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PREFACE TO THE SECOND EDITION

Indicative, beyond doubt, that there has been an urgent need for a new
scientific approach to the problems of mongolism and eretinism is the fact
that in less than three years a second edition has become necessary. The
friendly response to the data presented in this book is encouraging. Dur-
ing the last two years a steadily inereasing number of publications have
dealt with mongolism and suggest that this long neglected chapter of
human pathology seems finally to be coming into its own.

A number of reviewers have cited the author's theory of mongolism
as stating that it results “from pituitary deficiency of the mother and
embryo” or that mongolism is “caused” by congenital hypopituitarism.
A well-known author of books on child psychiatry quotes the writer as
attributing “a causal role to a dysfunction of the hypophysis and more
particularly of the hormonal seeretion of the basophilie cells.”

Sinee similar statements are repeated by numerous reviewers—reading
apparently other reviews rather than the original source —it seems ad-
visable to orient the reader by a brief statement on the present status
of research as presented in this book.

The name “mongolism™ is unfortunate and misleading. The condition
encompasses an abnormal fetal development which varies in its physical
manifestations and in intensity of mental retardation. The mongol-
“like” features are frequently not conspicuous and the absence of certain
physical signs often prevents the diagnosis early after birth. Moreover,
in some instanees, mental deceleration is outstanding with not too marked
physical aberrations; in other cases, physical stigmata are conspicuous, but
mental capacity is only moderately impaired. The Langdon Down
syndrome (congenital acromieria, |Benda]) should be conceived like other
syndromes, for instance, Hurler's syndrome (gargoylism), as a congenital
symptom complex, characterized by a specific deficiency of physical and
mental growth and endocrine metabolism. Such a coneept would help
gradually to eliminate the term “mongolism.”

In the etiology of this condition, two problems must be distinet: first,
the causes leading to the abnormal development of the embryo; and,
secondly, the abnormal factors operating in the mongoloid child that
prevent it from maturing in a normal way. Since mongolism is present
at birth and the faulty development takes place in the early stages of fetal
erowth, the causative factors are either of a genetic nature, or environ-
mental, operating in the mother during gestation. The author beheves
that his data, which encompass now a study of around 500 families, provide
evidence that mongolism is not due to genetic factors. He considers
mongolism as the result of a deceleration of the developmental rate due

Vil



Vil PREFACE

to noxious agents interfering with proper blood supply and nutrition of
the growing fetus. The most eritical time seems to be the end of the
organogenetic period from the sixth to the fourteenth week, when the
maternal corpus Iuteum regulates fetal development and nutrition of the
fetus is gradually transferred to dependency upon the placenta. The
data at hand seem to indicate that mongolism can be potentially the out-
come of any pregnancy if a constellation of factors occurs which produces
a threshold econdition of sterility. The various factors which seem to be
responsible are discussed at length in chapters X and X1I.

A deceleration of the fetal growth rate, due to abnormal hormonal and
nutritional conditions, may explain why the newborn is an “unfinished”
or “ill-finished™ child, but it cannot explain why the mongoloid does not
develop normally after he is born. Children with other congenital anom-
alies show, in general, a much better physical growth rate.

Clinical and anatomic studies of children with mongolism produce
evidence that all endoerine glands like the thyroid, adrenals and gonads,
which depend on the stimulating action of the tropic hormones of the
pituitary, remain dormant. As the result of a faulty metabolism, changes
are evident in the bone cartilage, liver, brain and other tissues. These
observations point toward a basic deficiency in the funetion of the pitui-
tary, the “master gland,” that maintains a key position in the regulation
of tissue metabolism. This book offers evidence that the abnormal
prenatal condition ereates a congenital hypopituitarism. Pituitary fune-
tion, on its part, depends on the brain, which receives the stimuli from
the outside world and primes the organism as a whole for proper responses.
Extensive studies of the nervous system reveal that the nervous system
15 immature at birth and develops at a much slower rate than necessary.
The vicious eircle between brain and endocrine systems keeps the mon-
goloid child constantly out of tune with normal development, and if left
to its own resources, the mongoloid child falls consistently further back
in its mental and physical growth. This situation is similar, though not
identical, with that of cretinism, where the deficiency of the thyroid results
in the arrest of physical growth and of mental development. The brain
becomes edematous, like other organs, and the nervous system degenerates
progressively if no steps are taken soon after birth. The arrest of brain
development in cretinizm, on its part, leads also to a degeneration of the
pituitary, which terminates physical growth.

