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After the third lunar month, two distinct zones are recognizable in the wall 
of the cerebral hemisphere (fig. 1) -the deep zone, or centrum semiovale (CS), 
surrounding the corpora striata and the lateral ventricles and encased in a dense 
wickerwork of interlacing fiber bundles, and the superficial zone, or corona ra
diata (CR), with the cortical plate covering it. The reticulate wickerwork of 
libers (CS), which surrounds the lateral ventricle and the corpus striatum, ap
pears earlier and develops more rapidly than the radial fibers of the corona ra
diata. However, from about the fifth lunar month to term, with the continued 
growth of the hemisphere and surface expansion of the cortical plate, the corona 
radiata begins to gain in the tempo of growth and after birth exceeds, in both 
mass and in the width of cross section, the centrum semiovale in the core of the 
hemisphere. 

The two zones differ not only in histoarchitecture, but also in the pattern of 
vascularization and in the hemo<lynamics of blood circulation. The centrum se
miovale is supplied by the short circumferential arterial branches arising proxi
mal to the origins of the three main cerebral arterial trunks. These short circum
ferential or lenticulo-striate arteries sprout earlier than the distal branches and 
are terminal arteries, without anastomoses. 

The superficial zone is supplied by long circumferential branches of the 
main cerebral arteries (Klosovskii, vander Eecken) . These branches develop 
later to supply the cortical plate and white matter of the corona radiata \fith 
abundant anastomoses in the cortical "border zones" between the terminal 
branches of the three main arterial trunks (Lindenberg and Spatz) . However, in 
the zone of architectonie demarcation between the centrum semiovale and the co
rona radiata, the two arterial systems do not anastomose except through the cap
illary bed. 

This stud}' was supported hy :-.1H Grant .\'B--03190. (Scheduled but not presented at the con• 
[erence) 
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68 PHYSICAL TRAUMA IN MENTAL RETARDATION 

,4 C 

FIGURE 1.-Architectonic zones of the white matter in the wall of the cerebral 
hemisphere at four fetal months. 
a: immediately anterior to the frontal horn of the lateral ventricle; b: at the 
level of hemispheric stalk and thalamus; c: the level of the occipital horn. 
A bbreviations: 
BZ-architectonic demarc;i tion (or border zone) between CR-corona ra· 
diata and CS-centrum semiovale; CP-corticaJ plate; LZ-lamina zonalis 
(marginal layer) . 

The pattern of di sposition of veins draining the two zones of the brain wall 
is also different (Schles inger, Klossovsky) . This is shown in Schlesinger·s dia· 
gram (figs. la and b). The veins of centrum semiovale (internai cerebral veins) 
exhibit ear ly and rich anastomoses and drain into the vein of Galen (Padget) . 
The veins o[ the corona radiata develop later. These are straight veins coursing 
radially through the white mauer of the cerebral hemisphere (fig. 2) and ha\'e 
few anastomoses in their course. They drain the corona radiata and cortex into 
the richly anastomosed superficial plexus of the superior cerebral veins. Between 
the deep and the superficial systems of cerebral veins there are large intramural 
anastomotic channels that penetrate the elllire width of the brain wall and per· 
mit a rapid shunt o[ venous blood between the two systems of the cerebral veins. 
These intramural anastomotic veins are di sposed concemrically (fig. lb) , in 
planes roughly tangemial to the plane of the dense wickerwork o[ fiber bundles 
(fig. 3) which capsulate the centrum semiova le and dema rca te it from the corona 
radiata. In thi s border zone (BZ), the vasculature o[ the two architectonicall)' 
di stinct layers of the brain wall consists mai nly of the capi llar ies and small arter· 
ies and veins with only few and sparse anastomoses. 

It is significa nt that extensive hypoxi e leucomalacias in the premature and 
nonviable neonate occur most oftc n in th e dee p zone ami do not extend beyond 

Digitized by Goog le 
Association ATIDE 

Centre de Documentation ARIANE



EPIDEMIOLOGY 69 

::: 1' 
I 

,j' J 6 

.. 1, 

t.t 
f'I -~ 

j 

• 
~~ 
~ f 
" 'c: 'I. ~ J :i 0 6 

V) " , 
li 2 1 

" .. 

1'4.1 \.1 
dl I 

- -,-
I 

·! .. t 
~ ~ 

..: t ... ,) 

" ~ .. t. 
~ ., ... 

. --
J 

' IZ 

a. b. 

