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Abstract 

The research was aimed at  study of typical anatomy of renal hilum with validation of system of morphometric indicators of 

renal hilum morphotype at the stages of human postnatal ontogenesis.   

The analysis  of anatomical variability of human renal hilum at the stages of   postnatal ontogenesis 

has been carried out in conditions of postmortem morphometry on 57 kidneys of people, aged 50-59 yrs of 

both gender, who died as a result of accidents or died for the reasons not associated with renal diseases.   

The analysis of organometric data of renal hilum as for the gender features  of  anatomy of the 

kidney allows to conclude that  in ontogenetic group of 50-59 yrs reliable differences on all analyzed 

organometric parameters (р<0,05; except the hilum area) is detected in male individuals. 

The analysis of morphometric data of renal hilum allows to conclude that  in ontogenetic group of 

50-59 yrs the reliably greater parameters of the depth of anterior and posterior hilum area location are 

detected in male individuals as compared with females, as well   persistent dimensions of the superior and 

inferior width of rena hilum that can be explained by the involutory processes in the parenchyma of female 

individuals with changes in organometric landmarks of female renal hilum.  

 

Keywords: kidney, renal hilum, morphometry, ontogenesis.  

 

The research has been carried out within the research scientific work, entitled “Determination of 

mechanisms of morphogenesis of organs, tissues and vascular-nerve structures of the organism in norm, 

during experiment and under the influence of external factors. Morphoexperimental rationale of the effect of 

new surgical suture materials in clinical practice.” State registration number : 0113U00124.  

 

Introduction 

In the current national and foreighn handbooks on human anatomy [4-8]  the shape of renal hilum and 

its location is neither mentioned nor described profoundly without provision of qualitative characteristic 

of shape, location, indicators and zonal topography.   
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In several monographs [6,7] the concept of “renal hilum” is mentioned only in connection with 

the choice of surgical approach or possible interlocation of elements of neurovascular bundle. 

The most detailed data related to kidney anatomy, its hilum, in particular, are presented in 

investigations of morphometric features of kidney at specific stages of ontogenesis (in children, 

adolescents, senior people), carried out under the supervision of Prof. Burykh M.P. Particularly, such 

investigations showed that kidney height (LП) depends on the stage of ontogenesis and varies within 

(42,1±2,9) mm to (125,1±4,7) mm and reliably  increse (in early childhood, young and senior age). Rise 

of kidney height up to the end of senior age is explained by the morphofunctional state of kidney; 

however, only the urogenital tracts and their coordinate distribution in the renal hilum plane were 

studied,whereas no study of renal hilum itself, its shape and zonal topography was presented in such 

investigations.   

The research, made by Padalytsya М.А. [2], encompassed kidney organometry and renal 

calyces morphometry in childhood, adolescent and young age has been performed, considering the 

international age classifiction.  Methods of quantitative and descriptive anatomy, as well as advanced 

author  were used. 152 isolated kidneys were examined to display integrated age and individual 

anatomical features of human kidney. Particularly, the pattern of ontogenetic changes of intraorganic 

structures of kidney is demonstrated, and morphometric analysis showed that anatomical variability is 

specific for renal calyces, which is characterized by the reliable selective dynamics of its linear and 

volumetric  dimensions acording the the age. Among the established age-related anatomical features the 

most significant is the defined advance development of the superior renal calyce (which, naturally, is 

the cause  of changes of zonal references of renal hilum) that enable using its morphometric  data to 

evaluate morphofunctional development of renal calyces in general, including the methods of non-

invasive study in the inpatient sconditions.   

 

Purpose 

The research was aimed at  study of typical anatomy of renal hilum with validation of system of 

morphometric indicators of renal hilum morphotype at the stages of human postnatal ontogenesis.  

  

Methods and Materials  

The analysis  of anatomical variability of human renal hilum at the stages of   postnatal ontogenesis has been carried 

out in conditions of postmortem morphometry on 57 kidneys of people, aged 50-59 yrs of both gender, who died as a 

result of accidents or died for the reasons not associated with renal diseases. The cadaver specimens have been studied 

in conditions of postmortem morphometry, based on Poltava Regional Medical Examination Bureau.  

The research has been been carried out in compliance with the  main rules of the European Bioethical 

Convention (04.04.1997and Declaration of Helsinki on ethical principles for medical research involving 

human subjects (1964–2008), and Order No 690 from 23.09.2009 of MOH of Ukraine.   

Organometric evaluation of the kidney have been made according to the values of complex of one-, 

two-dimensional and volume indices (kidney height (LН), thickness (PН), width (DН) and kidney volume 

(VН); kidney anatomical section area (SН) and renal hilum area (SВ); the suggested criterion – index of hilum area 

(IA) has been used, which expresses the kidney anatomical section area and renal hilum area ratio).   

