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Chairman: G. Jervis, M.D. 

Cerebrospinal Birth lnjury: Types, Causes, 

Pathogenesis, Consequences, and Prevention 

By PH. Scmv ARTZ 

CEREBROSPINAL parturitional injury is the most frequent cause of neo
natal mortality, of morbid conditions in the newborn, of congenital crip

pling and motility disorders, of mental deficiency and of epilepsy. 

PART 1: Cu,,ncALLY DETECTABLE FuNcTIONAL D1sTURBANCEs AccoMPANYING 

p ARTURITIONAL CEREBROSPINAL LESIONS 

Functional Disturbances Following Parturitional Cerebrospinal Lesions in 
Newborn Children and in Young Sucklings 

Clin-ical symptoms characterizecl by attenuation or absence of normal pheno
mena.-Absence of the first cry after birth; absence of respiratory movements ; 
unconsciousness ; coma; apathy; sopor; absence or impairment of sucking im
pulse; absence or diminution of motility; paralysis or paresis of cerebral nerves, 
of peripheral nerves, of extremities and of the diaphragm; nuchal paresis; 
muscular hypotonia; impairment of hearing; absence of auriculopalpebral re
flexes; subnormal temperature; hypo-excitability of the labyrinth; and reduc
tion of the cutaneous turgor. 

Clinical symptoms reflecting pathologie accentuation of normal reactions and 
conditions.-Continual crying out, as in pain; yawning; muscular hypertonia; 
muscular rigidity; nuchal rigidity; fever ; labyrinthine hyperirritability; and 
fear reactions due to hypersensitivity to exogenous impulses. 

Clinical symptoms resulting from dysfunction.-Cyanosis; pallor; acrocyano
sis; acronecrosis; irregular or pathologie respiratory rhythm ( for example, 
Cheyne-Stokes respiration or "apneustic" respiration [Lumsden] ) ; inspiratory 
stridor; foaming at the mouth; irregular cardiac fonction; difficulties in sucking, 
drinking and swallowing; singultus; vomiting; rapidly progressing cachexia; 
opisthotonus; cramps; trismus ; tetany; priapism; athetotic movements; strabis
mus; miosis; mydriasis; nystagmus; paradoxic labyrinthine reflexes; abnormal 
posture of the head; oscillation of temperature; and scleroderma. 

Furthermore, the parturitional lesion may be characterized by pathologie 
refiexes (marionette [Hampelmann] reflex, Moro's embrace reflex; pathologie 
postural reflexes [Magnus and de Kleijn]; true Babinski and pseudo-Babinski ) . 
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CEREBROSPINAL BIRTH INJURY 133 

All these disturbances are often accc.,mpanied by disorders of protein and 
sugar metabolism and by icterus, or at least increase in the bilirubin level and 
in the aciduric content of the blood. Shift to the left in the composition of the 
red and white blood cell pattern occurs also very frequently ( Büngeler and 
Schwartz ) . 

Many of these phenomena represent direct conseq uences of the cerebro
spinal lesion, while others may be induced by involvements of different organs. 
Etiologie and pathogenetic interconnections still await classification. No doubt 
electroencephalographic investigations, as well as electrocardiography, will 
one day considerably enrich our knowledge and insight. 

The above-listed symptoms could be classified according to the affected 
organs, or conforming to certain syndromes dominated by respiratory or cir
culatory disturbances, or by the motility or muscle tonus of the newborn 
infant. From this point of view, a syndrome known in clinical and experimental 
pathology as the consequence of decerebrat-ion merits particular consideration. 

Clinical Symptoms in Indiv-iduals Surviv ing the Parturitional In;ury 

Many clinical symptoms refl.ecting parturitional cerebrospinal lesions in the 
newborn and in sucklings persist for a long period after birth or even through
out life. 

The following groups of disturbances can be differentiated: (A) motility 
disorders ( paralysis, paresis, and hyperkinesis ; disorders of coordination and 
motor infantilism ); ( B ) changes in the skeletal muscle tone ( atonia, hypotonia, 
and hypertonia and rigidity ); ( C ) defects of the intellect; ( D ) defects of per
ceptive ability ( deafness and aphasia); disturbances of spatial perception 
( astereognosis); ( E ) defects of expression ( speech infantilism, stuttering, 
mutism, amimia and dysmimia ); ( F ) impairment of the capacity for psychic 
association ( apathy, moral insanity, psychic infantilism, psychopathy, hyper
sensitivity and emotional instability ); ( G ) paroxysms ( epilepsy, tetaniform 
cramps, and cardiorespiratory episodes); ( H ) internal secretory clisturbances 
( hypogenitalism and hypergenitalism, adiposity, pituitary cachexia, my;œdema 
and adrenal insufficiency ); ( I ) abnormalities of growth ( overgrowth, nanism, 
asymmetric development caused by partial retardation, and hypotrophy or 
hyperplasia ). 

Even if all clinical conditions listed above occur as consequences of birth 
injury, their presence does not prove the parturitional origin of the syndrome. 

PART 2: MoRPHOLOGY OF C EREBROSPINAL BIRTH l NJURY 

Acute Cases 

The following changes occur: deformation of the cerebral hemispheres in
duced by molding of the skull, that is, by dislocation and overlapping of the 
cranial bones during birth; deformation, compression or rupture of the spinal 
cord produced by dislocation ("fracture" ) of the vertebrae ( fig. 1 ). 

Another group of important alterations is characterized by extravasations: pial 
hemorrhages often affecting the cerebral cortex, the cerebellum and the spinal 
cord; massive intracerebral and subependymal hemorrhages originating in the 
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134 MENTAL RETARDATIO 

FIG. 1.- Moulcling (configuration ) of the heacl of a full-term baby, stillborn in occipital 
presentation . The heacl is Rat and shows marked occipital elongation. The arrows Îll<licate 
the anterior border of the cranial defomrntion. 

terminal and lateral ventricular veins, involving the cerebral white matter 
and the basal ganglia; punctiform hemorrhages disseminated within the cere
bral hemispheres, the brain stem ( medullar oblongata ) and the cerebellum;' 
hematomyelia (.figs. 2 and 3 ). 

Thromboses occluding the superior longitudinal sinus, pial veins, the straight 
sinus, the Galenic vein, the interna! cerebral veins, the terminal veins, etc., 
are rather frequent. 

As consequences of these circulatory disturbances we observe: Softening 
processes: ( 1) diffuse rarefaction involving the cerebral, cerebellar and spinal 
white matter (Virchow's encephalopathy ); ( 2 ) diffuse dissolution affeèting 
mainly the cerebral white matter; ( 3) ci.rcumscribed subependymal coagula
tion necroses located in the frontal and occipital white matter of the cerebral 
hemispheres; ( 4) circumscribed and diffuse rarefaction of the striatum and 
the thalamus; ( 5 ) circumscribed or diffusely spread rarefaction of the cerebral 
cortex; ( 6 ) secondary degeneration of pathways ( fig. 4). 

Individua1s Surviv·ing the Neo1wtal Periocl 

The following types of parturitional cerebral lesions may be observed: De
formation of the cerebral and cerebellar hemispheres caused by cicatricial 
shrinking ( "diffuse" or '1obar" sclerosis), or by defects of the brain surface ( "pe-
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CEREBROSPINAL BIRTH INJURY 135 

Fm. 2.-Parturitional hemorrhages in the cerebral white rnatter. The stem of the left 
terminal vein showed thrombosis and extensive perivascular extravasation. 1ote discolora
tion of the periventricular area of the cerebral white matter on the right sicle caused by 
microscopie hcmorrhages and beginning softening. A.rrows indicate the thrombotic terminal 
veins bilaterally; h, fresh hemorrhage of the cerebral white matter on the left sicle pro
duced by the confluence of capillary hemorrhages; s, discoloration of the periventricular 
area indicating involvement of the cerebral white matter on the right sicle; t, thalamus. 
Premature child. 

ripheral porencephaly"; fig. 5 ). H ernosiderin pigmentation of dura and pia; of 
the cerebral, cerebellar and spinal surface; of scarred cortical and intracerebral 
( medullary, striatal, thalamic, and cerebellar) or intraspinal defects. Organized 
or recanalized thrornbi of pial veins, of dural sinus, of intraventricular and sub
ependymal veins. Diffuse cicatricial, cortical devastation ( "microgyria") ; cir
cumscribed, often hypermyelinated cortical scars ("plaques fibromyèliniques"); 
diffuse or localized cicatricial devastation of the cerebral or cerebellar white 
matter ( cerebral and cerebellar sclerosis); scarring devastation of the basal 
ganglia, often accompanied by irregular hypermyelinization ( status marmora
tus ) or defects of myelinization ( status dysmyelinisatus ); secondary cica
tricial devastation of cerebral and spinal pathways. Intracerebral cavitation: 
central porencephaly; subependymal cysts of the cerebral white matter and 

, the basal ganglia; syringobulbia; intraspinal cavitation; syringomyelia. Hydra
. cephalus. Pointed head. 

: II)- many cases of mental deficiency, Little's disease, etc., various combina
dons of the above-listed typical sequelae of parturitional lesiôns may occur. 
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136 MENTAL RETARDA TION 

FIG. 3.-Extensive fresh hemorrhages inflltrating the brainstem and the cerebellum in a 
full -term baby. The thalamus and the pons were severely damaged also. The child was 
born by forceps after prolonged delivery. Note extensive damage to quadrigeminal area. 
c, cerebellum; superior arrow: quadrigeminal area; p, pons. 