In understanding the factors which operate in the mongoloid child
and which prevent its normal development, the author is convineed that
science will develop ways of coping with this situation. The treatment
of the mongoloid child has to break into the vicious circle somewhere,
and since af present the endoerine deficiency is easier to control than the
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retarded brain maturation, consistent attempts should be made to correet
the physical growth disorder. Later on, science may provide means to
cope more effectively in a direet way with abnormal brain maturation.

The present edition is revised where further research offers new data.
As far as the original research is coneerned, new observations have con-
firmed the facts presented in the first edition, and the first nine chapters
needed only minor corrections.

Chapter X, “Relationship of Mongolism to the Maternal Condition,”
presents the basic data as to the etiology of mongolism. The material
seems to provide definite evidence that mongolism develops in the fetus
under a constellation of certain adverse factors which operate in the
maternal organism and deprive the growing embryo of a proper nutritional
environment. The chapter has been thoroughly revised, and the ac-
cumulated evidence lays the foundation for a preventive approach briefly
outlined in Chapter XI.

The experience gathered from the treatment of mongoloid children
during the last eight vears makes it possible to strike a somewhat more
optimistic note and to outline a new program based on observations col-
lected from the community as well as from institutions. Chapter XII,
“Principles of Treatment,” has been accordingly revised and enlarged.

CLEMENS K. BENDA
ArvingTOoN, MAsSsAcHUSETTS
Junge, 1949.



PREFACE TO THE FIRST EDITION

A few years ago a speaker at the Royal Society of Medicine in London
referred to our ignorance of the condition known as mongolism as a “dis-
grace to the medical profession.” His charge was irrefutable, and the
situation today is little changed. Texthooks and standard medical pub-
lications refer to mongolism as a “mysterious” or “unknown” disease and
freat it as briefly as possible. Most of the current thinking about it dates
back to opinions expressed forty or fifty years ago. These facts are all the
more startling since mongolism is the most frequent growth disorder of
infaney—at least ten times more prevalent than eretinism i America.
The number of living mongoloids in the United States is estimated at
60,000. Of about 8,650 daily births in this country, at least 17 are probably
mongoloids. Seventeen babies born daily into normal families, often
babies, as observations show, who have been more deeply desired by their
parents than many of their more fortunate brothers and sisters.

The purpose of this book is to rid mongolism of the mystery clonding
its proper medical recognition and to publish data which were colleeted in
the Wallace Research Laboratory, devoted to the study of mental de-
ficiency, during ten years of continuous research. The collected facts
may guide the physician in his management and treatment of the condition.
Mistaken notions of a heredity factor with consequent feelings of disgrace
at having produced a feebleminded child have ruined the lives of many a
family. Doetors who think of mongolism as a “regression to the Mon-
golian race’” or a pathological “racial mutation” searcely ameliorate the
situation. Efforts to treat these children are often met with skepticism or
delayed until nothing can be done.

In the course of this study of mongolism, more than three hundred
different patients of all ages were examined, and many were observed for a
period of almost ten years. Repeated measurements, radiological observa-
tions, biochemical and psychological studies rendered a wealth of data
which indicated an endoerine deficiency disease of a particular character.
Through the performance of fifty autopsies, it was possible to study every
aspect of this disease from the time of birth to death, the oceurrence of
which ranged all the way from two days to over thirty years. Much
gratitude is due the many parents who co-operated freely, furnishing all
required personal information and giving autopsy permission “in order
that future generations may benefit.”” The co-operation of members of
some other hospitals in furnishing material which was not available at our
place is also greatly appreciated.

