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The absolute number  of neurons  and thickness of the cortex were 
studied in a reas  6, 10, 18, 21, 21/38 and 40 and in the subieulum of 
menta l ly  healthy persons  of different  ages and in pat ients  with seni le  
and vascu la r  dement ia  or with P i ck ' s  or A lzhe imer ' s  d isease .  In old 
age the mean  absolute number  of neurons  in menta l ly  healthy persons  is 
reduced by 20%, while the thickness  of the cortex on the free surface 
of the gyri  r ema ins  unchanged. In persons  with seni le  and vascu la r  de-  
ment ia  the number  of nerve  ce l l s  is reduced by 35-38 %, but there  is no 
dec rease  in the th ickness  of the cortex on i ts  free surface.  In A lzhe imer ' s  
d i sease  the number  of nerve  cel ls  is reduced by half and the thickness  of 
the cortex by 6% o P ick ' s  d i sease  is charac te r ized  by mass  death of nerve  
ce l l s  in the affected a reas ,  leading to a reduct ion of 14-30 in their  num-  
ber ,  and to a decrease  in thickness  of the cor tex by half. The subicular  
cor tex thickness  in old age is reduced by 28 % and in d i seases  leading to 
dement ia  by 47-71%. 

It is generally considered that in old age and, in particular, in diseases leading 
to dementia some of the nerve cells in the cortex die, as a result of which atrophy 
of the brain develops and its cortex becomes thinner. However, it is not known 
which portion of the total number of nerve cells dies or whether there is a relation- 
ship between the severity of diseases leading to dementia and the number of nerve 
cells found in the cortex. I found no reference to any- investigation in which the 
absolute numbers of nerve cells in the cerebral cortex were compared in young and 
old or in patients with various types of dementia. Methods of determining the abso- 
lute number of nerve cells in the cerebral cortex are also undeveloped; I know of 
three papers describing studies of the thickness of the cortex and its layers 
during normal aging of the brain, but of no similar study of the dementias. 
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Dalakashvil i  (1) concluded that in all  areas  (1, 4, 9 and 19) the cortex thickness in 
the middle-aged is reduced by 1-4% and in old persons  by 2 .7 -10 .7% compared 
with the b ra in  of a man aged 35 years  used as the control  (one case~. S1~einina (2) 
who measured  the thickness of a rea  45 in persons  7 to 105 years  old found that the 
cor tex becomes th inner  in old age. However, her value for the thickness of the co r -  
tex in a pe rson  105 years  old (2.34 mm) l ies  within normal  l imi t s  (2 .5 -2 .3  ram) as 
given in (3). Haug (4) states that there  is no difference in the thickness  of the co r -  
tex and its l ayers  in a reas  17 in persons  15 to 75 years  old. Unfortunately these 
workers  do not descr ibe  the cor t ical  surface where the measu remen t s  were made. 

The objective of my invest igat ion was to calculate  the ra t ios  between the abso-  
lute numbers  of nerve cel ls  in layer  III of ce r ta in  cor t ical  a reas  of the b ra in  and to 
measu re  the thickness of the cortex and its l ayers  in the same areas  in the follow- 
ing groups: 1) young persons  f rom 19 to 28 years  old with no mental  d isease  and 
dying from accidental  causes  (5 persons) .  This  group will subsequently be named 
the control;  2) ten menta l ly  healthy old persons  (mean age 77 years) ;  3) six 
pat ients  (mean age 79 years) who suffered from seni le  dementia;  4) six persons  
(mean age 71 years) in  whom a vascu la r  dement ia  had been diagnosed cl inical ly;  
5) six patients (mean age 67 years)  with Alzhe imer ' s  d isease;  6) six patients (mean 
age 55 years) with P i ck ' s  d isease .  In two pat ients  with P i ck ' s  d isease  only the 
t empora l  lobes were affected; in the other four pat ients  the frontal  and tempora l  
lobes were affected. 