Addendum 

Parturitional injury involves not only the brain and spinal cord, but can 
affect many other organs also. Sorne of these extracerebral lesions are direct 
consequences of the cerebral or spinal dis'ease. Others apparently develop 
independently, even if direct or indirect pathogenetic e:onuecoons may otten 
be of significance. The most important extracerebral parturitional lesions are 
the following: adrenal hemorrhages and necroses; hemorrhages and necroses 
of the liver; pulmonary hemorrhages; cardiac muscle and arterial necroses; 
thyroid and parathyroid extravasations; renal lesions; ga tric and intestinal 
mucosal erosions; icterus; iron deposits in the reticuloendothelial apparatus 
( "mobilization of the iron metabolism"); renal uric acid infarcts; retinal and 
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CEREBROSPINAL BIRTH INJURY 137 

Frc. 4.-Diffuse fatty degeneration of glia cells in the cerebral white matter of a full 
tenn, 6 day old child affected by parturitional in jury ( fat staining). Microscopie examina
tion disclosed numerous small softening foci. These .findings characterized Virchow's inter
stitial encephalitis in the newborn. f, minute softening foci displaying the conglomerati::m 
of fatty scavenger cells. 

labyrinthine hemorrhages; destruction of the testicular parenchyma by hemor
rhagic infarction; sclerema and subcutaneous fat necrosis ; acral circulatory 
disturbances ( such as Raynaud's disease). 

PART 3: REMARKS ON THE ETIOLOGY OF PARTURITIONAL CEREBRAL LESIONS 

Two types of parturitional influences in<lucing cercbrospinal lesions can be 
distinguished: 

Physically definable forces, that is, ( 1) mechanical influences which are ef
fective during the passage of the head through the birth canal, such as bi
temporal and fronto -occipital compress'ion, often markedly accentuated by 
instruments; overstretching and overbending of the vertebral column causing 
displacement of the vertebral bodies and disruption of the intervertebral 
joints; and, ( 2) suction effect of the lower pressure principle developing after 
rupture of the amnion and affecting the head during its fixation in the pelvis. 

The second group of etiologic factors includes those which cause interference 
with tissue nourishment ( "anoxia" ) : ( 1) disturbances of placentation, such as 
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138 MENTAL RETARDATION 

FIG. 5.-Circumscribed defect of the insular cortex of the left hemisphere in a 3 month 
old child. Birth traumatic, peripheral porencephaly. ne, caudate nucleus; p, putamen. 

uteroplacental adhesions; premature scparation of the placenta, placenta previa, 
placenta! infarction; and relative lowering of pressure within the utero
placental space, a factor on which we shall elaborate later. ( 2 ) Furthermore, 
œrebral anoxia can be caused by disorders of the umbilical cord; ( 3) by 
primary blood diseases of the fetus; ( 4 ) by materna! diseases ( such as nephritis 
and diabetes ). ( 5 ) The same state can be the consequence of poisoning ( for 
example, by narcosis ). ( 6 ) Cerebral anoxia follows umbilical hemorrhages 
or may be caused by premature severing of the umbilical cord. (7 ) Anemia 
inducing fetal cerebral anoxia results from hemorrhages following placenta 
previa. ( 8 ) Cerebral anoxia accompanies traumatic or anemic shock. ( 9 ) 
Congenital heart disease can be the cause of anoxia during the transitional 
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period between intrauterine and extrauterine life. And, last but not least ( 10 ) 
respiratory distress, suffocation and anoxia result from hemorrhages due to 
birth injury affecting the respiratory and vasomotor centers in the medulla 
oblongata. No doubt, destructive physical factors and influences which pro
duce anoxia are often coordinated causes of parturitional lesions. 

The Lower Pressure-Release Principle, the Predominant Propelling Factor in 
the Normal Birth Process as a Cause of Parturitional In;ury 

According to a generally accepted doctrine, the uterus expels the child like 
a foreign body by means of contraction. It was assumed that the pressure of 
the fondus works on the breech, that is, on the caudal end of the fetal spinal 
column, which fonctions as an axis. 

Sellheim, early in the century, suggesting that hydrostatic laws may play a 
predominant role in birth, revived an old theory formulated by Schatz. (> Sell
heim realized that during the normal birth process the wall of the uterus never 
cornes into direct contact with the fetal body, and that the pressure produced 
by the uterine contractions is dispersed by the amniotic fluid. As Sellheim 
himself never succeeded in clearly expressing his ideas, the importance of 
hydrostatic laws in the mechanism of birth remained neglected until 1920.t 

The present author's studies on the newborn developed in connection with 
the following question: vVhat is the effect of intrauterine water pressure dur
ing labor on the distribution of fluids (blood and lymph) in the fetal body 
before and after rupture of the amnion? 

If a suction cup is applied to any part of the surface of the body, a swelling 
develops in the affected region, the size of which depends on the pressure 
difference between the atmosphere and the interior of the suction apparatus. 
If this pressure difference is great enough, the suction swelling may even be 
pervaded by hemorrhages. During the birth process, similar conditions occur: 
the fetal body, surrounded by amniotic fluid before the beginning of labor, is 

"Schatz puhlished his ideas on the birth mechanism in 1868. He emphasized that the 
expulsion of the child is ruled by hydrostatic laws and compared the fetal head to a ball
valve occluding a container in which high pressure prevails. Shortly thereafter (1869), both 
Ki.ineke and Lahs confinned Schatz's theory. Ki.ineke stressed that the relaxing uterus acts 
on the fetus like a suction cup; Lahs recognized that an increase in intrauterine pressure 
exerts its influence on every part of the fetus which is in contact with the amniotic fluid. 
Twenty years later, ·werth explained that cranial deformation during delivery is the result 
of pressure differences which develop between the interior of the uterus and the atmosphere. 
He stated that after rupture of the amniotic sac the high intrauterine pressure exerts its 
entire force on the released parts of the fetal body. These ideas were mentioned in later 
publications by Seitz, Sellheim, Holzmeister, Abels, Ylppo, Jaschke and Pankow. 

jThe importance of the release principle, after its definition by the author in 1921 as the 
predominant propelling force at birth and the cause of cerebral injuries in newborn children, 
was confirmed hy the following obstetricians: Ehrenfest, v. Jaschke, Sellheim, Heidler. 
Pankow, and HoJland. Wohlwill, Siegmund, Arey and Dent, pai:hologists, also recognized 
its influence. During a discussion on propelling forces of the birth process, Sellheim ( 1926 ) 
made this declaration which the writer remembers vividly: "The concept of a suction from 
below, replacing the idea of a pressure from above, may explain all the peculiar phenomena 
of birth, from the stretching of the child's body to the cerebral hemorrhages. Thus, the 
concept which has been debated ... for such a long time has finally been confirmed." 
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released, at the moment of arnnion rupture, from the intrauterine pressure on a 
certain- "presented"-part of its surface." Consequently, blood and lymph flow 
into this region of lower pressure in the same way as in a suction cup experi
ment. The released area becomes engorged, accornpanied by slackening of 
the circulation, and a typical birth swelling ( "caput succedaneum") and 
even hemorrhages appear, caused by the suction effect of the "release pheno
rnenon." In breech presentation, release hernorrhages are found on the but
tocks-skin and musculature; in dorsal presentation, on the back; and in 
cephalic presentation, on the scalp, the skull, the dura, pia and in the brain 
( figs. 1, 2 and 3 ) . 

The pressure difference between the interior of the uterus and the atmo
sphere is the most important propelling force at birth: a~er rupture of the 
amniotic membrane, the atmosphere sucks the child out of the uterus, in which 
a high hydrostatic pressure prevails. Thus, birth is the result of the functioning 
of a very simple machine, the essential parts of which are: the contractile 
uterine wall; the amniotic membrane and the fluid it encloses; the dilating 
os uteri; and the protruding body part in presentation, which, after rupture 
of the fetal membrane, imrnediately closes the opening of the uterus like 
a ball valve. This machine works by generating pressure differences between 
the uterine cavity and the atmosphere. 

A few further peculiarities of the "birth machine" may be elucidated. The 
greatest effect of atmospheric suction is to be expected at the culmination of 
each labor pain. Up to this peak, intrauterine pressure increases; beyond it, it 
decreases; the increase and diminution signify the augmentation and attenua
tion of the pressure differences and thus of the suction effect exerted by the 
atmosphere. Since labor pains recur at intervals, the birth machine, of course, 
works intermittently. It raises the intrauterine pressure and consequently 
subjects the presented body part ta increased suction. As a result of the 
alternating periods of labor pains and uterine relaxation, the presented part 
is repeatedly subjected ta, and freed from, atmospheric suction. If we assume, 
in place of the mechanical eff ect of suction, an impelling force of equal 
strength, we can well imagine to what amount of stress the soft head-so 
easily defo1:med-is subjected until birth is completed. Thus, already at birth, 
man is shown that nature is not always his friend! 

Under strictly normal conditions, however, the dangers of birth are reduced 
to a minimum. \iVhen birth follows a pregnancy of normal duration, and the 
pelvis is of normal proportions, the child is usually not endangered. The more 

0 Schatz was the first to consider and measure intrauterine pressure. Prior to the rupture 
of the amniotic membrane, before the beginning of labor, and in the intervals between 
labor pains, he found an intrauterine pressure of 10 to 15 mm. Hg; the contraction of the 
uterus and the fonction of the abdominal muscles produce an intrauterine pressure of 80 
mm. Hg, in deliveries in wlùch orclinary resistances provoke average propelling forces. 
However, in some deliverie the mercury may rise to 250 mm. or even higher. Since the re
leased portion of the head has an average surface of 80 sq.crn., after rupture of the amniotic 
membrane, the effect of the pressure dilferences impelling the fetal head rnay be equivalent 
to the work clone in balancing a water cylinder 3 meters high, with a cross section of 80 sq. 
cm. and a weight of 24 Kg. ( Schwartz, 1925 ) . 
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immature the fetus when birth begins and the greater an existing pelvic de
formation-such as a pelvic contraction- the more acute the danger becomes : 
the immature baby is less capable of enduring the stress of atmospheric 
suction, and, if pelvic stenosis is present, abnormal intrauterine pressure is 
required. 