Morphometric evaluation of renal hilum has been made according to the complex of one- and two-dimensional 

parameters (height of renal hilum (hh), height of renal hilum area (hS), anterior (bAh) and posterior (bPh) depth of renal 

hilum, superior (gS) and inferior (gI) width of renal hilum and some other morphometric parameters of hilum and its 

indices).  
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Results and Discussion. 

Organometric evaluation of the kidney. 

The findings have shown that in ontogenetic group of 50-59 yrs kidney height (
4
LН, mm) varies 

within: 
4
Lmin/max=(108,0÷127,0) mm, constituting on the avarage of (114,4±1,4) mm. Gender renal 

differences in this linear parameter are reliably (р<0,001) characterised with bigger height among the male 

individuals than the female ones ((117,9±1,5) mm and (110,5±1,0) mm, respectively). Variability rate of this 

organometric feature is low and  within (КАV = 0,009÷0,013).  

Kidney width (
4
DН , mm) is reliably (р<0,0001) lower than its height and varies within 

(
4
Dmin/max=(55,0÷72,0) mm), constituting on the average of (66,3±0,6) mm; gender renal difference in kidney 

width parameter is reliably bigger among the male individuals than the female ones ((66,9±0,5)  mm and 

(59,0±2,7) mm, respectively). Variability rate of this organometric feature is low and  within     (КАV = 

0,046÷0,074) statistical divergence. 

In ontogenetic group of 50-59 yrs kidney thickness (
4
PН, mm) varies within: 

4
Pmin/max=(20,0÷50,0) 

mm, constituting on the average of (34,8±0,9) mm. Gender renal differences in this linear parameter are 

reliably (р<0,05) characterised by bigger renal thickness among the male individuals than the female ones 

((35,3±0,9) mm and (24,8±2,1) mm, respectively).  Variability rate of this organometric feature is low and  

within  (КАV = 0,025÷0,087) statistical divergence and three times bigger in females. 

In ontogenetic group of 50-59 yrs kidney volume (
4
VН, dm

3
) varies within:  

4
Vmin/max=(0,100÷0,158) 

dm
3
, constituting on the average of (0,134±0,003) dm

3
 and associates with reliably greater linear parameters 

in male individuals. Gender renal differences in this linear parameter are reliably (р>0,001) characterised by 

bigger kidney volume among the male individuals than the female ones ((0,136±0,002) dm
3
 and 

(0,111±0,008) dm
3
, respectively). Variability rate of kidney volume is  within 0,012÷0,072 and almost 5 

times (!) greater  in female individuals. 

In ontogenetic group of 50-59 yrs kidney anatomical section area (
4
SН , mm

2
) varies within: 

4
Smin/max=(3450,0÷5150,0) mm

2
, constituting on the average of (4364,2±66,2) mm

2
. Gender renal differences 

in the parameter of kidney anatomical section area are not found in this ontogenetic group ((4416,1±65,5) 

mm
2
 in male individuals and (3675,8±111,0) mm

2  
 in female individuals). Variability rate of this 

organometric feature is low and  within (КАV=0,015÷0,030) statistical divergence and almost the same for 

both gender.   

In ontogenetic group of 50-59 yrs renal hilum area (
4
SВ, mm

2
) varies within: 

4
Smin/max=(270,0÷790,0) mm

2
, constituting on the average of (595,3±30,6) mm

2
. Gender renal differences in 

this linear parameter are reliably characterised by bigger renal hilum area among the male individuals than 

the female ones ((611,9±31,6) mm
2
 in male individuals and (376,1±56,1) mm

2
 in female individuals).  

Variability rate of this organometric feature is  three times grater in female individuals (КАV=0,149), than in 

male ones (КАV=0,051).   

In ontogenetic group of 50-59 yrs the relative parameter, i.e., index of renal hilum area (
4
ІA) (kidney 

anatomical section area and renal hilum area ratio) varies within: 
4
ІAmin/max=7,2÷15,2, constituting on the 

average of 13,5±0,7. Gender renal differences in the parameter of index of  renal hilum area in this 

ontogenetic group are statistically reliable (р<0,05): 13,7±0,6 in male individuals and 10,2±1,4 in female 

individuals and. At the same time the moderate  rate (within 10,0%) of individual anatomical variability has 

been noted among female individuals (КАV=0,137) (Table 1). 
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Table  1 

Renal organometric parameters in ontogenetic group of 40-49 years  

 (n4=57) 

Parameters, their notations 

and SI units  

Gender 

groups  

Variation limits  

(min÷max) uts. 

Mean value  

(M±m) uts. 