The b ra ins  were fixed in formalin,  embedded in celloidin, and sect ions were 
stained by Niss l ' s  method. The ra t ios  between the absolute numbers  of nerve  cel ls  
in  layer  III of the free cor t ica l  surface  of the left hemisphere  were de termined in 
a reas  6, 10, 18, 21, 21/38 and 40 and also in the s u b i c u h m  (the archicor tex  in the 
depth of the hippocampal f issure) .  

To calculate  the absolute number  of nerve cel ls  in cor t ical  l ayer  III in a given 
a rea  it is nece s sa ry  to know the volume of this layer  (V) and the mean  number  of 
cells  (a) in a known volume of this layer  (v). Clear ly  the absolute number  of nerve  
cel ls  (A) in layer  III of the a rea  studied can be expressed by the equation: 

A =  V--- • a 
V 

V can be calculated by the equation: 

V = L •  

where L is the length of the layer;  M its width; H its  height. The volume of b ra in  
substance in one field of v is ion of the sect ion under  constant  magnif icat ion was taken 
as v. Its value is found by the equation: 

v = S •  

where S is the a rea  of a field of v is ion of the microscope  under  constant  magnif ica-  
t ion; h the thickness of the sect ion in the same field of vision.  The number  of nerve  
cel ls  (a) is then counted. By subst i tut ing the values of V and v in the equation for 
calculat ing the absolute number  of nerve cells  it  assumes  the following form: 

A = V x a  L x M x H  
v S Y h  x a  

However, to compare  absolute numbers  of nerve  cells  in the var ious groups of 
subjects ,  an equation can accordingly be deduced. Assume that the absolute n u m -  
be r  of nerve  cel ls  in one par t icu la r  group of subjects  is A t (all t e r m s  in the equa- 
t ion are marked by the cor responding  subscr ip t  1), and that the absolute number  
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in  the group taken for compar i son  is A 2 (all other t e r ms  are  given the cor responding  
subscr ip t ) .  The equation for de te rmin ing  the ra t io  between the absolute number  of 
ne rve  cel ls  (K) will  then be: 

) K = A i:A 2= Vl •  a i : • a2 V2• a2• Vl. 

By subst i tu t ing the values of V and v in  the equation it a s sumes  the following form: 

K = (Li • M1 • Hi) • al • (S2 • h2) 
(L 2 • M 2 • H 2) • a 2 • (S i • hi)" 

Since S is  a constant ,  the final equation is: 

K =  L1 • MI• a l •  h2 
L 2 • M 2• H 2 • a 2• h l" 