Primiparous conditions are relatively unfavorable for the infant, for the 
birth machine, too, needs practice to fonction perfectly. A .6rst birth may be 
of longer duration and more difficult than succeeding ones, and it is fraught 
with even more dangers when the primipara is an older woman; the rigidity 
of the soft parts of the genital tract gives rise to considerable pressure dif
ferences. It is best to be born at normal tenn by cesarean section before the 
onset of labor! It is obviously not accidentai that so many remarkable persons 
were relatively late children in large families. 

A bels ( 1913 ) and Ylppo ( 1919 ) stated that intracranial hemorrhages are 
due to pressure differences during birth. Jaschke and Pankow ( 1920 ) also 
explained, in their T extbook of Obstetrics, the development of "caput suc
cedaneum" and of cephalhematoma as resulting from pressure differences 
after rupture of the amniotic membrane. Similarly, Ehrenfest ( 1931, 1949 ), 
Rolland ( 1937 ), Rosanoff ( 1938 ), Arey and Dent ( 1953 ), as well as Baird 
( 1955 ), emphasized both the physiologie and the pathogenic role of the 
parturitional "release principle." 

The signilicance of the low pressure principle ( release phenomenon ) as the 
cause of typical birth lesions has also been confirmed by means of experiments. 

All the cranial lesions of newborn babies mentioned above have sometimes 
been observed in infants born by cesarean section. 0 This important fact has 
been the subject of many publications. Cesarean section is often performed 
after rupture of the amniotic membrane; thus, pressure differences between 
uterine contents and atmosphere may produce the suction effect on the head 
of the newborn before surgi.cal intervention. On the other hand, it is a fact 
that the head of the newborn- particularly in primiparae-may be pressed 
into the pelvic passage for a relatively long period before labor begins, re
sulting in severe cranial deformations. Furthermore, a fatal release effect may 
be produced, even in cases in ~hi.ch the amnion remains intact: in the last 
stage of pregnancy the head, wedged in the pelvis like a ball, may separate the 
contents of the amniotic sac into two sections. If intrauterine pressure ri.ses 
at the beginning of labor, the amniotic portion in front of the head may remain 
undisturbed, i.e., the relatively low pressure there may be maintained, while 
the pressure within the higher chamber increases substantially. Tarcotics used 
for the performance of cesarean section, or fetal circulatory disorders arising 
during artificial birth, even though surgery does not take long, may cause 
more or less severe lesions of the infant's nervous system. 

In this connection, it is interesting to note that retinal hemorrhages of the 

0 It is necessary to recall here that a cesarean section is-under present conditions-in 
general not the equivalent of an easy birth. Not only extensive intracranial hemorrhages and 
large tentorial tears, but also fernoral fractures were observed in infants born by cesarean 
section ( Ryden, 1935). 
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newborn, while frequent in natural deliveries, have not been observed in 
babies born by cesarean section ( Stocker, Juler, Jacobs, Lemmingson and 
Stark). 

The suction effect at delivery is also manifest in children who <lied in utero 
before the beginning of labor ( Danelius ). 

The placenta adheres to the uterine wall in a particular area in which-as 
in all parts of the materna! body, the intrapleural space excepted-atmospheric 
pressure rules, while the preparturitional intrauterine pressure is +10 to 15 
mm. Hg. This pressure difference between the uteroplacental space and the 
amniotic fl.uid is an important factor in fastening the placenta to the uterine 
wall. If during labor pains the intrauterine pressure rises, a suction force 
is activated in the placenta! area and gains strength progressively with in
creasingly intrauterine pressure. Therefore, vigorous labor pains may in
fluence fetal blood distribution and may cause retention of fetal blood in the 
placenta. Severe damage by suffocation ( "anoxia") may undou btedly be caused 
in this way. 0 

Thus, during delivery, the lower pressure principle is at work and may be 
harmful in two regions: on the presenting part of the body-generally the 
head-and in the placenta! area. 

During birth, which even under normal conditions is a dangerous process, 
common mechanical influences, of course, also act as traumatic stresses. The 
bilateral- from side to side-and fronto-occipital narrowing of the skull 
during the passage of the head through the birth canal may be the cause of 
lacerations and tears in the falx and tentorium ( Beneke, L. Mayer, Rauch, 
Rolland, Greenwood). t Herniation of the swollen cerebral substance out of 
and into the spaces enclosed by the tentorium ( Penfield ) and the falx is cer
tainly of pathogenic importance. 

As many publications have shown, the cranial bones may become dis
located, overlapped or depressed during delivery. Fractures of the skull bones, 
gross lesions of the vertebral column, as well as muscle tears, severe damage 
to the eyes, injuries of peripheral nerves, dislocation, distortion, luxation and 
fractures in all parts of the skeletal system may occur even in spontaneous 
delivery with normal presentation of the child. Pelvic deformations, disorders 
of uterine fonction, eclampsia, etc., as well as malpresentation, forceps or 
manual intervention, such as version and extraction of the fetus, often further 
the development of lesions of this type. 

The following factors may also damage the central nervous system at birth: 
the impact of rising pressure during labor pains, often repeated, may shatter 

"The suction power of the interuteroplacental space rises when the intrauterine pressure 
increases. In this way, a condition developes which is identical with that accompanying a 
long and very forced inspiration (J. Müller's experiment ). 

j Faix and tentorium often show extravasations associated with clilated or even thrombotic 
veins. As a result of these hemorrhages, superficial defects of the durai reduplications are 
frequ ent, since hematomas within the normally very thin durai folcls can di charge ouhvardly. 
This is the origin of rnany lesions reported as "lacerations" or "tears" of the faix and 
tentorium. Nevertheless, real and fairly large tears of the falx and tentorium also occur 
and are caused by overstretching during delivery. 
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the cerebral substance. It should also be considered whether the change from 
intrauterine high pressure to normal atmosphere-if it occurs too rapidly
might not have the same effect as such a change in pressure has upon the 
caisson worker. In cases in which extensive contusions and even bone fractures 
ensue after a dillicult delivery, it may be advisable to bear in mind the pos
sible presence of pulmonary and cerebral fat emboli. 

In order to demonstrate the influence of atmospheric pressure on the cranium 
and brain during delivery, Berberich and the present author carried out the 
following experiment: A suction cup connected with a water pipe was placed 
on the head of a newborn dog on a spot typical of normal birth presentation 
in humans. The circumference of the cranial surface subjected to suction was 
adapted to correspond to that of human deliveries, as was also the suction 
produced by the apparatus, negative pressures from 100 to 250 mm. Hg being 
used. 0 We were able to observe the development of a "caput succedaneum" 
through the glass wall of our suction cup. We noted a defonnation of the 
entire head due to displacements of the cranial bones. We even observed 
overlapping of the parietal bones pressed together by the powerful suction. 
Sorne of our animais died during the e>..'Perimental "birth" process. Others 
survived and were examined one to three days after "birth." Autopsies showed 
all the typical parturitional alterations usually seen in newborn infants: 
hemorrhages of the scalp, the cranial periosteum, the cranial bones, the pia, 
the dura and the cerebral substance itself. We observed thrombosis of the 
longitudinal sinus, the cavernous sinus, the straight sinus and their intracerebral 
tributaries. In two cases, typical fresh necroses were found, localized in the 
cerebral frontoparietal and occipital white matter. t 

We do not wish to imply that the problems concerning the birth mechanism 
and its influence on the newborn are completely and definitely solved. How
ever, the above related experiments prove the paramount pathogenic importance 
of atmospheric suction in the development of parturitional cerebral lesions. 

"These experiment were repeated by Berberich ( 1925) and 1etzger ( 1925), who 
nroduced retinal hemorrhages, and Thieleman ( 1927), who confirmed the occurrence of 
lesions in the inner ear due to experirnental birth trauma. 

t A rnost important experimental contribution to the problem of the release effect was 
that of Guttner ( 1932). He tried to imita te the birth machine and used: ( 1) a relatively large 
glass jar with a narrow neck representing the uterns; ( 2) a ru bber sac which-in place 
of the amniotic sac-was pulled into the "uteru "; ( 3) a guinea pig which was placed in the 
system in a posture corresponding to the intrauterine position of a fetus . The construction 
of the apparatus permitted augmentation of "intrauterine" pressure by pumping in air, 
and also measurement of changes in tl1e blood pressure and heart fonction of the "fetus." 
The results of these experirnents were highly interesting. While the whole body of the 
animal remained in the ciosed rubber sack under increased pressure, no changes occurred 
either in the blood pressure or in the heart fonction. However, when the head of the guinea 
oig became fixed in the "pelvis"-in imitation of tlle natural process- and the rubber 
"amnion" was tom, elevation of the "intrauterine" pressure caused a rise in arterial pressure; 
characteristic changes in the heart fonction also occurred, similar to tllose observed in 
natural births. Thus, Guttner sucoeeded in reproducing some factors of normal delivery 
by creating differences in prèssure between the contents of the "uterns" and the atmosphere, 
in a system in which the head of a living animal closed the "os uteri" and became released 
from the high pressure in all the other "intrauterine" parts of the body. 
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Consideration of these observations will be helpful in ou~ endeavor to prevent 
and alleviate the dangers of the birth process. 

