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Var iants  of methods of morphome t r i c  and h i s tomet r i c  investigation of the s t ruc tu r e s  of the 
kidneys a re  descr ibed:  m e a s u r e m e n t  of the volume of cor t i ca l  and medul la ry  substance,  of 
the pelvis  and ves se l s ,  and of the number ,  l inear  dimensions,  and volume of the glomerul i .  
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Quantitat ive investigation of changes in the s t r u c t u r e s  of the kidney enables  the adaptive and patho-  
logical changes in the pa r enchyma  of the o rgan  to be c h a r a c t e r i z e d  more  object ively  [5]. An impor tant  a s -  
pect  of this p rob lem is  the h i s tomet r i c  study of changes in the state of the a r t e r i o l e s  and cap i l l a r i e s  of the 
g lomerul i ,  the number  of functioning and nonfunctioning glomerul i ,  their  d imensions ,  total  volume, and other  
morphologica l  changes in the kidneys.  

One of the va r i an t s  of morphomet r i c  investigation of the kidneys used by the w r i t e r s  was as follows. 
After  weighing of the kidney, a longitudinal incision was made through its  cen ter  f rom the l a t e ra l  surface  
toward the hilum. A g lass  plate was placed ori the incised surface  of the kidney and the outl ines of the kid-  
ney and cor tex  were  drawn on it (with dye or  ink). These outl ines were  then t r a n s f e r r e d  by means  of t rac ing 
paper ,  followed by carbon paper ,  to thick pape r  (Fig. 1). The drawing of the kidney was then cut out along 
i ts  outlines,  the cor tex  was cut out separa te ly ,  and the pa r t s  were  weighed sepa ra te ly  on analyt ical  sca les .  

Knowing the absolute weight of the kidney without the capsule  (Pk), the weight of paper  cor responding  
to the sect ion through the whole kidney (Pk), and that cor responding  to the cor tex  (Pc), the propor t ion  of the 

absolute weight of the kidney cor responding  to the co r t ex  (Pc) 
! 

2 2 o ~  

Fig. 1. D iag ram of longitudinal and 
t r a n s v e r s e  sect ions  through k id-  
neys:  out l ines of kidney with c o r -  
tex and medul la  in midl ine longi-  
tudinal sect ion (1); t r a n s v e r s e  
block of kidney r e s e c t e d  at level  of 
va scu l a r  bundle (2); outl ines of 
t r a n s v e r s e  section at level  (2a). 

was de te rmined  (in g r ams ) :  

Pc = p,.. P__c 
K Pk" 

The r e l a t i ve  weight (q) of the kidney cor t ex  was de te rmined  
by weighing 1 c m  3 of cor t i ca l  t i ssue excised  by means  of a spe -  
c ia l  knife, consis t ing of two para l l e l  r a z o r  blades fixed at a d i s -  
tance of 1 cm [1]. F [ o m  the absolute weight of cor tex  and i ts  
r e la t ive  weight (in g / c m  3) the volume of cor t ica l  substance of 
the kidney was determined:  

The next stage of the invest igat ion was  the h i s tomet r ic  
study of the t r a n s v e r s e  section through the whole th ickness  of the 
kidney (at the level  of the vascu la r  bundle). For  convenience of 
p rocess ing ,  two blocks were  p r e p a r e d  (Fig. 1). The number  of 
vis ible  g lomerul i  was counted in 20 fields of vision in each s ec -  
tion and the mean value for  one field of vis ion de termined.  How- 
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ever,  to determine the true number of glomeruli  in the kidney, data for the diameter  of  the glomerulus  and 
thickness of the sections must  be available. 

The long and short  d iamete r s  of the glomeruli  were determined in two ways:  1) by means  of an ocular  
mic rome te r  (one division of which on the MBI-3 microscope ,  with a magnification of 56 t imes,  cor responds  
to 14 ~); 2) with an ocular  measur ing  grid for cytohis tos tereometr ic  r e s e a r c h  [1], giving the mean number 
of points corresponding to one glomerulus,  f rom which its mean a rea  could be determined (Sgl). With a 
magnification of 56 t imes,  each point of this grid corresponded to 4100 #z. The mean diameter  of the g lo-  
:merulus in this case was calculated bv the formula:  

4 ~ , | ~ - V ~ g g e . .  