To calculate  the ra t ios  between the numbers  of nerve  cel ls  in the groups of 
subjects  it  is essen t ia l  to know the length, width and thickness  of l ayer  III of the 
cor tex  a rea  invest igated,  the mean  number  of nerve  cel ls  in the microscopic  field, 
and the mean  thickness  of the sect ion where the nerve  cel ls  were counted. Evidently 
the width and length of the free surface of l ayer  III in a pa r t i cu la r  gyrus are  d i rec t ly  
propor t ional  to i ts  width and length. The ra t ios  between the length and width of 
the gyri  of a given a r ea  of cor tex will thus be equal to the same ra t ios  between the 
width and length of the free sur face  of l ayer  III. When the value of K is de te rmined  
for the cor tex a rea  and not for an individual  gyrus,  the number  of gyri  in  that a rea  
mus t  be taken into account.  However, s ince the number  of gyri  in the b r a i n  is on 
the average constant,  and evidently unchanged with age, it was decided that this 
value could be d i s regarded .  Simple calcula t ion shows that the length of a wavy l ine 
(the gyri  have approximately this form) var ies  d i rec t ly  proport ional ly  to the d i s -  
tances  between the ex t reme points of the wavy Hne perpendicu la r ly  to the axis.  The 
ra t ios  will  thus be equal to the ra t ios  between the lengths of the corresponding wavy 
l ine .  To judge the length of the gyri,  three  basic m e a s u r e m e n t s  were used: 1) the 
shor tes t  d is tance from the frontal  pole (the most  an te r io r  point) to the p recen t ra l  
gyrus  at the level  of the f i r s t  frontal  f i ssure .  This dis tance is  a sufficiently object-  
ive c r i t e r i o n  of the change in length of the frontal  gyri;  2) the shor tes t  d is tance 
from the frontal  pole to the occipi tal  (after deduction of the preceding value from it). 
This  was used as the c r i t e r i o n  of a change in length of the occipi tal  and par ie ta l  gy r i ;  
3) the shor tes t  d is tance from the tempora l  to the occipital  pole. This  value was used 
to es t imate  changes in length of the tempora l  gyri .  To de te rmine  the mean width 
of a gyrus or of the gyri  of a pa r t i cu la r  lobe (NI) the width of all  gyri  of the frontal  
lobe and tempora l  lobe and of the supramarg ina l  and p recen t r a l  gyri  was measured .  
Up to 400 such m e a s u r e m e n t s  were made on the left hemisphere  of each bra in .  The 
th ickness  of l ayer  III (H) on its free surface  was measured  in histological  sect ions 
under  the mic roscope  by an ocular  m i c r o m e t e r .  Under a magnif icat ion (90x7~1.5) 
the nerve  cel ls  were counted in 20 fields of v is ion of layer  III~ of the free cor t ica l  
sur face .  The mean  number  of nerve  cel ls  (a) in the field of v is ion  was de termined.  
The fields of v is ion  counted formed a continuous se r i e s .  Only those nerve  cel ls  in 
which a nucleus  and nucleolus could be dis t inguished were counted. In each field of 
v i s ion  in which the number  of nerve  cel ls  was counted th ickness  of the sect ion was 
measu red .  The mean  thickness  of the sect ion was then calculated (h). To de te r -  
mine  the th ickness  of the sect ion the upper and lower points of the sect ion were 
focussed and the dis tance measu red  by the ve rn i e r  of the m i c r o m e t e r  screw. As a 
r e s u l t  of these m e a s u r e m e n t s  values expressed in different  units  of m e a s u r e m e n t  
were obtained. It is unnecessary to reduce them to the same metric unit, however, 
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for in accordance with the equation derived it is the ra t io  between these values 
which mat t e r s ,  and this would be unaffected by the introduct ion of the same co r -  
rec t ion  factor into both numera to r  and denominator .  All the data were thus ob- 
tained for calculat ing the ra t ios  between the absolute numbers  of nerve  cells  in 
different  groups in the cortex.  

In the equation for de te rmin ing  the absolute number  of nerve  cel ls  in area  6 
the index (M) reflected the mean  width of the p recen t ra l  gyrus,  while the t e rm L 
was d is regarded  for no sufficiently objective c r i t e r ion  for it was available.  In a rea  
10 the index M was taken as the mean  width of all  the frontal  gyri, and the index L 
as the dis tance from the frontal  pole to the p recen t ra l  gyrus.  In a rea  18 the index 
M reflected the mean width of all the occipital gyri, while the index L reflected the 
distance from the precentral gyrus to the occipital pole. In area 21, M represented 
the mean width of the middle temporal gyrus and L the distance from the temporal 
to the occipital pole. In area 21/38, M was taken as the mean width of the temporal 
gyri and L as the distance from the temporal to the occipital pole. In area 40 the 
factor M reflected the mean width of the supramarginal gyrus and L the distance 
from the p recen t ra l  gyrus to the occipi tal  pole. When the number  of nerve  cel ls  in 
the subiculum was de termined the factors M and L were d is regarded  and factor H 
was taken as the thickness of the cor t ica l  lamina.  

The method used is not perfect  but it  can provide approximate data for the abso-  
lute number  of nerve  cel ls  in different  par t s  of the ce r eb ra l  cortex.  

The resu l t s  obtained for the absolute number s  of nerve cel ls  in the control  and 
other groups are  given in Table 1. The corresponding data are  presented as ra t ios  
between the number  of cells  in the control  group and the number  of cel ls  in  each of 
the other groups.  