КАV 

 

Kidney  height 

 

4
LН, mm 

male 108,0÷127,0 117,9±1,5
 
 0,013 

female 110,0÷113,0 110,5±1,0 0,009 

total 108,0÷127,0 117,4±1,4
 b

 - 

 

Kidney width 

 

 

4
DН , mm  

male 61,0÷72,0 66,9±0,5 0,074 

female 55,0÷62,0 59,0±2,7 0,046 

total 55,0÷72,0 66,3±0,6
 а

 - 

 

Kidney thickness 

 

4
PН , mm 

male 25,0÷50,0 35,3±0,9 0,025 

female 20,0÷29,0 24,8±2,1 0,087 

total 20,0÷50,0 34,8±0,9
 а

 - 

 

Kidney volume 

 

 

4
VН , dm

3
 

male 0,100÷0,158 0,136±0,002 0,015 

female 0,100÷0,125 0,111±0,008 0,072 

total 0,100÷0,158 0,134±0,003
b
 - 

Kidney 

anatomical 

section area 

 

4
SН , mm

2
 

male 4150,0÷5150,0 4416,1±65,5 0,015 

female 3450,0÷3850,0 3675,8±111,0 0,030 

total 3450,0÷5150,0 4364,2±66,2 - 

 

Renal hilum 

area 

 

4
SВ , mm

2
 

male 410,0÷790,0 611,9±31,6
 
 0,051 

female 270,0÷480,0 376,1±56,1 0,149 

total 270,0÷790,0 595,3±30,6
 b

 - 

Index of renal 

hilum area 

 

4
ІA 

male 11,8÷15,2 13,7±0,6
 
 0,044 

female 7,2÷10,9 10,2±1,4 0,137 

total 7,2÷15,2 13,5±0,7
 а

 - 

Note: 
а
 the difference in parameters reliably depends on gender, when  р<0,05;   

b
 - the difference in parameters reliably depends on gender, when  р<0,001;  

КАV – variability rate of the organometric parameter 

 

Morphometric characteristics of renal hilum in  ontogenetic group of 50-59 yrs. 

The findings showed that in ontogenetic group of 50-59 yrs renal hilum height (
4
hh, mm) varies 

witin: 
4
hh_min/max=(27,0÷45,0) mm, constituting on the average of (40,3±1,2) mm. Gender renal hilum 

differences in this linear parameter (р>0,05) are characterised by bigger indices of renal hilum height among 

the male individuals than the female ones ((40,7±1,2) mm (35,3±3,9) mm, respectively). The variability rate  

of renal hilum  height is moderate in females (КАV=0,110). 

In ontogenetic group of 50-59 yrs the heigh of renal hilum area (
4
hS, mm) varies within: 

4
hS_min/max=(27,0÷45,0) mm,  constituting (40,0±1,4) mm. Gender renal hilum differences in this linear 

parameter are not found (р>0,05) due to anatomical variability of the paramenter, and mean vealues  of 

height of renal hilum area in male and female individuals are (40,1±1,4) mm and (38,3±3,2) mm, 

respectively. The rate of individual anatomical variability of height of renal hilum area in females (КАV = 

0,083) is twice higher than corresponding parameter among  male individuals (КАV = 0,034). 

In ontogenetic group of 50-59 yrs the anterior depth of renal hilum          (
4
bAh, mm) varies within: 

4
bAh_min/max=(17,0÷26,0) mm, constituting on the average of (23,3±0,6) mm. Gender renal hilum differences 

in this linear parameter (р<0,05) in male and female individuals are (23,7±0,5) mm and (21,2±1,1) mm, 
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respectively. The  variability rate of this parameter is twice higher in female individuals (КАV=0,061) as 

compared with  males (КАМ=0,021), and is within the range of low level. 

In ontogenetic group of 50-59 yrs the posterior depth of renal hilum   (
4
bPh, mm) varies within: 

4
bPh_min/max=(8,0÷20,0) mm, constituting on the average of (16,7±0,7) mm. Gender differences in this 

parameter are characterised by reliably greater indices of this parameter in male individuals (17,2±0,7) mm, 

as compared to female individuals (11,3±1,9) мм; the  variability rate of this parameter is moderate in 

female individuals and low in male individuals     (Table  2). 

 

Table  2 

Morphometric characteristics of renal hilum in ontogenetic group of 50-59 yrs 

(n4=57) 

Parameters, their notations 

and SI units 

Gender 

groups  

Variation limits  

(min÷max) uts. 

Mean value  

(M±m) uts. 