F1cuRE 2.-Diagrams of anastomotic shunts between the deep and the superficial 
systems of cerebral veins. (Adopted from Schlesinger) . a: A long circumfer
ential (superficial) artery and a superficial cerebral vein are represented at 1 
and 2; a short circumferential (deep) artery and a deep cerebral vein are 
represented at S and 4; the penetrating branches of these arteries and veins 
are represented respectively at 5 and 8 and at 6 and 9. Large intramural and 
extramural (superficial) anastomotic channels at 10 and Il provide for a 
rapid shunt of blood between the two systems of veins. The radial veins (at 
6, see also fig. S) drain the corona radiata and cortex, and a few long trans
mural veins, such as at 7, drain the centrum semiovale (striatum) into the 
superficial veins. However, the centrum semiovale is drained mainly via 
deep veins such as at 9. In the transition zone (BZ) , between the centrum 
semiovale and corona radiata, the anastomoses between the two systems of 
veins, such as at IS, are few and sparse. b: Schematic represention of the 
system of large intramural anastomotic veins disposed in the brain wall in 
three concentric tiers: these provi<le for a rapid shunt of blood between deep 
and superficial systems. The outermost tier of anastomotic veins represented 
in the white malter of the corona radiata at 5 and 5' connects the superficial 
Sylvian vein (10) and superior longitudinal sinus (12) with the system of 
deep (internai cerebral) veins (2, S. 4) and vein of Galen (1); the intenne
diate tier of the external lenticular veins (6 and 8) and the innermost tier 
of the internai lenticular veins (7 and 9) in the core of the brain connect 
the basal Sylvian vein (11) with the system of deep cerebral veins. Note that 
each tier of these intramural anastomotic veins corresponds to a different ar
chitectonie layer in the wall of the forebrain (corona radiata-centrum se
miovale-core) ; the anastomoses between tiers are few and the shunt of blood 
across the layers is minimal, mainly through the capillary bed of the brain 
wall. 
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70 PHYSICAL TRAUMA IN MENTAL RETARDATION 
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FIGURE 3.-Long radial veins of the corona radiata. Note absence of tangential an
astomoses. (From Larroche, 1964, fig. 4 in Biol. Neonat. 7: 26-56) 
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EPIDEMIOLOGY 71 

FIGURE 4.-"Gross hemorrhage" (hm) in the matrix of the ganglionic eminence 
in a stillborn at 24 fetal weeks. Note extensive liquefaction necrosis (ln) of 
the centrum semiovale (CS), limited sharply by the architectonie demarca
tion zone (BZ) and sparing the corona radiata (CR) (Cf. the converse in 
fig. 5a) 

the border zone of fihroarchitectonic demarcation between the centrum semiov
ale and the corona radiata (fig. 4). It is a notable fact that small foci of leucoma
lacias ("white spots") described hy Banker and Larroche in morihund neonates 
occur in this deep ("periventricular") zone. Conversely, infarcts and hemor
rhages in the cortical plate and corona radiata are exceptional in stillborn pre
matures under 1J6 fetal weeks; they become common in this superficial zone and 
often spare completely the centrum semiovale in term infants, particularly those 
with histories of birth trauma. This is illustrated in out" fig. 5a, and even more 
explicitly in Dr. Kemper's paper (see his fig. 5b) in this symposium. 

In this connection, it appeared of interest to inquire as to the frequency of 
occurrence, degree of severity, and topographie distribution of the terminal he
morrhagic extravasates in the brain wall in the stillborn premature and nonvia
ble neonates. 

Method 

Standard, whole-brain serial sections of 226 autopsy specimens were studied. 
Hemorrhagic extravasates in the brain wall were classified as follows: 
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72 PHYSICAL TRAUMA IN MENTAL RETARDATION 

FIGURE 5-a. 
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F IG URE 5-b. 
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EPIDEMIOLOGY 73 

FIGURE 5.-a: Granular atrophy of the cortex, with severe atrophy of the corona 
radiata (CR) and of corpus callosum, and preservation of the projection 
fibers in the centrum semiovale (CS) in a 52-year-old mentally retarded male 
with history of "difficult birth." (See also fig. 5b in Dr. Kemper's paper in 
this symposium) b: Normative anatomical control section in the same plane 
and at the same level of the hemispheres as in a, from the brain of a 67-year
old competent housewife who was in good health, until death of a coronary 
occlusion. Note that in a, as compared to b, the width of the brain wall be
tween the lateral ventricles and cortical plate is reduced almost entirely at 
the expense of the width of the corona radiata. 

FIGURE 6.-"Gross hemorrhage" in the ganglionic eminence. 