Compar ison of the number  of cel ls  in the cortex of menta l ly  healthy persons  
dying in  old age with the number  of cel ls  in the b r a i n  of the control  subjects i . e . ,  
persons  dying at the age of 19-28 years ,  reveals  a decrease  in the absolute number  
of nerve  cel ls  in old age in all  regions of the cortex.  This decrease  was par t i cu la r ly  
marked  in a reas  6 (by 22%), 10 (by 28%) and 21 (by 23%) and the subiculum (29%), 
with an average decrease  of 20% for all  regions (the index for the control  group 
was always 100%). 

In seni le  dement ia  the decrease  in the number  of nerve  cel ls  was grea te r  than 
in the previous group (on the average by 38 %). It was pa r t i cu la r ly  marked in areas  
10 (35%), 21 (by 47%) and 21/38 (by 37%) and in the subiculum (by 60%). This 
suggests  that in  this d isease  more  nerve cells  die in the frontal  and tempora l  lobes 
and in  the subiculum than in the p recen t ra l  gyrus (area 6) and the par ie ta l  and occip-  
i ta l  lobes (areas 40 and 18). 

In vascu la r  dement ia  the mean  decrease  in the number  of nerve  cel ls  was by 
35%. The considerable  decrease  (by 36 %) in the number  of nerve  cells  in the motor  
cor tex (area 6) in this d isease  is noteworthy. On the whole, the cha rac te r  and de-  
gree of the changes have much in common in seni le  and vascula r  dementia .  

In Alzhe imer t s  d isease  the decrease  in  the absolute number  of nerve cells  in 
all  regions except the subiculum was grea te r  than in the groups of pat ients  with 
seni le  and vascu la r  dementia .  The mean  decrease  in the number  of nerve  cel ls  was 
about 50%, fall ing to approximately 48% of the i r  number  in the b ra in  of the control  
group. By cont ras t  with the groups with seni le  and vascula r  dementia,  in this 
d i sease  there  is a we l l -marked  deficiency of cel ls  (a decrease  of 46% ) in a rea  40 
(the sup ramarg ina l  gyrus).  In a rea  18 the absolute number  of nerve  cel ls  was r e -  
duced by 39% and in a rea  10 by 43%. In all  regions of the cortex the number  of 
nerve  cel ls  was reduced approximately by half. 

In P ick ' s  disease the changes observed were different and consis tent .  In this 
group the mean index  across  b ra in  areas  was calculated (8.05), but is re la t ive ly  
use less  because it obscures  the local  charac ter  of the changes in this d isease .  
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TABLE 1. Ratios between Absolute Numbers  of Nerve Cells in Groups Studied 

Groups com- 
pared with 

control 

Old, mentally 
healthy persons, 

Senile dementia 
Vascular dementia 
Alzheimer's disease 
Pick's disease 

Ratios between numbers of nerve cells in control group and 
all other groups 

Cortical regions investigated 

6 i0 

1.29 1.4 
1.2 11.53 
1.58 [ 1,45 
2.04 1.74 
1.32 5.17 

l 

18 21 21/38 40 

1.16 1.3 1.14 1.18 
1.34 t . 87  1.59 1.3 
1.26 1.75 1.35 1.44 
1.65 1.96 2.02 1.86 
1.1 14.0 29.8 1.7 

subicu-  
lum 

1.41 
2.46 
1.94 
2.16 
3.26 

for all  co r t i -  
cal  regions 

1.27 
i. 61 
i. 54 
I. 92 
8.05 

TABLE 2. Mean Thickness of Cortex (in conventional units) 

Thickness  of cortex 

Group in l ayers  

Control Old, menta l ly  
healthy persons  

Vascular  dement ia  

[ I II III IV V-Vli 

3.1 2.5 11.7 3.2 19.3 39.8 

3.2 2.5 12.2 3 .4  18.6 40.0 
3.7 2.8 11.8 3 .5  18.7 40.5 

Senile dement ia  3.1 2.7 11.0 3.8 18.6 39.2 
A lzhe imer ' s  d isease  3.2 2.5 10.8 3.3 17.4 37.2 
P i c k ' s  d isease  1 3 .0  2 .4  10.2 3.5 15.3 34.4 

2 .0  1.8 7 .4  2 .4  9.3 22.9 

1Top row of numbers  --  m e a s u r e m e n t s  in cor t ica l  a reas  6, 18, and 40; bottom 
row --  m e a s u r e m e n t s . i n  a reas  10, 21 and 21/38. 

