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The study was aimed at establishing a new ultrasonic criterion of evaluating spleen dimensions 
in children (area of the maximum axial section) and determining the range of normal spleen 
dimensions. Patients and methods: We analyzed 838 ultrasonic spleen examinations in 
3-15-year-old children and determined the area of the maximum axial section by tracing the 
scan obtained with a medical device. Results: on the basis of ultrasonic examination data 
analysis, we established a formula, which helps to calculate the spleen section area with the 
organ’s length and thickness. We performed retrospective analysis of 4,001 standard ultrasonic 
examinations followed by formula evaluation of the area of maximum axial section. Conclusion: 
on the basis of the comparative analysis of the measured and calculated areas of the maximum 
spleen axial section, we established a range of normal values of this parameter taking age and 
sex into account. 
Keywords: spleen, ultrasonic examination, length, thickness, maximum axial section, normal 
values, children. 
 
Spleen is one of the organs of hematopoiesis and immune protection. Due to its multiple 
functions, this organ serves as in indicator of numerous pathological conditions induced both by 
hematological and non-hematological diseases [1, 2]. Increase in spleen dimensions is caused by 
accumulation of abnormal red blood cells in sinuses and bands of the pulp [3] and blood pooling 
in the setting of portal hypertension and heart failure [2, 3]. Rarer causes of splenomegaly 
include a group of storage diseases (Gaucher’s disease, amyloidoses), neoplasias, primary spleen 
tumors, cysts and metastases [1]. 
Spleen is the largest organ of the peripheral immune system providing immune protection [4]. 
Immunological disorders and, therefore, increase in spleen dimensions often occur in the setting 
of exposure to industrial chemical factors [1, 5, 6]. 
The size of the spleen indicates its functional status, which is why it is a relevant task for 
scientists to define the range of standard parameters of this organ. 
Ultrasound examination is the most informative, generally available, non-invasive and safe 
method of appraising spleen dimensions in children, as it allows obtaining the most accurate data 
on the organ’s dimensions and structure. However, the question of the ultrasonic criteria that 
would outline normal condition of the spleen in children remains disputable. 
According to M.I. Pykov and K.V. Vatolin [7], the maximum length of the spleen in a neonate is 
45 mm, and it increases each year by 7 mm reaching the maximum size of 130 mm by the age of 
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12 years. I.V. Dvoryakovskiy et al. [8] suggest appraising linear dimensions of the spleen on the 
basis of the child’s height. According to W.K. Loftus and C. Metreweli [9], the ratio of spleen 
length to left kidney length is ca. 1.0 in all age groups. 
Ultrasound measurement of dimensions accompanied by calculation of the spleen mass 
coefficient is considered the optimal technique [10, 11], as it takes into consideration correlation 
of linear dimensions of the organs with individual anthropometric parameters of the child – body 
weight; however, ultrasound examination yields inadequate results if the child’s body weight 
deviates from the norm. 
Normal spleen dimensions may be calculated on the basis of the spleen slice area; however, the 
literature contains data on the normal spleen area range for adults only [12]. 
Given the increase in the rate of immunopathological diseases in children and, therefore, 
alteration of spleen dimensions, it is important to employ additional marker criteria of normal 
dimensions of the organ. 
The study was aimed at establishing a new ultrasonic criterion of evaluating spleen dimensions 
in children (area of the maximum axial section) and determining the range of normal spleen 
dimensions. 
 
PATIENTS AND METHODS 
 
At the 1st stage of the study, we measured the area of the maximum axial section in 838 children 
of 3-15 years of age, who had not had acute diseases and chronic pathology exacerbations within 
the previous three months and who had not had blood diseases, lymphoproliferative and 
congenital diseases, as well as cardiovascular and hepatic pathologies, in anamnesis. The 
examination was performed by means of an expert class device Toshiba Aplio XG SSA-770A 
using a 3-6 MHz sensor (scanning frequency depends on the child’s age and expressiveness of 
the subcutaneous fat layer). The standard ultrasound examination involved use of an ultrasonic 
section of the maximum axial dimension of the spleen with simultaneous visualization of splenic 
hilum. Application of the preinstalled measurement programs helped to lay out the obtained scan 
and perform automatic calculation of the organ’s area (pic.). 
At the 2nd stage, we defined a formula, which allows measuring the spleen section area if two 
spleen dimensions (length and thickness) measured in the framework of the standard ultrasound 
examination are known. 
At the 3rd stage, which took place in 2009-2013, we performed retrospective analysis of 
4,001 standard ultrasound examinations of the spleen and, subsequently, calculation of the 
maximum axial section area of the organ using a design formula. At the final stage, we 
performed comparative analysis of the measured and calculated values of the maximum axial 
section area of the spleen and determined the age range of the normal parameters taking sex into 
consideration. 
We used program Statistica 6.1 (USA) to perform statistical analysis of results of the study. 
Quantitative parameters conforming to the normal distribution law are represented as M (mean 
value), m (error in mean), σ (standard deviation). Student’s t test was used to identify differences 
of results, which were considered significant at p ≤ 0.05 [13]. The obtained data of the normal 
parameters of spleen section area taking age and sex into consideration are represented as 
median and interquartile range (0th and 100th percentiles). 
 