The material colleeted should be of broader interest than just to those
concerned with this particular problem. In the mongoloid, nature has

X



PREFACE Xl

provided mankind with one of her strangest experiments—creating a hu-
man being without proper function of the pituitary, the “master gland.”
Countless experiments have been made as to the effects of pituitectomy in
animals, but so far scientists have taken little advantage of their unique
opportunity to study this striking endocrine disorder in man. Actually,
the philosophical aspeets of mongolism, which so greatly impressed the
first investigators, have beclouded its interesting biological aspects. The
frequency of the condition furnishes endocrinology, pathology, physiology,
and radiology with an unequaled opportunity. Although the endoerine
material is mainly collected from mongoloid patients, the findings on the
thyroid, pituitary, adrenals, and gonads offer the opportunity of studying
the general relationship between the various endocrine glands in man.
The influence of pituitary deficiency upon the other endoerines is as well
demonstrated as, conversely, the reaction of the pituitary to thyroid and
gonadal deficiency. The findings in mongolism offer practical demon-
strations for the pathology of all known growth disorders.

The relationship between the birth of a mongoloid and the condition
of the mother during pregnancy throws new light on the importance of the
health of the pregnant woman. Although suspected for many centuries,
the relationship between the prenatal condition of a mother and the birth
of an abnormal child has never been elarified. This material presents some
evidence on this subject which is of general significance and may provide
means of preventing the oceurrence of such disaster.

When it was decided to include eretinism in this book, it was with the
idea of comparing mongolism, the unknown disease, with cretinism, the
well known one; of contrasting a complicated growth disorder of unknown
origin with a growth disorder produced by a single gland. Since there are
hundreds of contributions dealing with eretinism and the various aspects
of experimental thyroidectomy, it felt like safer ground. But, in the course
of the study, it turned out that eretinism, too, 1s generally less understood
than the writer realized. Some readers may feel that cretinism does not
receive a fair deal, being less extensively discussed than mongolism. The
author did not attempt to cover the whole field. The physiological studies
on thyroidectomy and the chemiecal aspeets of iodide metabolismare
omitted. The books of Means, Salter, and Hertzler, to mention only three,
diseuss with competence and authority the eclinical, chemieal, and surgical
aspects of thyroid disease.®

* Hertzler, Arthur E.: Diseases of the Thyroid Gland. Paul B. Hoeber, Ine., New
York and London, 1945.

Means, J. H.: The Thyroid and Its Diseases. J. B. Lippincott Co., Philadelphia,
19357 .

Salter, William Thomas: The Endoerine Funetion of Iodine. Harvard Univer-
sity Press, Cambridge, 1940.
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On the other hand, the writer felt that the large amount of clinical,
pathological, anatomiecal, and x-ray observations which he was able to
colleet made it possible for him to present some aspects which have not been
too well covered previously. Gaps may be filled and emphasis placed on
those angles which need more attention. The condensed treatment of
cretinism is due to a conseious effort to avoid repetition.

For almost a thousand vears, mongoloids and eretins have been confused
with one another and considered brethren. Only during the last half
cenfury have differences between the two become inereasingly appreeciated.
Now, with the recognition of the etiologieal factors operating in each, the
time has come to compare the thyroid eretin and the “pituitary eretin”
and to place emphasis on similarities as well as differences. Both condi-
tions have given rise to wilder speculations than any other diseases. It is
to be hoped that thorough study of them will benefit not only the unfor-
tunate patients, but medicine as such.

WrENTHAM, MASSACHUSETTS Cremens E. BExpa
Juxg, 1946
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CHAPTER 1

HISTORY, FREQUENCY, TERMINOLOGY
Mongolism

HisToricAL INTRODUCTION

When Langdon Down published his elassic paper on Ethnic Classification
of Idiots in 1866, which deseribed mongolism for the first time, he was
influenced by a dogma, prevalent in his day, that pathological phenomena
were frequently retrogressions into earlier types in the history of man.
Mongolism, he believed, is “an example of the retrogression which furnishes
some argument in favor of the unity of the human species.” In spite of
his philosophical speculations, Down’s observations on the mongoloid
are very accurate in many ways. He considered the econdition as one
type among various ethnic groups of idioey.  Although he did not mention
cretinism in this paper, several years later he gave an accurate deseription
of the sporadic cretin. He desecribed some aspects of both types in almost
identical words, but he never expressed an opinion about their mutual
relationship.