TABLE 3. Thickness  of Cortex in Subiculum (in conventional  units) 

I Group Thickness  of cortex Change compared with 
control  group, in % 

28.5 Control 
IOld, menta l ly  

healthy persons  
Vascular  dement ia  
Senile dement ia  
A l z h e i m e r ' s  d i sease  
P i ck ' s  d i sease  

20.6 
15.1 
12.8 
12.4 

8.3 

72 
53 
45 
43 
29 
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Pick's disease is characterized by mass death of the nerve cells in areas i0, 21, 
and 21/38, with a resulting decrease in the absolute number of nerve cells in these 
regions by 5, 14, and 30 times respectively. The figures obtained for the frontal 
lobe (area i0) do not reflect the true picture, for of six cases of Pick's disease 
studied a characteristic lesion in the frontal lobes was observed in only four. If 
one considers, however, only the cases with frontal lobe involvement, the decrease 
in the absolute number of nerve cells in area i0 is approximately the same as in 
area 21/38. In Pick's disease there was the greatest (threefold) decrease in the 
number of nerve cells in the subiculum. In area 40 it was greater than in senile 
and vascular dementia and was approximately the same as that observed in Alz- 
heimer's disease (a decrease of 41%). The number of nerve cells in areas 6 and 
18 in Pick's disease was the same as in the group of mentally healthy old persons, 
i. e., it was evidently within the normal limits for that age group. 

Changes in the thickness of the free surface of cortex and its layers are pre- 
sented in Table 2. The mean thickness of the cortical layers on its free surface 
are shown. The results indicate that the thickness of the cortex and its layers in 
young and old mentally healthy persons and in persons with senile and vascular 
dementia are practically identical. In Alzheimer ts disease the thickness of the 
cortex is reduced on the average by 6%. In persons with Pick's disease, on the 
other hand, in the less severely affected regions (areas 6, 18 and 40) the thickness 
of the cortex is reduced by 14%, while in the most severely affected regions (areas 
40, 21 and 21/38) it is reduced by almost half. When some of the nerve cells die 

J ,i 
~i. I ', ' I Jl 

dJl! ",,1', / :  

Fig. I. Schematic representation 
of changes in transverse section 
through gyrus. 

and the re  is  no i n c r e a s e  in the abso!ute number  
of g l ia l  ce l l s  ( these a lso  were  counted), 
t he re  is  no d e c r e a s e  in the th ickness  of the 
c o r t e x  on i t s  f ree  su r face .  A poss ib l e  ex-  
p lanat ion  of this  fact  is  that  the volume of 
c o r t e x  on the f ree  su r f ace  is  reduced  mainly  
through nar rowing  of the gy r i  (Fig.  1). In 
A l z h e i m e r ' s  and P i c k ' s  d i s e a s e s ,  however ,  
th is  evident ly  does not compensa te  for  the 
reduc t ion  in volume of the c o r t i c a l  substance,  
so that  the co r t ex  becomes  th inner .  

Measu remen t s  of c o r t i c a l  th ickness  in 
the subieulum (given in Table  3) indicate  
1) a d e c r e a s e  in the th ickness  of th is  l a y e r  in 
old, menta l ly  heal thy sub jec t s  by 28 %, in 
v a s c u l a r  demen t i a  by 47 %, in sen i le  demen-  

t i a  by 55%, in A l z h e i m e r ' s  d i s e a s e  by 57%, and in P i c k ' s  d i s e a s e  by 71% and 
2) a m a r k e d  d e c r e a s e  is  c h a r a c t e r i s t i c  of these  d i s e a s e s .  

The r e s u l t s  de sc r ibed  in th is  paper  r e f l e c t  changes in the ne rve  ce l l s  in l aye r  
III of the c o r t e x  and in the subiculum only and without ve r i f i ca t ion  they cannot be 
appl ied to o the r  l a y e r s  of the c o r t e x  o r  to o the r  reg ions  of the b ra in .  
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