STUDY RESULTS AND DISCUSSION 
 
As a result of the study, we revealed pronounced positive correlation of the maximum axial 
section area of the spleen with its longitudinal dimension (r = 0.82, p ≤ 0.05), thickness (r = 0.83, 
p ≤ 0.05); the maximum correlation was observed with multiplication of length and thickness of 
the organ (r = 0.92, p ≤ 0.05). 



The revealed correlation of the maximum axial section area of the spleen with linear dimensions 
of the organ allowed formulating a mathematical equation. This formula helps to calculate the 
spleen section area if two spleen dimensions (length and thickness) measured in the framework 
of the standard ultrasound examination are known. 
The following linear regression model – y = a*x+b – is used to describe dependence of the 
analyzed data. The least square method was used to calculate parameters a and b of the 
regression model. The following coefficient values were obtained on the basis of analysis of 
838 entries: a = 0.0078 and b = 0.539. The dispersion rate of the dependent variable 
substantiated by the model under consideration under these coefficients is R2 = 0.845. The 
overall equation subject to mathematical rounding of the dependence values is as follows: 
S = 0.8*l*h+0.5, where S is the maximum axial section area of the spleen (cm2), l – spleen 
length (cm), h – spleen thickness (cm). 
Age analysis of values of maximum axial section area of the spleen performed by means of 
instrumental methods and calculations is given in tb. 1. Analysis of the age mean group values of 
the maximum axial section of the spleen in 838 children obtained by tracing the image during the 
ultrasound examination established that this parameter increases each year by 1.39±0.42 cm2 on 
the average. However, this increase is uneven: the maximum increase in section area is observed 
at the age of 5-7, 8-10 and 12-14 years (see tb. 1). 
Comparative analysis of values of maximum axial section area of the spleen obtained 
instrumentally and calculated using the aforementioned formula demonstrated absence of 
significant differences (p > 0.05) on the basis of ultrasound data of 4,001 children. Thus, the 
formula may be used to calculate maximum axial section area of the spleen on the basis of 
retrospective ultrasound data or when the device does not feature this option. 
It is necessary to take gender differences into consideration in order to determine the normal 
range of values of maximum axial section area on the basis of ultrasound data, as physical 
development of boys and girls is uneven and spleen dimensions depend on anthropometric data. 
We analyzed values of maximum axial section area of the spleen calculated on the basis of 
percentiles in boys and girls taking age into consideration (tb. 2). 
Analysis of the data under study demonstrated that significant gender differences in the spleen 
section area are only observed from the age of 14-15 years. 
Limits of the specified interval – 5 and 95% representativeness levels – served as norm inclusion 
criteria in order to determine the normal range of values of maximum axial section area of the 
spleen in children and to rule out the risk of determining false values. The studies resulted in an 
ultimate outcome – a table of normal values of maximum axial section area of the spleen in 
children taking age and sex into consideration (tb. 3). 
 
CONCLUSIONS 
 
1. According to the correlation analysis, maximum axial section area of the spleen is a new 
objective ultrasonic criterion of evaluation dimensions; it is more informative than the analysis 
of linear spleen dimensions. 
2. Maximum axial section area of the spleen in children may be determined either with the 
standard programs of automatic tracing area measurement (preinstalled into the device) or by 
means of a calculation based on the standard measurement of spleen length and thickness 
performed in the course of ultrasound examination using the following formula: 
S = 0.8*l*h+0.5, where S is the maximum axial section area of the spleen (cm2), l – spleen 
length (cm), h – spleen thickness (cm). 
Thus, we established the normal range of ultrasonic values of maximum axial section area of the 
spleen taking age and sex into consideration on the basis of the obtained data. 
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Pic.  Ultrasonic determination of maximum axial section area. 
 