It seems that the lower pressure principle as a propelUng factor in the birth process is 
gaining more and more significance. 1Ialmstrom in several papers advised replacement of 
obstetrical traction forceps by a "vacuum extractor." This apparatus consists of a suction cup 
connected to a vacuum pump. The use of this instrument was enthusiastically endorsed by 
Berggren and by Cunningham. 

PART 4: PATHOGENESIS OF PARTURITIONAL CEREBROSPINAL CIRCULATORY 

DrsTURBANCES AND SOFTENING PROCESSES 

The following factors must here be considered: cerebral circulatory dis
turbances developing as a direct consequence of the concussional lesion; 
venous congestion with subsequent capillary circulatory stagnation and stasis 
initiated by the suction effect of the lower pressure principle; intensification 
of the circulatory disturbances in the brain and extracerebral areas by par
turitional traumatic and anemic shock; and involvement of cerebrospinal areas 
by icterus resulting from parturitional post-hemorrhagic and hemolytic blood 
destruction, or, in exceptional cases, caused by congenital diseases of the biliary 
excretory apparatus. 

Are Circulatory Disorders or Anox'ia More Important in the Pathogenesis of 
Parturitional Cerebrospinal Lesions? 

Two types of circulatory disturbances must here be distinguished: involve
ments affecting large veins ( cranial venous sinuses, pial veins, the Galenic 
vein and its large intracerebral tributaries ), and capillary lesions. Although 
these two forms of parturitional circulatory disorders very frequently occur 
simultaneously, it is important to note that capillary vascular phenomena may 
develop independently. 

Circulatory disturbances affecting the cranial and cerebral 1jenous system and 
their pathogenesis.-Throm boses and extravasations are the most conspicuous 
results of parturitional circulatory disturbances involving the intracranial and 
intracerebral venous system ( figs. 1-3). 0 

Thrombosis of the cranial sinus and intracerebral veins is one of the most 
common and most frequent consequences of parturitional injury. t 

"The brains of children who die in the perinatal period should not be destroyed for the 
sake of inspecting the falx and tentorium in situ. It must be removed by a procedure similar 
to that employed in adults and dissected after being hardened in formalin. Our autop y 
method permits observation of thromboses of Galen's great vein, the internai cerebral and 
terminal veins, often associated with typical hemorrhages. This holds true also for fresh 
parturitional cerebral softening processes which remain undetected in cases investigated 
by Beneke's "window" technic. 

\ I should like to emphasize that during the years 1920-1933 in Frankfort am Main , 
Germany, I myself investigated the brains of more than 1000 newborn children who suffered 
parturitional injury. Many of thorn displayed thromboses. I published descriptions and illus
trations of at least 40 cases regarding this subject in my earlier papers and exhibits in this 
country. The high incidence of parturitional cranial and intracerebral thrombosis, stasis and 
extravasation was observed also by Siegmund, ,vohlwill and Krauspe, who verified my 
findings in Germany in extensive investigations. 
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Thromboses in gener develop either following endothelial lesions or as 
the consequence of blo : Îf Lesions of both types may result from parturi
tional injury. Overlappi : .'ôf the cranial boues overstretches and tears the 
wall of the superior longitudinal sinus; bitemporal or fronto-occipital com
pression of the skull dislocates the straight sinus and the Galenic vein, im
peding the venous circulation (Virchow, Kundrat, Beneke, Rolland). No 
doubt this type of disturbance may result in thromboses of the above-men
tioned sinusal sectors and of the Galenic vein, as well as pial and intracerebral 
veins. We assume that the suction of the lower pressure principle is also of 
considerable importance. 

The superior longitudinal sinus and confluens sinuum in the fetus are 
protected only by the scalp and relatively thin membranes of the sagittal 
sutures and the fontanels. Therefore, in cephalic presentation, after rupture 
of the amnion, the superior longitudinal sinus and confluens sinuum are 
directly exposed to the forceful atmospheric suction, even in full-term babies. 
The result is engorgement of these sinusal sectors and stoppage of the cardio
petal blood flow. If slackening and stasis are of long duration, thrombosis 
results. The short and relatively wide Galenic vein plays the role of regulator 
of the intracerebral venous blood supply. 

We assume with Le Gros Clark that the vein of Galen has a special nerval 
regulatory equipment." This apparatus, once affected by overwhelming parturi
tional stress, may break clown, permitting the conversion of a sensitive dis
tributor into a passive paralyzed container. Transformation of the Galenic 
vein into a plum-sized sac filled with coagulated or liquid blood has been 
repeatedly observed (Wohak, Turhan and Rossler). 

It seems impossible to attribute dilations of this degree to only the mech
anical influence of a certain quantity of blood which cannot find its way into 
the straight sinus! Thus, we assume that disturbances of vasomotor innervation 
are of importance also in the engorgement, slackening and thrombosis of 
intracerebral veins and of the pial venous channels. t 

Furthermore, we assume that intraventricular, intracerebral and pial hemor
rhages following parturitional engorgement are pathogenetically dependent 
on vasomotor dysfonction. At any rate, it is a fact that intracerebral extra-

"Homet and Nissim ( 1957) demonsh·ated an extremely rich nervous system within the 
walls of the great vein and its tributaries. Particularly important are special receptor 
structures, corpuscles or coils of thick fibers surrounded by sensory nerve cells. Accord
ing to these authors, the Galenic system appears to be a reflexogenic center. 

t Investigations of Ricker, Regendanz and Dahlmann showed that cerebral tissue altera
tions due to concussion result from circulatory disturbances induced by excitation and sub
sequent paralysis of vasomotor nerves. According to Wohlwill and Siegmund, similar 
mechanisms explain also the development of parturitional cerebrospinal lesions. The role 
played by vasomotor circulatory disturbances in the pathogenesis of cerebral alterations 
following mechanical head injuries in general was also analyzed by Neubuerger (1930 ). 
Denny-Brown and Russell observed that experimental cerebral concussion brings about an 
intense and rapid peripheral vasoconstriction which may be regarded as the result of direct 
stimulation of the bulbar vasomotor center. Experimental concussion induces transient re
flex paralysis of the respiratory and vasomotor mechanism. Crothers stated that asphyxia 
pallida in the newborn originates from a vasomotor disturbance caused by bulbar lesion. 
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vasation occurs very frequently in the newborn and that it is located in the 
regions supplied by the roots of the Galenic vein, particularly in the frontal, 
frontoparietal and occipital white matter of the cerebral hemispheres. 

Experimental ligation of the Galenic vein produced subependymal hernor
rhages resembling parturitional lesions (Schlesinger). The freq uent bilateral 
occurrence of tlu·omboses and hernorrhages involving the terminal and lateral 
ventricular veins suggests that the congestional factor may play a certain role 
in the pathogenesis of intracerebral parturitional extravasations. However, the 
hemorrhages are often unilateral or considerably more conspicuous in the 
cerebral hemisphere which presented during the birth process ( fig. 2). These 
differences reflect the pathogenic role of another important influence, namely 
exposure to the traumatic concussional effect of the lower pressure principle 
affecting the presenting cerebral hemisphere more than the other. 

Thus, we must acknowledge a combination of manifold parturitional factors: 
suction effect of the release phenomenon; mechanical blockage of the Galenic 
blood flow caused by compressional dislocation, concussion, anoxia, asphyxia 
and slackening as a result of vasomotor dysfonction. I see no point in over
emphasizing one of these agents in the pathogenesis of parturitional venous 
lesions. 0 

Parturitional intracerebral softening ( fig. 4) affects primarily areas of 
the white Il]atter which are supplied by terminal and lateral ventricular veins. 
On investigation of these processes we observe once more that lesions may 
appear unilaterally or bilaterally, and then much more accentuated in one 
cerebral hemisphere-the one more exposed to the concussional effect of 
the lower pressure principle. Softening foci-circumscribed necrosis, diffuse 
rarefaction and dissolution processes-are often associated with typical 
parturitional thromboses and extravasations affecting the stems and intra
cerebral ramifications of terminal and lateral ventriëular veins. It seems im
possible to deny a pathogenic relationship between circulatory disturbances 
and softening processes in these cases. In ·many other instances, however, 
typically located and even very severe softening processes may be present, 
while no thromboses or hemorrhages can be detected. We do not hesitate to 
explain the cerebral lesion in these cases, too, as the consequence of circulatory 
disturbances which passed without producing organic vascular phenomena. 

Disseminated capiUary extravasations.-Such occurrences, regularly as
sociated with intense edema, are often suggested macroscopically by excessive 
hyperemia affecting the entire white matter of the cerebral hemispheres ( ûg. 
2). They may display the same aspects as those lesions observed in adults 

0 Shock resulting from birth injury may be an important factor in neonatal mortality. 
This idea was expressed by Pierson as early as 1923. The same concept was adopted by 
Müller ( 1941) and supported by Gruenwald ( 1950). The latter claimed, as did Reuss 
( 1949) shortly before him, that even massive cerebral hemorrhages, i.e., vena termina lis 
lesions in newborn children, "generally mistaken for trauma," are the consequences of shock. 
Of course, the state of shock in the newborn infant is provoked, according to Gruenwald, 
by mechanical stress at delivery. Johnson ( 1956 ), after investigating 154 cases of cranial 
and intracranial injuries in adults, statecl that "Shock is probably present in ail cases for a 
varying period .... It may be light or profound." 
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in cases of hemorrhagic diathesis, poisoning, encephalitis or cerebral concus
sion. Microscopie examination discloses their presence in many macroscopically 
unsuspected cases. Another important microscopie observation is the se
lectivity of the hemorrhagic condition: while the extravasations may affect 
the entire cerebral white matter rather severely, they may conspicuously spare 
adjacent cortical or basal ganglionic regions. On the other hand, selective 
unilateral or bilateral lesions of the cerebral cortex, cerebellar granular zone 
or dentate nucleus, and of the olivary nucleus, putamen, pallidum, etc. also 
occur. 

