
West AJiiccat journal of UUrasotmd Vol 16. (2013) 
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U l ~ ~ c  measurement of aManinal organ 
dimensions in children of all ages is utilized in the 
monitoring of abdominal organ growth pattem, 
diagnosis and follow-up of patieats with a variety of 
diseases. Base line reference values are necessary to 
determine abdominal organ growth and the degree 
of deviation from the normal in pathologiical states. 

These values are well est&ilisbxl in the dtveloptd 
countries but local reference levels are sparse in this 
mvirollmat 

This is a m v e  prospective pilot study done at 
Ibadan, Nigeria One hundred and twenty-nine 
clinically healthy nursery and primary school 
childten,agedbetween3& 1 0 y e ; u s ~ o f  
74 females and 55 males were M t e d  into tk 
study. Consent was sought from the school 
authorities and more importantly from the 
palwltdcaregiversthroughletterswrinen~ugb 
the school authorities. Those pupils whose 
parentdcare givers gave consent were included in 
the study. The age of each child was dcmmad in 
months. Height was m e a d  in meters wing a 
measuring tape with child stauding against avertical 
wall. Weight was also measured using a ZT 
standing weighing scale. Each child underwent 
abdominal ultrasound evaluation and mmwemmt 
of liver, spleen and renal diameters. These 
parameters were recorded on aprepareddata sheet. 
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The mean length, width, a n t e r o - p o ~ ~  diameters 
and v o i ~ ~  of the right kidney in males were 
7.52cm M.95, 3.89cmM.60, 3.89cxmkO.48 and 
13.56cm3a.73 respectively, while the diameters in 
females were 7.28cm*0.84, 3.70cm*0.54, 
3.95cmM.54 and 13.98un3M.82 respectively. In 
the left kidney, in males these parameters were 
7.97clIEtO.87.3.78cm a . 6 1  and 3.84cmi0.50 and 
14.83cm314-67 mpctbely, while the diameters 
and volume in females were 7.75ce0.83, 
3.66cmh0.53, 3.9W0.49 and 14.99cm3*4.44 
respectively. The gender difference in renal 
volumes bilaterdly was in hvor of females but not 
statistically sigttilicmt on either the right (p= 
0.530) or the left @=0.689) kidney. The volumes of 
both kidneys in both sexes showed positive 
codation with their heights. The overall median 
splenic size was 8.35cm with an interquartile range 
of 1.70. The mean splenic size in females was 
9.14cmrt 8.79, while themean inmales was 8.49cm 
* 1.17. The ovaall median liver size was 1l.Ocm 
with an in teqwde  range of 1.30. The mean Liver 
span was greater in males (12.78cm h 13.7) thsn in 
females (10.62 1.1) p-0.074. Also, the liver span, 
weight and h e ' i  were positively comlated; witb 
correlation coefficients of 0.037 and 0.013 
respectively Q~0.68 andp=O.89). 

Tn this smdy, normal mean dimensions of the liver 
and s~lee-n are greater in males than in females. 
Height, weight and age are poor predictors of renal 
volume with an adjusted R' of 0.076 for the right 
kidney and 0.096 far the left kidney. However, 
height alone was consistently statistically 
significant [p?).000] in the right kidney. Height, 
weight and age m months and gender are wry poor 
predictors of splenic and hcpatic span with adjusted 
R' of 0.003 and R' of 0.001 -vely. This pilot 
stndy establishes anormogram for liver, spleen and 
kidneys size in pediatric age group in Nigeria 