Blood extravasates recognizable as such on simple inspection of translumi
nated slides, classified as gross hemorrhages (fig. 6) ; 

Blood extravasates recognizable under low-power dissecting microscope at 
6X magnification, classified as small hemorrhages; 

Blood extravasates recognizable only under 3.5 mm objective of a compound 
micro~cope, classified as simple extravamtes (fig. 7). 

From every 10th to every 20th section of each whole-brain series of sections 
were examined. The position and size of extravasates in the brain wall are being 
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FIGURE 7.-"Simple hemorrhagic extravasate." 

plotted. The study of quantitative distribution of extravasates with regard to 
their site, size, and the fetal age is in progress. The following is a preliminary 
report of our findings. 

Results 

Frequency of hemorrhages is shown in Table 1: 
TABLE 1. 

Simple extravasates only .......... . 

S mall hemorrhages and simple extravasates .. 

Gross and small hemorrhages and simple 
extravasates . . 

TOTAL 

. 131 (5 8 ~, 

. li (1 2 ~, 

. 68 (3 QI) 

226 (IOOI) 

AU these hemorrhages arose in the veins. In none of the specimens was there 
evidence of durai tears, thromboses of sinuses, subdural hematomas or primary 
subarachnoid hemorrhage. 

Topographie distribution in the brai11 wall. Of the 68 gross-hemorrhaged 
specimens, 62 had hemorrhages in the certrum semiovale; 35 of these arose in the 
matrix layer. In only six specimens (2.6 percent of the group) were they located 
in the superficial zone (corona rad iata) of the brain wall. 
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EPIDEMIOLOGY 75 

The small hemorrhages showed a wider distribution in the brain wall. They 
were most frequent in the matrix layer and in the deep zone and least frequent 
in the superficial zone. 

The simple hemorrhagic extravasates were present in the brain wall of all 
226 specimens without exception, and showed the least discrete predilection for 
the deep zone. 

Fetal age and location of hemorrhages in the brain wall. Of the 116 speci
mens in the fetal age-range from fifth to seventh lunar month, gross hemorrhages 
occurred in 52 (44 percent) . Of the 110 specimens in the age-range from the 
eighth lunar month to term, gross hemorrhage showed in only 16 specimens 
(14.5 percent of this older age group). 

The gross hemorrhages in the younger age group were all in the deep zone; 
31 (59.6 percent) were in the matrix layer. In the 16 specimens of the older 
group, gross hemorrhages were present in the deep zone in 10 (62.5 percent); in 
the other six they were located in the corona radiata and cortical plate. Table 2 
gives the distribution of the gross hemorrhages by age and location in the two 
architectonie zones of the brain wall. 

TABLE 2. 

LOCATION OF GROSS HAEMORRHAGES IN THE BRAIN WALL WITH REGARD 
TO FETAL AGE IN 68 STILLBORN AN> NON-VIABLE NEONAlîS 

FETAL AGE NO. OF CASES LQCAIIQ~ rn THE BRAIN WALL 
' CENTRUM SEMI OVALE 1 CORONA RADIATA 
' 

5th Month 16 16 1 
1 

0 
--------- --------- ~-------------,------------

6th Month 18 18 1 0 
1 --------- --------- ~-------------+------------

7th Month 18 18 1 0 
1 --------- --------- -------------,------------

8th Month 8 6 ' 2 
~-- - --- -- ---------- ' ---------------------------

9th Month 5 3 
1 

2 1 ~-------- - --- ----- --------------~------------
10th Month 3 1 ' 2 

1 

1 

TOTALS: 68 62 1 6 
' 1 

Table 3 gives the location of small and gross, single- and multiple-site hem
orrhages in the periventricular matrix of 134 specimens. Single-site periventricu
lar hemorrhages occurred in 65. In two specimens the hemorrhages were in the 
wall of the frontal ; in three, the occipital; and in two, the temporal horns of the 
lateral ventricles. In 58 specimens (90 percent) they were located in the gang
lionic eminence at the level of the foramen of l\lonro. Of 69 multiple-site hemor
rhage specimens, 24 had hemorrhages at the level of the foramen of l\lonro and 
cella media; 21 in the walls of the frontal; 12 in the occipital; and 12 in the 
temporal horns. 
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76 PHYSICAL TRAUMA IN MENTAL RETARDATION 