КАV 

Renal 

hilum 

height 

 

4
hh, mm 

male 37,0÷45,0 40,7±1,2 0,029 

female 27,0÷40,0 35,3±3,9 0,110 

total 27,0÷45,0 40,3±1,2
 
 - 

Height of  renal 

hilum  area 

 

4
hS , mm  

male 36,0÷45,0 40,1±1,4 0,034 

female 27,0÷44,0 38,3±3,2 0,083 

total 27,0÷45,0 40,0±1,4 - 

Anterior   

depth of  renal 

hilum 

 

4
bAh , mm 

male 22,0÷26,0 23,7±0,5 0,021 

female 17,0÷22,0 21,2±1,1 0,061 

total 17,0÷26,0 23,3±0,6
 а

 - 

Posterior   depth 

of  renal hilum 

 

4
bPh , mm 

male 15,0÷20,0 17,2±0,7 0,040 

female 8,0÷14,0 11,3±1,9 0,115 

total 8,0÷20,0 16,7±0,7
 б

 - 

Superior 

width of 

renal hilum 

 

4
gS , mm 

male 14,0÷19,0 16,3±0,6 0,037 

female 6,0÷14,0 10,5±1,7 0,162 

total 6,0÷19,0 15,9±0,5
 а

 - 

Inferior 

width of 

renal hilum 

 

4
gI , mm 

male 12,0÷16,0 13,1±0,5 0,038 

female 7,0÷11,0 8,8±0,5 0,057 

total 7,0÷16,0 12,8±0,5
 б

 - 

«S-I» 

Parameter 

 

4
h0, mm 

male 40,0÷47,0 43,6±0,9 0,020 

female 36,0÷46,0 42,0±2,5 0,059 

total 36,0÷46,0 43,5±0,9 - 

«I-I» 

Parameter 

 

4
h1, mm 

male 40,0÷46,0 43,1±0,9 0,020 

female 32,0÷52,0 43,3±3,8 0,087 

total 32,0÷52,0 43,1±0,8 - 

Note: the difference in parameters reliably depends on gender: 
а
 - р<0,05;  

b
 - р<0,001. 

 

In ontogenetic group of 50-59 yrs superior width of renal hilum (
4
gS , мм) varies within: 

4
gS_min/max=(6,0÷19,0) mm, constituting on the average of (15,9±0,5) mm. Gender renal hilum differences in 

this linear parameter (р>0,05) are characterised by greater superior width of renal hilum in male individuals 

(16,3±0,6) mm, than in female ones  (10,5±1,7) mm. The rate of variability of superior width of renal hilum 
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in females (КАV=0,162 – moderate ) is almost five (!) times bigger than  corresponding parameter among  

male individuals (КАV=0,037).   

In ontogenetic group of 50-59 yrs the inferior width of renal hilum         (
4
gI ,mm) varies within: 

4
gI_min/max=(7,0÷16,0) mm, constituting on the average of (12,8±0,5) mm. Gender renal hilum differences in 

this parameter are characterised by bigger (р<0,05) dimensions of inferior width of renal hilum in male 

individuals (13,1±0,5) mm, as compared to female individuals           (8,8±0,5) mm. The  anatomical 

variability level of the inferior width of renal hilum is 1,5 times  higher in female individuals (КАV=0,057) as 

compared with corresponding parameter in males. 

The  “S-I” (
4
h0, мм; the shortest distance from the superior angle of renal hilum to horisontal plane of 

kidney’s upper pole) and “I-I” (
4
h1, mm; the shortest distance from the upper boundary of renal hilum entrance to 

the plane of kidney’s upper pole) morphometric parameters   specify the “openess” of renal hilum in the saggital 

plane. The morphometric parameter (
4
h0) varies within (36,0÷46,0) mm and accounts for (43,5±0,9) mm and 

is almost  the same for both gender, 
4
h1 accounts for (43,1±0,8) mm and reliably similar to the “S-I” 

morphometric parameter (р>0,05), indicating in favor of invariability of the shape of entry into renal hilum. 

 

Conclusions. The analysis of organometric data of renal hilum as for the gender features  of  

anatomy of the kidney allows to conclude that  in ontogenetic group of 50-59 yrs reliable differences on all 

analyzed organometric parameters (р<0,05; except the hilum area) is detected in male individuals.  

The analysis of morphometric data of renal hilum allows to conclude that  in ontogenetic group of 

50-59 yrs the reliably greater parameters of the depth of anterior and posterior hilum area location are 

detected in male individuals as compared with females, as well   persistent dimensions of the superior and 

inferior width of rena hilum that can be explained by the involutory processes in the parenchyma of female 

individuals with changes in organometric landmarks of female renal hilum. 

 

Perspectives of further research. The follow-up research will encompass the analysis of renal 

organometric characteristic and morphometric parameters of human renal hilum in other ontogenetic groups. 
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