In those-rather frequent-cases in which capillary extravasations ac
company typical parturitional thromboses and hemorrhages of the Galenic 
vein and internal cerebral, terminal and lateral ventricular veins, it could 
easily be assumed-according to traditional interpretations-that the minute 
foci are of congestional origin. In many other instances, lesions of the capillary 
walls resulting from respiratory distress, "asphyxia," "anoxia" or certain endo
genous and exogenous toxic influences were suggested." However, thorough 
microscopie investigations showed that parturitional capillary extravasations 
always represent only one type or one stage of peristasic retardation of the 
blood flow. They are followed by typical parturitional diffuse or focal regres
sive processes of the cerebral white matter, which in many other cases develop 
as a consequence of nonhemorrhagic terminal vascular dysfonction. t 

Parturitional softening in children surviving birth often affects-as already 
mentioned-the presenting cerebral hemisphere more intensely. This fact 
cannot be explained by precursory simple congestional, asphyxia} or anoxie 
vascular implications, which should be equivalent bilaterally. 

Indeed it is impossible to den y that deficient blood supply ( "anoxia") leads 
to circulatory disorders in all organs often displaying hyperemia and capillary 
extravasations. On the other band, all kinds of vascular conditions inhibit the 
nourishment of tissue, i.e., tbey bave an "anoxie" effect. Thus, it seems that the 

"Rückensteiner and Zoellner ( 1929) assumed as the primary factor in the development 
of parturitional hemorrhages particular vulnerability of the subependymal cerebra] tissue 
in newborn children resulting from immaturity. These authors have not taken into con
sideration those important differences in extension and intensity which are regularly present 
between lesions of the two cerebral hemispheres. 

!Gomez and Pike (1909), Yant and associates (1934 ) , Windle (1943) and Courville 
( 1950) observed circulatory disturbances, softening processes and glial proliferation in new
born animais subjected to experimental "anoxia." Morrison ( 1946) produced anoxia in adult 
animais by lowering the oxygen content in an airtight chamber, or by a mask supplying air 
deficient in oxygen and found that repeated exposure to even mild hypoxemia may lead to 
typical cerebral changes: swelling, vacuolation and dissolution of glia and nerve cells, 
proliferation of glia cells and rarefaction of the cerebral tissue associated with the ap
pearance of fat-containing elements. The greater the expo ure of animais to severe anoxia, 
the more numerous were the areas of clernyelination in the callosal body and semioval 
center, strikingly resembling bilateral lesions in human pathology. Ali these processes were 
associated with vasodilation; no hemorrhages occurred. The alterations affected both cere
bral hernispheres equally. Ford ( 1928), as well as Eckstein and Schlossman ( 1936), failed 
to provoke circula tory disturbances secondary to experimental asphyxia ( see also Haymaker 
[1957] and Haymaker and Strughold [1957] ). 
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-· 
proclamation of "anoxia" as the most important pathogenic factor in parturi-
tional lesions often results in no more than the creation of another truism! 0 

The morphologie and pathogenetic substratum of partmitional cerebrospinal 
lesions consists of circulatory disturbances which are induced by manifold in
fluences associated with the birth process. Thus, we find it more rational to 
differentiate parturitional cerebrospinal ci.rculatory disorders resulting from 
defects of placentation, congenital cardiac malformations, umbilical disorders, 
loss of blood, shock and mechanical influences than to overemphasize "anoxia" 
which results from vascular failurn. Moreover, the cumulative effect of these 
pathogenic factors should be considered: circulatory changes induced primarily 
by placental or umbilical mishaps are intensified by parturitional mechanical 
factors and vice versa. 

Addendum: Arterial lesions caused by parturitional injury.-In cases of 
cranial fracture following forceps delivery, rupture of the medial meningeal 
artery was observed repeatedly ( Ballance and Ballance; Küstner). It is as
sumed that the concussional effect of the parturitional injury regularly affects 
cerebral arteries, exciting and paralyzing their vasomotor nerves. Thus, cir
culatory disturbances in cerebral terminal vascular areas in newborn children 
often develop following vasomotor irritation spread along arteries. 

PART 5: fuMARKS ON THE D EVELOPMENT OF PARTURITIONAL 

CEREBROSPI 'AL DEFECTS 

Parturitional cerebral defects in general affect the neoencephalon much 
more intensely than the paleëncephalon, destroying the cerebral cortex and 
cerebral white matter unilaterally or bilaterally, while the basal ganglia and 
brain stem are preserved as compact masses. In some instances, this injury 
results in the anatomically almost perfect elimination of neoencephalic parts 
of the cerebral hemispheres: Of the cortex, no more than a thin sheet of the 
molecular zone remains, while the white matter is transformed into a polycystic 
.;tructure ( "polycystic porencephaly") . Then secondary degeneration destroys 
even neoencephalic components imbedded in the basal ganglia and brain 
stem. These examples of decerebrated human beings are the extreme expression 
of a tendency which is also clearly recognizable in instances displaying less 
destruction. I had the chance to reinvestigate the famous case of a decerebrated 
child described in 1913 by Edinger and Fischer. t La ter I had the opportunity 
to observe four further similar instances, the last one a few years ago in thjs 
country.t In all these cases, the history indicated severe parturitional injury.§ 

0 A truly objective consideration can seldom ascertain whether a certain microscopie 
cerebral lesion is the consequence of "anoxia," suffocation, or rnechanical or toxic injury. 
The difficulties which hinder such a decision being made increase when we discover through 
experirnents that prirnary suffocation, prirnary traumatic stress and toxic agents produce 
identical circulatory disorders. 

jA 3 1/4 year old child (A. 385/ 12, Frankfort am Main). 
tA boy who <lied at the age of 4 years (A. 76/ 41, Wrentham, Mass.). 
§The same type of vesicular porencephalic decerebration also occurs in adults who suffer 

severe cranial trauma ( Dahlmann, 1910 ). 
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Observations made by us while studying intracerebral ramifications of the 
Galenic vein may be helpful in explaining this type of parturitional destruc
tion: If the stem of the great vein is injected, most of the dye is found in the 
white matter of the cerebral hemispheres, while thalamus and striatum show 
much less of the injected substance. However, if the dye is introduced into 
the internal cerebral vein, marked coloration of the thalamus, caudate nucleus 
and putamcn appears. Direct injection of terminal veins füls many vessels 
in both caudate nucleus and putamen. In all these instances, of course, the 
cerebral white matter is also reached, but not as markedly as when the dye is 
injected into the great vein. 

vVe conclude from these facts that there are some differences between the 
venous supply of the cerebral white matter and that of the large ganglia at the 
base of the cerebrum, although all these regions are drained by the same 
vessels of the Galenic system. Such observations also seem to indicate that 
cerebral circulatory disturbances cannot be thought of as purely mechanical 
phenomena. 0 

Another interesting observation after injection of the Galenic vein or interna} 
cerebral and terminal veins is selective filling with dye of the vessels within 
the white matter: the entire cerebral white substance appears injected, yet 
the cortex is spared. This fact accounts for the relative autonomy of white 
matter reactions in those parturitional injuries in which alterations of the white 
matter and basal ganglia are both present: In such instances, the cerebral white 
matter always appears more severely affected. 

Dependence of the venous supply of the cerebral white matter on the 
Galenic vein explains the development of parturitional softening processes pro
ducing large porencephalic defects. On the other hand, the connection of 
striatum and thalamus with the interna} cerebral and terminal veins permits 
interpretation of parturitional-lesions affecting caudate nucleus, putamen and 
thalamus. We assume that the medial cerebral vein and Labbé's large an
astomotic vein are also of importance in the development of parturitional 
circula tory deterioration: They may permit deviation of the venous stream in 
cases in which the circulation of the basal ganglia and cerebral cortex is blocked 
in the direction of the Galenic vein and straight sinus.t Preservation of the 
paleëncephalon in parturitional damage suggests a certain independence of 
vascular nutrition in this phylogenetically old region. No doubt, at birth, the 

"Bedford reported that a collateral circulation is rapidly established after occlusion of the 
Galenic vein . Schlesinger stated that "The great vein of Galen partly drains the capillary 
network of the basal ganglia . . . although these structures can be drained, under certain 
circumstances, by vein sihiated at the surface of the brain." "The Galenic system ... is 
not an anatomical and much Jess a functional unit." " ln . . . extensive areas of the white 
matter, where the capillaries are scanty, large venous channels .. . intracerebral anastomotic 
veins are present ... They establish the main inh·acerebral connections between the great 
vein of Galen and the veins at the surface of Lhe brain." " Jo anastomotic veins are found 
in the basal ganglia, where their absence may be related to the density and the richness of 
the capillaries and the larger vessels." 

tThose long anastomotic veins which pass through the cerebral white matter- already 
observed by Hutinel and rediscovered by Schlesinger- certainly play a role in the develop
ment of parturitional destruction of cerebral tissue. 
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paleëncephalon, the center of automatic fonctions, is better protected than the 
neoencephalon, the site of perception, voluntary activity and conditioned 
reflexes. 