Keywords: nomogram Kidneys, Liver, Spleen, 
Ultrasound, abdominal organs 
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Introduction 
Measurement of aM& mgan diameters in 
children of all ages is performed to evaluate the 
growth pattern of abdominal organs', and the 
diagnosis and fbllow-up of patients with a d -  of 
diseasesz. ~nobservedincrease ardcmzse inorgan 
size may be associated with specific disease 
proceaes. Gn-elation of measured normal organ 
diameters, the derived organ volrrmes and &a 
with body parameters ofphysical m i a & d r e a  
such as height and weight provides reference 
values. These may save as baseline to dewmine 
the degree of deviation ftom the normal in 
pathological states'. Radioiogical &&s hat 
may be used to mearmre the dimensions and volume 
of the abdominal organs include Computed 
Tomography (CT), IMagdc rmmme imaging 
(MFU) a n d U h s o n ~ ~ ( u ~ ) ' .  T h e ~ c s s t o f  
CT and MRI examination and the high dose of 
ionizingradiation in CT have made these m&ties 
not so appeahg in the study of normat mfamce 
values in children. However medid ~~d is a 
simple and reliable imaging modality for the 
assessment and measurement of abdominal 
visced. It is affmdabk, widely avaiwleand k e  of 
ionizing radiatim3. Also, &tram& m a e a ~ u r e w  
of distance, as well as 3-dimensional volume 
measurements are rep-y sufEcielt+ amrate 
for use in clinical practice4. 
Size anomaly involving abdmid ogam sac& as 
the liver, spleen or kidneys may be associated wirh a 
broad range ofdisease processeswhichvary greatly 
with patient's age3. Indeed, an eniqged M dmmken 
liver; kidney or spleen in children maybe w a i v e  
of specific focal or systemic disease pmcess. Tn our 
environment, a large number of pathologic entities 
can affect splenic size in children, swh as splenic 
enlargement in asociatiosr with maIda i n f d o n  
(tropical splenomegaly syndrome-TSS) h. Clinical 
examination is often far from accurate in 
determining small changes ia splenic size2. 
Hepatomegaly is a frequent alinical finding in 
childten, and may be caused by intrinsic liver 
disease or by a variety of systemic d m R .  Aim, 
a shrunken liver mav result fiom c h i c  liver - 
disease following Hepatitis ''B infection'. 
Knowledge of normal splenic or liver size in 
relation to age and other biometric parameters of 
physical growth is of parmmrt iqmkance in the 
detenuhation of hepatomegaly or splenomegaly 

w h i c h m a y c o - d i n c h i l h  Reds ize i san  
important pmaeter in in assetsmeat of children 
with renal dhease''.~he kidneys continue to grow 
in size after birth and reaches near adult size of 
law by 12years~fagd ' ,~e inreamls i ze  
m a y b e ~ w i & c h r d c d d i s i e a s o , w h i l e  
an i n a d  renal size may occur in acute kidney 
iuj~ry'~. Also, there ie clinical value in comparing 
the sizes of the two kidneys as it provides ameans of 
stdying the natsral hiitorgr of certain renal 
diseased: For exmnp1ey unilateral disease in a 
child may r& in a~ ipsiletserd slmmken kidney 
and cmtdaiend r e d  hypeatrophy. Alsoy bilated 
renal dagemm zmy Iw noted in polycystic 
disease and some lipid storage disorders. 
Docummtcd mawremmt of renal length and 
volume bas been r e p o d  in the literature to be 
c s m e ~ w i ~ ~ t ' s  height d weightn1'. Age 
related xmmograms am genera;tly used to interpret 
n c m d  renal, liver and sp1ea.1 sizes'". However, 
many nomGopm are based an healthy westedll 
~ a a d m a y n o t r e w y ~ l y t o N ~  
children. In order to interpret organ size in disease 
states it is necessary to have normal reference 
values for =gerian children in relation to their age, 
&, hei&taadweight. 
This pilot study aims to document ultrasound 
measured n d  diameters of kidneys, liver and 
spleen inheaithy Nigetiaa children ofvarious ages, 
and to mmiate o q p  diameters with age and 
gender, and anthropometric measures such as 
height aad weight. 

Mate7irls a d  M&wds 
This descriptive prospective pilot study was done at 
Tbadan, Nigeria between July 201 0 and December 
201 1. Ethical lyrpl.oval ffor this study was obtained 
From the UCHRn Ethical Committee. One hundred 
and twenty-nine clinically healthy nursery and 
primary school children, aged between 3 and 10 
yea& 74 girls and 55 boys were recruited into the 
studry. C m m t  was obtained fiwn parents and 
authorities of the selected nursery and primary 
school. Convenience sampling method was 
adopted Conseaaive rw;ruitmem of subjects was 
done with a view to achieving a fairly even spread 
in tenns of age and gender. Children with a history 
or symptomatoiagy suggestive of chronic ill- 
health, those deemed clinicaily unhealthy or 
u n c w p d e  were excluded fiom the study. Also 
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excluded were children who did not have nomd 
growth curves, i.e. not within the 3" to 9 P  