TABLE 3. 
LOCA Tl ON OF SINGLE-SITE AND OF MULTI PLE-S ITE HEM ORRHAGES 

IN THE MATRIX LAYER 

LOCATION 

Foramen cl Monro 

Frontal Horns 

Occipital Horns 

Temporal Horns 

TOTALS 

SINGLE SITE 

58 specimens 

2 

3 

2 

Il 

Il 

MULTIPLE SITE 

24 speci mens 

21 

12 

12 

Il 

Il 

65 specimens 69 specimens 

DISCUSSION 

TOTALS 

82 specirnens 

23 Il 

15 Il 

14 

134 specimens 

Terminal hemorrhages in the brain wall of stillborn premature and nonvia• 
hie neonates who die soon after birth are common autopsy findings (!.arroche). 
They are generally attributed to failure of circulation and are of little interest to 
either the pathologist or the clinician. 

Nevertheless, they are meaningful as indices of the differential, age-linked 
vulnerability of the two histogenetically and architectonically different zones of 
the brain wall to the effects of circulatory failure at different stages of brain de• 
velopment. We shall discuss these hemorrhages in the context of the topographie 
anatomy and development of these zones of the brain wall. 

Rückensteiner and Zôllner, Grunewald, and more recently, Larroche showed 
that these terminal hemorrhages occur most frequently in the periventricular ma• 
trix and are associated with stasis and sometimes thrombosis of the deep cerebral 
veins. They may be associated with massive intraventricular hemorrhages which 
may extend from the ventricles into the subarachnoid spaces (Larroche) . Our re
sults fully confirm these observations. As pointed out by Larroche, the most vul
nerable area is near the foramen of Monro where the periventricular tributaries 
from the corpora striata and centrum semiovale to the paired internai cerebral 
veins change the direction of flow at a sharp angle into the median vein of 
Galen. The results presented in Table 3 support this mechanical interpretation. 

The results of our survey presented in Table 2 indicate that, up tci the 
eighth month of fetal life, there is a gradient in the frequency and severity of 
brain hemorrhages reaching its height in the matrix and deep zone of the brain 
wall, i.e., in the ganglionic eminence and centrum semiovale, and decreasing to
ward the corona radiata and cortical plate. However, from the eighth month to 
term there is an apparent inversion of this gradient, corresponding to the great 
acceleration in the tempo of growth in mass and development of the superficial 
zone of the brain wall, i.e. of the cortical plate and of the corona radiata. 

The deep zone grows and differentiates most rapidly from the fifth to the 
eighth fetal month . After the eighth month the corpora striata and centrum se
miovale heg-in to lag in growth as compared to the rapid expansion of the corti
cal plate and increasing width of the corona radiata, growing at the expense of 
the juxta\'entricular zone of the hrain wall arnl periventricular matrix, which 
becomes nearly exhausted at tenn. 
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EPIDEMIOLOGY 77 

An entirely different and much wider spectrum of factors cornes into play in 
the hemorrhages, thromboses, and encephalomalacias occurring in the brain wall 
of fetuses and neonates near term and after birth. The increased demand on the 
blood supply by the rapidly developing cortical plate and white matter of the co
rona radiata is only one, more general, of these factors. Recause of its sheer bulk 
and externat position, the superficial zone of the brain wall becomes vulnerable 
to the effects of pressure and mechanical trauma to the head and neck at birth. 
Near term, not only circulatory failure with its corollaries of stasis and thrombo
sis of the deep cerebral veins but also arterial cerebral infarcts (unknown before 
the eighth fetal month [Manterola, et al]) begin to occur. Those in the superfi
cial zone of the brain wall are compatible with a long postnatal survival. The 
encephalomalacic lesions occurring in the superficial zone (corona radiata), such 
as granular atrophy of the cerebral cortex (ulegyria) and circumscribed porence
phalic defects in the brain wall, sparing the basal ganglia and dense fiber systems 
of the centrum semiovale, are a common autopsy finding in various clinical mod
alities of "cerebral palsy" and mental retardation (fig. 5) . 

Summary and Conclusion 

The terminal hemorrhagic extravasates are a constant finding in all prema
ture stillbirths and are venous hemorrhages, small or large. In the stillborn fe
tuses under the eighth fetal month they occur almost exclusively in the matrix 
layer and centrum semiovale, and are exceptional in the corona radiata and cort
ical plate. After the eighth fetal month the deep zone becomes Jess vulnerable to 
the circulatory disturbances, while the vulnerability of the superficial zone of the 
brain wall increases. The two architectonie zones of the brain wall provide the 
pathologist with a descriptively useful and, probably, pathogenetically important 
anatomical reference for a survey and study of the perinatal pathology of the 
brain. 
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