Thus, we see that parturitional injury affects primarily tissue masses which 
normally enable the individual to integrate, adapt and adjust to his fellow 
human beings and the environment in general. vVe consider neoencephalic 
lesions to be the anatomie substratum of parturitional mental deficiency, from 
its lowest degrees of complete decerebration permitting only a passive vegeta
tive existence up to conditions in which only slight defects of social adapta
bility are present. 

The anterior two-thirds of the superior longitudinal sinus receive blood from 
eight to 12 pial ( superior cerebral) veins on each side of the brain and carry it 
to the jugular veins by means of the transverse sinuses. The posterior part of the 
longitudinal sinus has no pial tributaries. Correspondingly, the circulation of 
an extensive cerebral cortical area is dependent on the superior longitudinal 
sinus, while other-basal, temporal and occipital-functionally important 
regions are supplied by branches leading into the Galenic vein." 

We see that parturitional cortical lesions may be the consequence of cir
culatory disturbances-retardation, slackening, arrest or thrombosis-of both 
the superior longitudinal sinus and the Galenic vein. These disorders may ap
pear separately or concurrently, producing circumscribed or very extensive 
cortical lesions. If generalized interruption of the pial circulation follows 
blocking of intracerebral branches of the Galenic vein, severe destruction 
results, which simultaneously affects the cortex, cerebral white matter and even 
the basal ganglia. However, parturitional vascular failure does not always 
produce complete dissolution of the cerebral regions involved. Often enough, 
only rarefaction of the cortical substance and white matter occurs, which a 
few years after birth produces cicatricial contraction, that is, sclerotic microgyria 
and diffuse or lcbar sclerosis of the cerebral white matter. Nevertheless, these 
processes may have the same functional effect as complete disappearance of 
the nervous substance by dissolution . 

Thus, parturitional decerebration is anatomically not always paralleled by 
definite desh'uction of brain tissue; frequently diffuse cicatrization of cortex 
and white matter develops, producing the same syndrome. 

Marked shrinking of the white matter, typified by the presence of fibrillar 
gliosis, often suggests an old lesion in mentally deficient individuals with 
no gross cortical defonnations and with a history of parturitional injury. 
Furthennore, according to our experience, there is no type of microgyria or 
cortical destruction in general which exclu des a parturitional origin. t Pial 

"The inferior cerebral veins supplying the lower and lateral areas of the cerebral hemi
spheres terminate in the cavernous, superior petrosal and transverse sinuses. The anterior 
cerebral vein which supplies corpus callosum and gyms cinguli accompanies the anterior 
cerebral artery; its blood flows into the Galenic vein. 

t Yakovlev and Wadsworth ( 1941 and 1946 ) stressed that symmetric localization of 
cortical defects reflects intrauterine endogenous developmental disorders which should be 
discrirninated from "encephaloclastic," for example, parturitional conditions . These opinions 
were contested by Marburg and associa tes ( 1945 ) . 
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hemorrhages of the cerebral hemispheres occur extremely often; they are 
frequently associated with circumscribed cortical lesions. In our collection we 
have numerous observations of fresh superficial cortical foci involving the 
parietal or occipital lobes in regions which are of importance for the de
velopment of speech and reading, as well as for auditory, tactile and visual 
perception in general. The same areas were often affected by cicatrices in 
cases in which mentally deficient patients survived parturitional brain injury. 

The temporal lobe is another predisposed site for circumscribed parturi
tional cortical involvements. Their significance in the etiology of epilepsy is 
generally acknowledged ( Penfield ). 0 1-Iere, too, we had the opportunity to 
compare fresh lesions covered by pial hematomas in the newborn with cicatrices 
in older mentally deficient and epileptic individuals who were victims of 
typical parturitional inj ury ( fig . 5). 

The basal ganglia are very often affected by birth injury. In a series of 127 
brains of stillborn children and infants who died up to the eighth month after 
birth, we found 59 cases in which parturitional lesions of the cerebral white 
matter and basal ganglia were simultaneously present (Wald). 

The head of the cauda,te nucleus often undergoes extensive destruction by 
hematomas related to the terminal vein. Pigmented, typically located cicatrices 
of this lesion substantiate the postmortem diagnosis of parturitional injury. t 
Smaller parturitional vena terminalis hematomas may produce characteristic 
subependymal cysts which persist for many years and even decades. Another 
type of sequel of vena terminalis hemorrhage is a cicatricial concretion be
tween striatal ependyma, septum pellucidum and callosal body (Norman). 
Scars of this origin may obliterate the anterior horn.t 

Absence of parts of the tail of the caudate nucleus also suggests partmitional 
injury: this segment is exposed to hemorrhages affecting the posterior branch 
of the terminal vein in newborn, particularly in premature children. 

Subependymal rarefaction of the head of the caudate nucleus produces 
cicatrices termed "status fibrosus" or "status marmoratus" (C. and O. Vogt ) . 

The putamen displays a tendency to selective lesions in parturitional in
jury. Systematic investigations disclosed that this type of damage often occurs 
bilaterally.§ No doubt those massive hypermyelinated cicatrices of putamina
which were described by Anton as early as 1896 and observed by us in our 

0 "Accidents at delivery are the most frequent as well as the most common causes of 
epilepsy" ( Pierre Marie, 1928 ) . 

t Hempel ( 1940) and Gollnitz ( 1954) investigated encephalograms of retarded children 
who displayed defective intelligence, motor disturbances, or speech disorders and sur
prisingly often observed characteristic ventricular deformations corresponding to parturi
tional lesions caused by hematomas of the terminal vein. 

tA!though analogons "goniosynapses" ( Costoulas) occur inclependently of birth trauma, 
gross bridge-like adherences could be attributecl to hirth injury in mentally deficient and 
palsied individuals with a history of parturitional lesion. 

§ Isolated and selective lesions of certain parts of the central nervous system, which are 
defined as independent morphologie and functional entities ( C. and O. Vogt's "topistic 
units"), very often occur ( e.g., involving the en tire white matter of both cerebral 
hemispheres, or the entire putarnen, tl1e entire pallidum, the olivary nucleus, the dentate 
nucleus, the anterior nucleus of tlle thalamus, etc.). See Ph. Schwartz and H. Cohn, 1930. 
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Wrentham material-are to be considered as results of parturitional lesions. 
Related to these massive cicatrices is the classic pattern of status marmoratus 

with netlike distribution of hypermyelinization and glial cicatrical pro
liferation. 0 

Selectivity also characterizes parturitional lesions of the palUdum. We had 
the opportunity to compare corresponding parturitional findings with a case of 
bilateral selective pallidal rarefaction ( softening) in an adult who suffered 
cranial trauma. It was shown that pallidal "status dysmyelinisatus" ( C. and 
0. Vogt) is often of parturitional origin. t 

Fresh softening foci of the cerebral white matter of icteric children who 
died a few days after birth are frequently saturated with bile pigment. These 
observations suggest the possibility that regressive changes which occur in 
kernicterus in selective nuclear regions of the basal ganglia and brain stem 
are not always the consequences of primary impregnation by bile, but may 
perhaps result from attraction of the yellow pigment due to a pre-existent 
parturitional tissue lesion.t 

Gross defects of the anterior thalamic body may also be the consequence of 
extensive vena terminalis hematomas. Rarefaction processes of the thalamus 
produce scars of the same type as in the striatum on eut surfaces resembling 
polished marble. Of course, other types of thalamic scars also occur following 
parturitional damage. In one case we observed a unilateral spiral scar 
within the thalamus of a 2 year old child with a typical history of a birth 
in jury ( A. 105/25, Frankfort am Main). 

Striatal and pallidal lesions are responsible for athetotic choreic motility 
disorders and spastic rigidity of the skeletal musculature. In a case of parturi
tional thalamic damage, clinical symptoms observed in a 6½ year old epileptic 
girl included emotional crises characterized by outbursts of uncontrolled af
fection or destructive hate ( A. 6/51, Wrentham, Mass.). 

Parturitional lesions are often localized in the mesencephalic parts of the 
brain stem ( fig. 3). These foci may be of great significance in the development 
of parturitional mental deficiency: the corpora quadrigemina fonction as inte
grative organs for visual and auditory impulses; their implication may pro
voke severe limitations of intellect as a result of defective coordination ( Gell
ner, Bailey and Windle). 

The medulla oblongata, pons, mesencephalon and thalamus contain the 
reticular body with its large mass of nerve cells present in the brain of primitive 
animals and human beings; its nuclei are often affected by hemorrhages in 
acute parturitional injury. ,,ve have observed lesions of this region in adults 
who suffered mental and physical prostration for months or even a few years 

"Small scars of this type are found quite often in both parts of the striatum if they are 
systematically and thorougbly searched for in mentally deficient and even normal persans. 

/The history of patients displaying symptoms of this condition often reveals parturitional 
"asphyxia" or severe icterus neonatorum ( see Hallervorden and Meyer, 1956). 

tOrth (1875), the discoverer of this condition, and Schmorl (1903), who coined the tenn 
"kemicterus," assumed the presence of a primary cerebral lesion which enables the bile 
pigment to permeate the injured tissue ( see also Pentschew, 1948 and 1949). 
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after severe cranial trauma like individuals subjected to parturitional injury. 
We noted the development of internal hydrocephalus in cases in which 

parturitional hemorrhages occluded the aqueduct. Analogous observations 
were repeatedly made ( Siegmund [1923], Dietrich [1924], Russell [1949], Jack
son and Werner [1950]). 