The age of each child was documented in months. 
Height was measured in meters using a nmmrbg 
tape with chiid standing against a v& d. 
Weight was also measured using a ZT standing 
weighing scale. Each child then underwent 
a b d o m i n a l n f t r a s a r m d ~ o n a u d ~ t  
of liver, s p k  and renal dimensions. All meawed 
o r g m s w e r e s w ~ n o n m a l ~  
warnination was dom using a portable Micmmax 
Sonosite Inc. Bothhell, WA, USA u l t r a s ~ ~ ~ d  
scanner with a 3.5-5MHz convex txadmxr- 
Subjects badneither prepation nor sedation. 
Measurement of the liver, splem and W e y s  were 
perf~med in all fllbjects (l29k The subject wae in 
supineposition,longitYdinaldimcnsionsoftBeliver 
were obtained in the midclavicular line with 
simdtane~l~ demaastration of the right kidney. In 
this plamtheuppernrarginof thehwas~  
as the uppertnost edge anrlea the dome of the 
diaphragnZ whereas the lower margin was defined 
as the lowermost edge of he lobe'. Lon$- 
dimension in the coronal plane was oMaiaed with 
the subject in the aupine or slightly right deaubim 
position. Longitudinal size measurement was 
p e r f o r m e d b e t w e e n t h e m w t ~ a n d t h e  
most infero-lateral aspect of the spleen3. 
~~ (LS), transverse (TS) and antero- 
posterior (AP) diameters were obtained in the 
sagittal and in the coronai pianes passing through 
the renal hihun with subject in the supine or slightly 
right or left lateral dentbib positions. 
To determine reproduciiility, the measurement of 
eachorginwasperfanneddtree timesandthemean 
of the values was recaded. Renal volume was 
calculated fur each kidney using the Ellipsoid 
formula -LS x TS x APx d 6  (0524). 

The sex, age, height and weight were comlated 
with the diam- of the mgam. All measurements 
were plotted as a function of age in rnondrs, body 
weight and height. The mean, median, minimum 
and maximum values and standad ibeviation for dte 
measurements were also c a ! a  (SPSS Vmion 
1 7 for Windows). Associationsbetween categorical 
variables were explored with the Chi- Square test, 
while numeric v d e s  were amqmrd with the 
Student T- test. Associations were deemed 
significant ifpvalue<0.0505 

Results 
Atotalof I29 children were scanned amprhhg 55 
males (42%)& 74 females (56%). The ages ofthe 
children tanged &om 36 to 120 months. The mean 
age fix the male6 was 76.19 mntbs * 27.14 while 
thcmtanagefooWmw 71.5~24.28mon~. 
The weight and height range in both sexes 
combined was 1 1-3- and 82137cmrespectively. 
M a l e s  w e r e  s l i g h t l y  t a l l e r  
(Marn=113.Wl3.13) than females (Mean= 
111.05cm * 13.61). The males were also heavier 
(Me8~~20.89kg rt538), than the females (Mean= 
18.6C%@4.68)- 

ReadMasat.ements: 
As sten in Table 1, the mean length, width and 

dhmetu of the right kidney was 
738carMB, 3 . 7 % ~ ~  & 057 and 3.93- * 0.51 
mpectively. The minimum valme of the righ renal 
volume is 3.80Qn3 with a range of 24.73cm3. Also, 
the mean length, width and antem-posterior 
diameter of the left kidney was 7.85artkO.85, 
3.71cmM.56 and 3.87cmM.49 respectively. The 
minimum value of the left renal volume was 
632cm3 witha range of 19.79 a'. 

Table I, The length, width and antero-posterior 
dimensiom of the kidneys 

Mean lcngth,width a n d a n ~ o r d i a m e t e m  
d the right kidaey m males were 7.52cm 43-95, 
3.89cmM.69 atad 3 . M . 4 8  respectively, while 
the diameters in females were 7.28cmM.84, 
3.70nrrtO.M and 3.95cH1M.54 mpxtively. Table 
1. The mean right renal v o b e  measurement was 
13.98an3*.$2 m  la, and 1 3.56cm3M.73 in 
males. 
The mean length, width and ant-posterior 
dhcnsions of the left kidney in males were 
7.97d.87,  3.78m M.61 lrnd 3 . M . 5 0  
mqdively, wbile the diameters in females were 
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7.75cm*0.83, 3.66cmf0.53 and 3.90*0.49 
respectively. The mean left renal volume was 
slightly smaller in d e s  14.83QnY4.67 tban in 
females 14.99un3i4.44. The gender difference in 
renal volume b i h e d y  was in fBvm of females but 
not statistically significant for the right kidney (p= 
0.530) and LeB kidney (pc0.689) respeczively as 
seeninfigurel. 

Flgare 1. Bar PIot showing the distntnb&n o/ 

* w ) W @ s * a n d *  

Figure 2. Scatter Plots dowing ~IaZionship 
h e n  k k h y  whmes by-, sige. wight d 
height in rhestudyppulotia~~. 