To determine the visible number of glomeruli  in 1 cm z of kidney tissue lying in the section (Nvis), the 
number of glomerul i  (Nfv) counted in the field of vision (fv) must  be multiplied by the number (n) of fields of 
vision studied under the magnification stated above: 

1 cm 2 1 cm z 
n =  S f  v - -  1 ,2  m m  z=83 fv. 

nDSfv 3.14.1,252 ) 
S l y =  4 -- 4 --1: 2mmz , 

Nvis, in1 cmZ= Nfv -83. 

The true numberof  glomerul i  in a sect ion of kidney t issue 1 cm 2 in a rea  is determined by the equa-  
tion: 

Ntrue �9 H 
Ntrue in lcm2-  D q-  H , 

where H is the thickness of the section (in cm); D is the mean diameter  of the glomerulus (in cm). The true 
number of glomeruli  in 1 cm 3 kidney t issue was calculated by the equation: 

z 1 Ntruein 1 cm 3 = Ntruein 1 em .-~-, 

where 1/H is the number of sections of that par t icular  thickness forming 1 cm 3 kidney tissue. 

The number of glomeruli  in the whole renal  cor tex was determined by the equation: 

N=Ntm e ,in lcm3.Vc , 

where Vc is the volume of cor t ica l  substance. 

The total number  of glomerul i  in the kidney was calculated separate ly  for functioning and nonfunction- 
ing (hyalinized and sclerosed).  

The volume of one glomerulus  (v) was determined by regarding it as an ellipsoid of rotation, the true 
dimensions of which could be determined if the difference between the long and short  d iameters  of sections 
of the ellipsoid was small  - A/B -< 1.2, where A is the long and B the short  d iameter  of the sections - by 

means of the equation: 

where ~ r ep re sen t s  the geometr ic  mean value of the d iameters  (the geometr ic  mean i sequa l  to the square 
roo t  of the product of the mean values of the long and short  diameters) .  However, A and B are not the true 
d iameters  of the ellipsoid, but the d iameters  of its section, and their use in the calculat ions cannot re f lec t  
i ts t rue dimensions.  To obtain an equation reflect ing the true volume of the glomerulus  of the kidney, with 
a cor rec t ion  for the plane of section, the formula for the volume of an ellipsoid must  be converted to a 
formula for a sphere,  which can easi ly be done by replacing the geometr ic  mean value of the long and short  
d iameters  A ~  by Ds (the d iameter  of a sphere), in which case v = (~r/6) �9 D3s �9 Allowing for the relationship 
between the geometr ic  mean for the long and short  d iameters  of section of the ellipsoid (d) and the mean-  
square  diameter  of a sphere (]5) [4], and also the method of using inverse d iameters  [3], according to which 

= (7r/2) �9 d, the final equation for calculating the true volume of the renal  glomerul i  assumed the following 

form:  

8 4 8  



_ - -  D 3 =-~-  V ~ "  _ - ~ ( V ~ )  ~ or o _ 4 8 .  s 

(the d i ame te r  being de te rmined  by means  of the ocular  measu r ing  grid). To c h a r a c t e r i z e  the functional 
s tate  of the kidney the total  volume of all  g lomerul i  was de te rmined  (Vto t = v .  Ntrue in 1 cm'~). 