Another group of important lesions of parturitional origin includes conditions 
of the medulla oblongata often called "congenital nuclear clefects" ( Heubner, 
Mi:ibius, Zappert, van Gilse, Heimburg.). Along with other authors we observed 
acute parturitional lesions often enough to justify acceptance of Dollinger's 
interpretation of this syndrome as correct. No doubt syringobulbia, and par
ticularly syringornyelia, may also develop as a consequence of parturitional 
injury. Since Schultze's :6rst publication in 1895, quite a few analogous ob
servations were reported (Thomas [1895], Pfeiffer [1896], Bawli [1896], Zap
pert [1901], Beevor [1902], Westphal [1903], Handwerck [1903], Kolpin [1905], 
Wittich [1910], Stolzenberg [1911 ], Kooy [1920], Zielakowsky [1923], Weitz 
[1924], Valentin [1929]) . 

Sorne observations indicate an etiologic connection be~,veen Oppenheim's congenital 
amyotonia and parturitional injury ( Beevor, Lawat chek, Stone, Scott, Dollinger, and Oppen
heim ). According to Fie big, parturitional in jury rnay be regarded as the decisive etiologic 
factor in about 50 per cent of the cases of in fantile psettdo-bulba.r paralysis; prematurity is 
also often rnentioned in the case histories. Significant speech defects may prevail in this 
condition; mental defects are frequent, as well as forced laughter and crying ( see also 
Peritz ). 

Our report would not be complete if we failed to mention the fact that the 
brain and spinal cord, once they have sustained parhtritional injury, remain a 
locus minoris resistentiae for a prolonged period. ·we observed relapses of 
parturitional processes following superimposed infections. Also, we have seen 
the appearance of fresh pial thromboses in cases in which the original par
turitional injury was characterized by thrombotic occlusion many years before 
death. Furthermore, of importance is the inclination to apoplectic hemor
rhages in adults who display considerable parturitional destruction. 

A new aspect of our problem is revealed if we recall that the onset of 
osychotic syndromes occurs frequently in persons who displayed only de
ficient mentality for many years or even decades. 

PART 6: PREVENTION AND ALLEVIATION OF PARTURITIONAL INJURIES 

Systematic investigations have shown that premature delivery is one of the 
most important factors in the development of parturitional cerebrospinal 
lesions, and therefore in paranatal mortality, as well a; in postnatal diseases of 
parturitional origin. Of course, it is not incidental that so many of the cases 
which served O. Foerster in his pathophysiologic analysis of striatal motility 
disturbances were premature births. ~ Te recall that Little's conclusions were 
also based on the observation mainly of premature infants. 

Among 100 newborn infants who die at birth or during the flrst months of 
life, about 50 are prematures. Fifty percent of the total number of babies born 
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prematurely die in the course of the first few weeks after birth. 1> In Germany 
in 1926, the year in which we carried out our statistical investigations, 40,000 
premature infants <lied at delivery or during the first months of life. There 
were 80,000 premature births. On the other hand, among 1,250,000 full-teim 
children we registered a loss of 40,000 at delivery or in the course of the first 
months of life. Thus, while every second premature baby <lied at birth or dur
ing the first days or weeks of life, only every thirtieth full-term infant suc
cumbed. A number of studies undertaken in various countries since 1926 have 
shown that this same situation still predominates today. t In some countries, 
especially in large cities, even worse conditions prevaiU Thus, it is apparent 
that if, in an ideal case, the number of premahire births could be diminished, 
and if those 80,000 children mentioned above could become full -term babies, 
then this fact alone would automatically decrease the death rate 15 times. 
Of 80,000 children condemned to premature birth, we should lose not 40,000 
but only 2500, provided they all became full-term deliveries. Therefore, the 
entire neonatal mortality rate for the first month of life could be diminished 
by approximately 45 to 50 per cent. Does a practical possibility of reducing 
the frequency of prematurity exist? 

Studies to clarify the causes of prematurity have shown that we are con
fronted with a special phenomenon connected with economic and social condi
tions. We investigated 1868 births in Frankfort am Main between August 1, 
1924 and Decem ber 16, 1926 ( Csillag ). We ascertained by persona! contact 
the social level and economic position of the families concerned; 101 still
births were observed, 57 of which were related to prematurity. Their distribu
tion into six classes, based upon the social and economic standards of their 
parents, was as follows : 

In the two highest classes ( independent merchants and industrialists ; in
tellectuals), there were only five cases of premature stillbirths ( 8.8 per cent). 
The lowest social and economic class-illegitimately pregnant women, unem
ployed workers, occasionally or not permanently employed workers-contri
buted 87.7 per cent of the total number of stillborn prematures. The remaining 
3.5 per cent of premature victims were born to families of state or private 
employees with low salaries, but enjoying life-time security. Forty-two per 
cent of all the prematures who died were illegitimate. Similar results were 

t Capon ( 1955) emphasized that in 1947, in various administrative boroughs of Greater 
1938-47 in the Liverpool Maternity Hospital. Of the 475 cases of neonatal deaths in tllis 
group, 307 were premature babies. Toverud ( Oslo, 1936 ) stud.ied autopsy findings in 
953 babies; 534 were premature deliveries. 

j According to Calrnus, 53 to 54 per cent of the infants born alive wbo died in th e 
neonatal period at the Hôpital Saint Louis, Paris, in 1946 to 1948 were born before term. 
Ellis ( 1948 ) stated that in Scotland prematurity is a contributory cause of more than 50 per 
cent of all neonatal deaths, and its role in stillbirth is almost equally important. 

1>Capon ( 1955) emphasized that in 1947, in various administrative boroughs of Greater 
London, neonatal mortality rates ranged between 11 and 45 per thousand, prematures and 
full-tern1 babies included. "These facts are a useful reminder that in every center there is 
always a possibility for further irnprovement, and there can be no grounds for compla
cency . ... " 
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obtained from inquiries held in England and in the United States. 0 

Comparative statistical investigations have shown that in countries such as 
the etherlands and Denmark, which have a population of preponderantly 
well-to-do farmers, and where living conditions in general are very good, 
mortality of the newborn is between 1 and 2 per cent. In fact, there are very 
few premature births in these countries. 

The disastrous burclen of prematurity coulcl be almost completely eliminated 
by the application of efficient economic and social measures. 

At any rate, cerebrospinal parturitional lesions prove to be a decisive factor 
in neonatal mortality, even if the pathology of full-term babies alone is con
sidered. The younger the mother, the smaller will be the danger of parturi
tional injury to her child. This is also true of full-term babies. The optimum 
age for bearing children is between 19 and 2.3 years. Gcnerally speaking, the 
greater the number of siblings preceding the baby expected, the better' will 
be his prospects of being born safely. 

Thus, we feel that social and economic conditions which encourage marriage 
between young people, and measures guaranteeing the security of famili es with 
many children, are effecti-r;ely instrumental against birth in;ury. Safeguarcling 
the mother before and after clelivery, and the multiplication of obstetric 
clinics, are most urgent necessities. Such care would reduce the ravages of 
parturitional injury to a minimum. If applied, these same measures would 
progressively decrease the occurrence of primiparity in older women, a factor 
which considerably influences perinatal mortality and morbidity related to 
parturitional injuries. Social and economic intervention would perhaps elim
inate another pathologie condition due to poverty and neglect, namely, the 
rachitic narrow pelvis which endangers the baby's life. 

In this connection, progress in determining the indications for cesarean 
section in cases of narrow pelvis, postmaturity, abnormal presentation and 
cld primiparas seems highly desirable. t Also, it is e3sential to improve the 

0 In 1948, the Joint Committee of the Royal College of Obstetricians and Gynaecologists 
and the Population Investigation Committee stated in its report on Matemity in Great 
Britain that the incidence of prematurity and neonatal deaths is relatively low in groups of 
mothers who have received special care during pregnancy. Baird ( 1955 ) stressed that the 
primipara stillbirth rate was 30 per cent higher in domiciliary practice than in hospital 
practice, and a rnuch higher proportion of stillbüth was due to parturitional trawna. "These 
figures strongly suggest that ail primigravidas should be confined in a hospital." 

f Anatomie investiga tions which disclosed the high frequency of cerebral lesions due to 
parturitional injuries have given rise to rnuch discussion about practical solutions. Gen
erally speaking, reaction has been ambiguous. Many obstetricians felt that a change in 
methods of delivery was inevitable. Others, defending the traditional outlook, sometimes 
minimized the importance of the new observations . Sorne obstetricians accepted the neces
sity of reform and suggested the introduction of cesarean section as routine practice in 
deliveries. Statistical investigations have shown that this intervention, under optimum 
conditions, that is, performed at the end of the pregnancy before the beginning of labor, 
gives excellent results. However, if the socioeconomic conditions which presently prevail 
remain unchanged, and the number of premature births cannot be reduced, the bes t and 
most courageous surgical measures would only slightly influence infant mortality at birth 
and in the neonatal period as a whole. 
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methods which make it possible to determine the fetus's condition before and 
during delivery, and the prognosis of the entire birth process. For this purpose, 
systematic electrocardiography of the child during delivery may be useful. 

Methods corresponding to the technical level of our time should also be 
found to make possible the registration of intrauterine pressure, which is not 
only the most important factor in delivery, but also an indicator of the neces
sity for intervention. 0 

We believe in the efficacy of prevention rather than in the benefit of thera
peutic interventions after a birth injury has ah-eady occurred. 