The volume of the kidneys in both gendas were 
positively butweakly correlated with weight with a 
mzelatim d a e n t  of 0.2 1 5 for the right kidney 
(p=&14) tlnd oarrciation coefficient of 0.291 fi the 
leftkidnq(p 4.001)4st icaUy significant. The 
volume of the ki-s in both g e n h  were also 
positivtly but weakly ~~ with height with a 
d m  coeffit+ent of 0.306 tbr the right kidney 
(p4.000) and correlation coefficient of 0.329 for 
the left kiduey (p <O.OOO) -Both statistically 
Sigaificant 

The 'volumes of the kidneys in males and females 
separately showed positive correlation with their 

height and weight. For males, the amelation 
d c i e n t  b e e n  the right kidney volume and 
weight was 0.1 90 w.164) while the cmelation 
oocfficient between the right renal volume and 
height was 0.250 @=0..065). Also, the cadation 
mefiicient between the left kidney volume and 
weight was 0.352 (p4.008 statistically significaut) 
and the co*tion coefficient between the left 
16- volume d height was 0.360 (p=O.OM 
s ta&daQ~can t ) ) .  
On the othea hand for f d e s ,  the correlation 
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coefficient between the right kidney vobne and 
weight was 0.271 (p=0.020) while the correlation 
d c i e n t  between the right renal vofnme and 
height was 0.330 (p30.004). Also, the coudath 
c d c i c n t  betwea the left kidney vohrme and 
weight was 0.241 (p=0.040) while the cardation 
coed5cient b e e n  the left kidney v h  d 
height was 0327 (p=O.O(f5). These c u d a t h s  
were statktically significant in females for bath 
Mclnqs. F$gmc2- 

LtawmaMultlpkR-- 
In males, weight, height and age in months 
combimed ate very poor predictors of r e d  voluake 
with an adjusted RZ of 0.008 @=0.977), 0.005 
m.282) and -0.007 Q4.537)  (95% CI a 4  span 0) 
respbetively for the right kidney; all not &atistically 
significant For the left kiduey, weighr, height and 
age in manths are also pwr prcdictars of d 
volume with an e& R' of 0.102 @..0.371), 
0.085 e . 3  16) and 0.1 18 (j~0.098) (95% CI all 
span 0), also not statistically si@cant 
In females, weight, height and age in months 
combined are very poor pmiktms of renal v o k  
with an adjusted R'. of 0.051 @=0.350), 0.101 
@-o. 109) and 0.089 (p-0.738) (95% CI all span 0) 
mpectively far the left kidmy. For the right kidney, 
weight, height and age in d are adso poor 
predictors of renal volume with aa adjusted R' of 
0.055 (p=0.168), 0.129 Q~0.119) and 0.132 
(p-0.279) (95% CI all span 0), all not statistically 
s i ~ ~ t  
Weight, height and age in months combined are very 
poor predictors of overall right renal vohune in the 
entire srudypopulation (irrespectiveofgender)with 
R' of 0.033 @--0.218), 0.a3 (p=o.054)y 0.075 
(~4.709) respectively. Also for the overall left 
kidney volume, weight, height and age in months 
combined am vey pow predictllrs in the entite 
study population (irrespective of gender) with R' of 
0.073 @-0.959), 0.087 (p-0.670), 0.096 W.141) 
+vely. 

Spleen and liver mtirnremeuts. 
The mean splenic size in females was 9.14cm & 

8.79, while the mean in males was 8.49cm It 1.1 7. 
The ovcrall median splmic size was 8.35an for the 

s m d y ~ ~ t s  rosnbinedwithanintearplartile 
range of 1.70. 
The mean liver span was greata in males (12.78cm 
k 13.7) than in f d t s  ( 1 0 . 6 2 ~ ~  * 1.1). Thc mcan 

diff-e is 2.1- with a 95 % CI of (0.97-528) 
m.074. Howwa, the overall median liver size 
was 1l.Ocm ia both genders combined with an 
mtmpdknmgcof 1-30. 
The livm span, .weight and height were positively 
correlated; with correlation coefficients of 0.515 
and 0.056~vely~p<o.000). The Splenic span 
was also positively unrelated with wcight and 
height; with cadation coefficients of 0.355 ;end 
03W repxtively (p4.OPD). Wcignt, height and 
age in months and gender combined are poor 
pndictors of spkPic sizes with adjusted R'of 0.000 
@-1.000), -0.004 @= 0.723), -0.012 (~4.855)~ - 
0.017 @=0.522) mpedively. Weight, height and 
age in mx&s and @ez combined are also poor 
~ o f ~ c ~ w i t h @ ~ R 2 0 f -  
0.007 (p=0.637), -0.014 @=0.422), 0.000 
@=O. 1 l9), 0.003 (p-o.240) respectively. 