The second method of de termining  these p a r a m e t e r s  which was tes ted also consis ted of seve ra l  s tages .  
Volume ana lys i s  of the s t ruc tu r e s  based  on D e l e s s e ' s  c l a s s i ca l  method cons i s t s  of  dividing the kidney by 
horizontal  pa ra l l e l  planes into a s e r i e s  of blocks not exceeding 0.5 cm in thickness .  Fo r  this purpose  the 
kidney is p laced with i ts  convex surface  u p p e r m o s t  and the vascu la r  bundle beneath. Each block was e s t i -  
mated  with the aid of a modificat ion of Glagolev ' s  "fields" method [2], in which an enlarged va r i an t  (up to 
10 x 5 era)of  the ocular  gr id was p r e p a r e d  on the film. The number  of points cor responding  to the whole 
a r e a  of section of the kidney block (nk) and for the cor tex  sepa ra te ly  (nc) was counted. The r e su l t s  of in-  
vest igat ion of all  the kidney blocks were  added together .  The ra t io  between these numbers  of points g ives  
the specif ic volume of cor t i ca l  substance (r The volume of co r t i ca l  substance (Vc) of the kidney was  
equal to the volume of kidney (Vk) , de te rmined  f rom the d i sp lacement  of water ,  mult ipl ied by the specif ic 
volume of cor t ica l  substance (~0c). The volume of the medulla ,  pelvis ,  and blood v e s s e l s  could be calculated 
in a similar way. 

Histometry was used to determine the total number of points corresponding to all structures of the 
section of kidney tissue (kk) and the number of points corresponding to the glomeruli (kgl) separately, by 
means of the ocular measuring grid [I]. The ratio kgl/k k gives the specific volume of the glomerulus, from 
which the total volume of the glomeruli of the kidney could be obtained by the expression ~ 

V t o t  =Vc-q~ c.  

Hence, the total  number  of g lomerul i  of the kidney (N) is  given by 

Vtot 
N - -  

~ c  " 

It is thus des i r ab le  to use the following indices for morphomet r i c  invest igat ions of the kidneys: 1) the 
weight of the kidney in g r a m s ;  2) the weight of paper  cor responding  to the outl ines o f  the kidney;: 3) the 
weight of pape r  cor responding  to the section through the cor tex;  4) the weight of cor t ica l  substance of the 
kidney (in g rams) ;  5) the specif ic g rav i ty  of the co r t ex  (in g/cm3); 6) the volume of cor t ica l  substance (in 
cm3); 7) the number  of g lomerul i  in a s tandard field of vision;  8) the mean  number  of g lomerul i  in the f ields 
of vision; 9) the mean long and shor t  d i a m e t e r s  of  the g lomerul i  (in cm);  10) the mean a r e a  of the g l o m e r u -  
1us in the section (in cm2); 11) the d i a m e t e r  of a field of vis ion (in ram); 12) the a r e a  of a field of vision (in 
mm2); 13) the number  of fields of vision;  14) the v is ib le  number  of g lomerul i  in 1 em 2 of kidney t issue;  15) 
the t rue number  of g lomerul i  in 1 e m  2 of kidney t i ssue;  16) the true number  of g lomerul i  in 1 c m  3 of kidney 
t i ssue;  17) the th ickness  of the his tological  section (in c ~ ) ;  18) the total  number  of g lomerul i  in 1 c m  3 of 
kidney t i ssue;  19) the volume of a g lomeru lus  (in ~z3); 20) the total  volume of all g lomerul i  of the kidney. 

It was shown by these methods that  the no rma l  adult human kidney contains about 2.5 mil l ion g lome-  
rul i  with a d i ame te r  Of about 160 p, and the i r  volume is 8 �9 106 ~3. The total  volume of the g lomerul i  of the 
kidney amounts  to 20" 10 ~/~3. 

Together  with other  methods of his tological  invest igat ion of the kidneys, ana lys is  of these quantitative 
p a r a m e t e r s  c h a r a c t e r i z i n g  the state of the g lomerul i  makes  it poss ib le  to e s t ima te  the dynamics  of ce r ta in  
pathological  p r o c e s s e s .  For  example ,  the use  of va r i an t s  of morphomet r i c  invest igat ion desc r ibed  above 
es tab l i shed  that in different  f o rms  of hyper tens ion the weight of the kidneys c o r r e l a t e s  in a definite manner  
with the volume and number  of the g lomerul i .  
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