 
 
Table 1. Comparative analysis of instrumentally obtained and calculated data on maximum axial 
section area of the spleen taking age into consideration 

Instrumental method Calculation Age, years N M±m, cm2 S N M±m, cm2 S p 

3 37 19.4±1.7 6.1 150 19.2±0.7 4.6 0.70 
4 87 20.1±0.6 2.9 397 19.7±0.5 4.8 0.30 
5 66 20.5±1 3.9 589 21.4±0.4 5.1 0.09 
6 100 21.8±0.91 4.6 654 22.3±0.4 5.2 0.32 
7 104 24.0±0.99 5.1 423 24.1±0.5 5.2 0.85 
8 71 25.2±0.64 2.7 268 25.6±0.7 6.1 0.42 
9 52 27.5±0.89 3.2 310 26.5±0.7 6.2 0.08 
10 63 29.1±1.99 7.5 279 28.4±0.9 7.4 0.50 
11 61 31.0±2.04 8.0 256 30.7±0.8 6.6 0.79 
12 55 32.0±1.62 6.0 212 32.2±1.0 7.6 0.84 
13 49 33.8±2.3 8.0 191 33.5±1.1 7.9 0.81 
14 48 35.8±2.31 7.3 162 34.8±1.2 7.5 0.46 
15 45 36.5±2.39 7.5 110 36.8±1.8 9.7 0.85 

Note. N – number of studies, M – mean group value, S – root-mean-square deviation, m – error 
in mean, p – significance of differences. 
 
Table 2. Percentiles of maximum axial section area of the spleen in children aging from 3 to 
15 years 

Percentile Age, years Sex (n) Minimum value 5 25 50 75 95 Maximum value 

B (26) 12.7 13.3 14.3 15.2 16.7 21.2 22.7 3 G (21) 13.5 13.5 14.7 15.9 18.3 23.9 24.7 
B (51) 12.7 14.9 16.9 18.1 19.4 23.7 25.2 4 G (59) 12.6 13.9 15.3 16.8 18.8 21.9 22.7 
B (74) 12.8 16.2 17.3 19.6 21.6 26.6 33.1 5 G (97) 12.8 14.3 17.0 18.8 21.4 26.3 34.9 
B (116) 12.7 15.6 18.3 20.3 22.7 26.4 32.5 6 G (142) 13.5 15.0 18.0 19.5 22.3 27.8 34.9 
B (98) 14.4 17.3 19.3 21.9 24.4 27.7 32.7 7 G (105) 14.0 17.0 19.7 21.8 23.3 27.6 38.4 
B (68) 15.5 16.3 21.2 24.9 28.0 32.4 39.6 8 G (74) 15.0 17.8 20.7 23.0 25.7 30.1 33.5 
B (86) 18.3 19.2 22.4 26.0 28.6 34.6 45.5 9 G (98) 15.9 17.8 21.5 23.8 27.7 33.2 39.6 



Percentile Age, years Sex (n) Minimum value 5 25 50 75 95 Maximum value 

B (76) 17.2 20.2 23.5 26.3 29.3 35.1 44.8 10 G (87) 15.5 20.1 22.9 26.1 30.1 36.8 41.8 
B (66) 19.8 21.9 25.4 28.5 32.2 35.8 39.5 11 G (71) 17.1 21.6 24.6 27.7 31.3 38.9 46.7 
B (62) 21.6 24.5 27.7 30.7 35.5 42.8 56.6 12 G (75) 22.3 23.3 25.8 31.7 34.7 43.4 55.9 
B (57) 20.7 23.6 28.7 32.8 36.0 42.3 47.3 13 G (51) 22.3 24.3 29.1 32.5 35.5 44.8 53.2 
B (44) 24.5 25.6 30.2 35.3 40.8 43.8 48.6 14 G (61) 21.6 24.1 28.6 31.3 36.2 41.3 49.0 
B (24) 29.0 32.2 34.8 36.8 40.4 50.6 53.7 15 G (33) 22.0 24.8 29.4 32.8 34.6 41.6 46.6 

 
Table 3. Normal maximum axial section area of the spleen on the basis of age and sex 

Age, years S, cm2 
3-4 13.3-23.9 
5-6 14.3-27.8 
7-8 16.3-32.4 
9-10 17.8-36.8 
11 21.6-38.9 

12-14 
15 (girls) 23.3-44.8 

15 (boys) 32.2-50.0 
 