This is not the place to estimate the economic lasses resulting from fruitless 
pregnancies and the care of the victims of birth injury. Nonetheless, it is ap
parent that the establishment of a rational program to combat parturitional 
mishaps would prove beneficial even from the economic standpoint alone. t 

CoMMEKT 

The ongm and evolution of a scientific problem are closely tied to the 
general development of our culture, and to the responsiveness of our social 
conscience. Parturitional lesions of the nervous system in the newborn were 
recognized as early as 135 years ago. Since then, few subjects in medical litera
ture have been as frequently considered as these accidents. A survey of this 
wealth of material indicates that enough is now known of the incidence, causes 
and consequences of birth injuries, but that the adoption of measures to com
bat their occurrence is long overdue. Even today, innumerable human beings 
suffer fatal injury at birth. Others survive, but remain seriously disabled 
throughout their lives. Parturitional involvement of the central nervous system 
in newborn infants is one of the most frequent and most deleterious of dis
eases, and perhaps the most neglected condition in human pathology . .:.t is 
essential that this fact be generally known. Only then can appropriate 
measures be taken to enable all mothers to give birth to healthy, normal 
children. 

°Crodel ( 1930 ) reported the construction of a tokergorneter and claimed that his ap
paratus would rneasure the work of the uterus during delivery. Vve are inclined to believe 
that Schatz's tokodynamometer, based on the principle of direct measurement of intra
uterine pressure, would be more suitable if equipped with attachments permitting elec
tronic registration. Exact measurement of intrauterine pressure would enable us to deter
mine the point at which the child's life becomes endangered during delivery. We also 
have in mind an apparatus which, when applied to the external orifice of the mother's 
birth canal, could regulate the pressure differences between the uterine contents and the 
exterior. 

jApproximately 126,000, or 3 per cent, of the 4,200,000 children barn annualJy in th e 
United States are mentally retarded. It has been estimated that there are 360,000 cases of 
cerebral palsy in this country, requiring $216,000,000 per annum for care. On th e other 
hand, the cost of one delivery is said to be $334, $419 for complicated cases, and $588 for 
abdominal cesarean section. These expenses are the same for deliveries which result in the 
birth of a healthy useful rnernber of society and those producing stillbirths or victims of para
natal mortality, of parturitional cerebral palsy, mental deficiency or epilepsy. ( Annual 
Report of Medicare, The ew York Times, June 21, 1959 ). 
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New light was thrown on birth injury after the First World War by Ylppo 
(1919 ), Rolland ( 1920 ) and Wohlwill (1921 ). The present author was priv
ileged to show by systematic investigations ( 1921-27 ) that parturitional le
sions-hemorrhages and softening processes-of the brain substance itself are 
very frequent, and that these changes are the most common cause of new
born and infant mortality and of so-called congenital defects of the central 
nervous system. The connection between the problem of Virchow's congenital 
encephalomyelitis and parturition al injury became manifest ( Schwartz, Sieg
mund, Berberich and Baer, Brunner, Neubuerger, Rook, and Rallervorden ) . 
The lower pressure ( release ) principle as the rnost important propelling force 
of the normal birth process was revealed, and its significance in the develop
ment of parturitional intracranial and intracerebral lesions became evident 
( Schwartz, Siegmund, Wohlwill , R eidler, Rolland, v. Jaschke, Sellheim, 
Ehrenfest, Arey and Dent ). In collaboration with Voss, Berberich, Stern and 
Wiechers, we established a clinical symptomatology of parturitional cerebro
spinal lesions. Extensive statistical investigations ( with the participation of 
Kokaschevely, Chaskalson, Abraham, Csillag and Gintscheff ) disclosed, as 
early as 1926, that dietetic and hygienic measures against infant mortality 
have not inBuenced paranatal newborn mortality at all, and that these lasses 
could be reduced only by social intervention. 

One of the high points of the discussion-often rather fi erce-was attained 
when Siegmund, abandoning bis initial opposition after thorough examination 
of voluminous material, wholeheartedly endorsed my pathoanatomic observa
tions ( 1922 ) . 0 Wohlwill, another determined adversary in the discussion, also 
confirmed bur findings concerning the frequency, morphology, pathogenesis 
and social implications of parturitional cerebrospinal lesions in newborn 
children. Another climax was reached at the Convention of the German Society 
for the Exploration of ature (Deutsche Taturforschender Gesellschaft ) in 
Düsseldorf, 1926, at which our pathoanatomic observations were clinically 
evaluated by obstetricians (Sellheim, von Jaschke), as well as by pediatricians 
and neurologists ( Ylppo, Zappert and Voss). Sin ce then, certain facts on par
turition al cerebrospinal lesions have beccme classic concepts of medicine 
(Pfaundler ). 

We are indebted to Dollinger ( 1927 ) for a survev of clinical conditions of 
parturitional origin. In France, Waitz ( 1931 ) and later Schachter ( 1950 ) 
substantiallv developed knowledge on parturitional lesions. In Scandinavian 
countries. Rydberg ( 1932 ), Toverud ( 1936 ) and Froding ( 1929 ), in Fin land, 
Ylppo ( 1926 ) , Bran der ( 1935, 1937. 1938) and Hirvensalo ( 1949 ) have en
riched the literature. R eidler ( 1930 ) and Neurath ( 1925 ) confirmed, and 
further developed, the new observations in Austria. In England, after re
peated investigations of the problems by parliamentary special commissions 
under Rolland's leadership, Capon and Baird recoisnized decisive social im
plications and succesfully suggested clinical reforms. Another important 
achievement of English researchers in our field was the convincing revelation 

" Siegmund is the aüthor of a recently published comprehensive survey of parturitional 
cerebrospinal lesions. 
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of a connection between parturitional injury and status marmoratus of the 
basal ganglia (Meyer, Norman) . 

In this country, since 1923, William Sharpe, on the basis of extensive clinical 
observations, repeatedly stressed parturitional hazards. Ehrenfest's monographs 
( 1922, 1931, 1949) effectually summarized our knowledge and provided strong 
incentive for further research. Rosanoff's investigations and comprehensive 
publications ( 1937, 1938, 1947) on the etiologic role of parturitional injury in 
neurologie disorders and mental deficiency eradicated, or, at any rate, weakened 
many traditional prejudices concerning so-called congenital conditions. Mar
burg and associates ( 1944, 1945), as well as Benda ( 1945, 1952), reported on 
cases of parturitional cerebral defects, particularly porencephaly, and stressed 
the decisive pathogenic importance of circulatory disturbances affecting the 
system of the Galenic vein. Benda ( 1952) and T. Malamud ( 1959 ) explained 
instances of status marmoratus as consequences of parturitional congestional 
processes in the Galenic system; while Courville ( 1959) preferred to con
sider this type of change and other "congenital" cerebral lesions as caused by 
parturitional "anoxia." 

SUMMARY 

The birth process endangers the mature fetus by mechanical stress during 
expulsion, by circulatory disturbances affecting many organs, and by reduction 
of the oxygen supply of the cerebrospinal tissue. Prematurity, certain congenital 
constitutional diseases of the fetus , diseases of the mother, pelvic abnormalities, 
etc., may accentuate the hazard. 

A number of observations on parturitional fetal conditions may be con
sidered as definitely established facts: ( l) the high frequency of pial and intra
cerebral hemorrhages and cerebrospinal softening processes; ( 2) the regular 
involvement of the Galenic system, particularly the terminal and lateral ven
tricular veins; ( 3) the pathogenic importance of pressure differences between 
uterine contents and atmosphere during the birth process after rupture of 
the amnion; ( 4) the pathogenetic importance of bitemporal and fronto-oc
cipital compression of the cranium during its passage through the pelvis; 
( 5) the pathogenetic importance of intrauterine suffocation; ( 6 ) the para
mount importance of parturitional cerebrospinal lesions in perinatal mortality 
and clinical pathology; ( 7) the importance of parturitional cerebrospinal lesions 
in the development of cerebrospinal defects and deformations; ( 8) the etiologic 
importance of parturitional in jury in mental retardation and epilepsy; ( 9) the 
particular exposure of premature babies to parturitional injury; and ( 10) the 
influence of socioeconomic factors on the frequency and intensity of parturi
tional cerebrospinal lesions. 

All these facts provide a solid basis for future morphologie, pathogenetic 
and clinical research and also for the prevention and mitigation of fetal 
parturitional cerebrospinal injuries. 

From the point of view of prevention and mitigation of parturitional in
juries it seems presently more important to concentrate on obvious and gen
erally acknowledged facts than to insist on differences in pathogenic inter
pretation. 
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We have shown that pre11naturit,y is one of the most urgent problems of 
modern medicine. W e believe that the general social standard of a country 
should be evaluated by the number of children barn prematurely each year. An 
open sore in the body of humanity would thus be bared, and rational measures 
to heal it could be taken. Social legislation should be enacted to create an 
atmosphere which will encourage women to have their first child while they 
are young and which will give them the opportunity to carry the child to the 
end of a normal pregnancy. 

Legal guarantees for motherhood, and legal guarantees for the conservation 
and development of human lif e, are the two leading principles which must 
f orm the basis of the fight against neonatal lasses and the pernicious out corne 
of parturitional injuries in general. The result of universal adoption of such 
measures would undoubtedly be a reduction in perinatal mortality, in materna] 
mortality, and a general rise in the intellectual level of the population. We 
believe that the number of morons, imbeciles, idiots, paralyzed children and 
epileptics, as well as the number of neuropaths, psychopaths, stutterers and 
poor students would then be considerably diminished and that the physical 
and mental productivity of man could be greatly increased. 
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