lBbcuSd~ll 
In N i g h  health instiNtions, ultrasound is , 
commonly used for evabthg abdominal viscera 
incbildren. Itoffersrmmerousadvan@esdue toits 
simplicity, reliability, avddSty, and non-nse of 
ionizing radiation3. Also, the modality is real timey 
tri-dimensional and independent of organ 
functionM. Recognition ofpathologic changes in the 
size of the liver, Bpleen and kidneys in childre0 
depends on knowledge of the normal size range of 
these organs for the child's age. h practice, one or 
more diameters of an abdominal viscera is 
measrrndaspartofnotltiaeabdaminalsonogtaphic 
assessment in children to determine variations from 
normal'. 
in this &dyj tke mean right and left renal vohune 
was hi&= in girls than m boys. This was however 
not sta t is t idy  significant (t- tes4 p0.05 (Right 
kidney p= 0.530 a ~ d  left kidney p=0.689) 
bilatedy), w g  W s e x  is not a debmining 
f ~ ~ m r  for r e d  size in B h i l h ,  and is in agreement 
with tindings tiwn previous studies "7.'R" Our 
study also shows positive wrrelation between the 
measumd right and left renal volume with height 
and weight in both sexes, though statistically 
significant bilaterally only in gitls. Oriv et a1 
(201 2) in their study of ultrasound m e a s d  renal 
dimawhs amcwg Indian children, reported a 
wroagcorrelationofrenalsiztandvolmnewitb 
various somatic parameters, the best correlation 
was between renal length and body height. Also, 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



Dinkt1 et al " in 1985 studied renal dimensions 
meamred using uluasound and reported strong 
co~011~ten&vo$medbodywcighr ,  
aswellasrenal~andlmdybcightinhrthboys 
andgkLs. Regarding the mm-mthically significant 
positive wmlatig~ of d volume with somatic 
panrmetgs for boys in our study, a largca sample 
sizeinafuturestudymaybencadedmnmkea 
definitive statement. 
The conventional metfiod ofreadinghepatic and 
splenic size by clinical asmination Itas been 
reported to l a d r ; r c c u r a c y a m f r ~ ~ ~ ;  heetx: 
the rewurse to ulfrasound measurermt .% This 
study's mean splenic and liver diamdas are both 
pterinmalcsthaninf~andt&e]Tverspagl 
also positively umckes with body w&& and 
height. These f h h g s  agree with observations by 
Dhingra et ala, thay studied liver aud splenic 
dimensions in Indian chitdm aged be*- 1 
month and 12 years. ThGy adopal measmancat 

parmetetsforboth~similartoourstudy, and 
their values are slightly less rhan the values obtabted 
in ow work. However, theitntean Ever and splenic 
diameters were larger for males compared to 
females as was observed in our smdy. They also 
reported statistically significant correlation 
between the liver and spleea with body height and 
weight. Also, Rosaberg et aln adopted a om-step 
method for sonographic d measurement of 
the n o d  spleen in Americas chiltlm similar b 
0 u r m e a m v e m e n t t e c h n i q u e . T h e y ~ ~  
greater mean values for boys than girls. Also, 
splenic length correlated with age, height and 
weight. Safak et a1 (2005)''studied organ 
dimensions using a fairty large sample size (712 
M s h  children 7-15 years of age) and reported 
good codation between body weight and splenic 
and liver dimensions. However, there was no 
statistically significant diffkeacc in agan size by 
gender, an observation that may be explained by 
racial mix and peculiarities of the sample 
population. 

Coadusiom: 
In healthy Nigerian children, normal mean 
dimensions of the liver and spleea are grPxlter in 
males than females, However, there is no 
statistiadly sigzScant diffaence in renal volume 
by gender. Liver dimensions in both genders and 
r e d  volnme in femaies positively cumface with 

body height and weight This study has paved way 
f a r a w w t ~ v e s t t x i y w i r h a l a r g t  sarnple 
sizcandaMagerangeinoadePtocstaMisha 
~ f o r a b d a a m i n a l o r g a n s i z e s i n ~ c  
age group inNigaia -- 
We~y$laakIkaAremuamlOsobu(reSidtnt 
doctors) of tht Dqmrtmatt of Radiology of the 
University College Hospital Ibadan for their 
assist;ance dcoopedon. 

ArptBg~~~C0~&4butkm1 
T h e d ~ ~ b y O M k  AAJand 
OMA performed the Doppler ultrasound studies 
and with EU carried out the &ta collection,ATAdid 
thedataaaalysisdinxerpretati6n,EU,NAalld 
AAJ wrote tfie maawxipt OMA proof read the 

All authors read and approved the final 
manuscript 
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