John Fraser and Arthur Mitchell deserve the credit for giving the first
scientific report on this type of mental deficiency, in a meeting of the
Medico-Psychological Association held at the Royal College of Physicians,
Edinburgh, December 14, 1875. Their report was published in the Journal
of Mental Science, July 1876. It is inferesting to note that when Dr.
Mitehell first ealled Fraser’s attention to the ease which he presented, he
was not aware of any literature on the subject. Mitchell, who was then
Commissioner of Lunacy, said that this condition was known by the name
of “Kalmuc idioey,” which he described as “a form of idioey rarely met
with in asylums, but nevertheless not really uncommon.” Dr. Ireland,
who discussed Fraser’s paper, and the chairman of the meeting rejected
the term. Fraser defended it “on account of the form of the eyes and the
size of the head.” His report dealt with a 40 year old woman of whose
skull he had made a fine reproduction. His deseription is a masterpiece
of clinical observation, and he covered every aspect of the condition very
thoroughly. Mitchell presented notes on 62 eases arranged according to
age groups, emphasizing the short life span and brachycephaly, which he
considered “almost invariably found.” e noticed no hereditary factor,
and no kinship of the parents, but observed bad health during pregnancy
in a great number of eases. ‘“The mental state is as distinet, as peculiar,
and as steady as the physical. If the patients were brought together, they

1
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2 MONGOLISM AND CRETINISM

would be found to resemble each other strikingly in personal appearance.
But more than this, they would also be found to resemble each other in
character, in capacity, in likings and dislikings, in habits, in defects, in ap-
titudes.” Mitchell recognized that these cases were not eretins but that
they had some aspects in common with the “eretinoid” idiot.

In 1877, Ireland included the mongoloid as a special type in his book on
Idiocy and Imbecility. Shuttleworth, in 1886, pointed out that these pa-
tients are in fact unfinished children, and that their peculiar appearance is
really that of a phase of fetal life. ‘I do not mean that they are necessarily
prematurely born, but that some cause has depressed the maternal powers,
and there has been a defect of formative force. It is remarkable that, in
my experience, nearly one half of these children are the last born of a long
family. . ...

The knowledge of mongolism increased steadily through a number of
Anglo-American publications which dealt with such characteristics as the
mouth and jaws (Robert Jones), the eves (Oliver, 1891), the hands (Tel-
ford Smith, 1896), and the heart (Thomson and Garroed, 1898). In Amer-
ica, Wilmarth carried out extensive work on the pathology of idioey as
early as 1885, 1886, and 1890, when he published a survey on the examina-
tion of 100 brains of feebleminded children.

[t is interesting to note that Bourneville, whose great pioneer work on
mental deficiency began in 1881, did not deal with mongolism until 1900,
after which his publications on this subjeet followed each other at yearly
intervalz.

In the same vear Kassowitz, in Vienna, took up the subject and studied
the relationship of mongolism fo infantile myxedema. In the following
decade much interest was centered on the differentiation of mongolism and
eretinism, an enterprise from which the knowledge of eretinism greatly
benefited. Mongolism was not so fortunate as eretinism, which attracted
the attention of outstanding medical authorities. Without the help of
surgeons of the fame of Horsley, von EKiselsberg, Reverdin, and Theodor
Kocher, eretinism would still be among the less well known diseases.

It is surprisging to note how little progress has been made in the knowledge
of mongolism since it was definitely divoreed from sporadic eretinism and
myxedema. Although the number of contributions is fairly large, the
reports usually deal only with a few cases or with a single aspect of the
condition. Considerably more material has been collected regarding the
relationship between mongolism and maternal age, but even on this subject
the interpretation 1s still a matter of argument.

In 1928, Brousseau's careful American monograph presented the col-
lected available material for the first time. The book offers a thorough
review of the literature and the many aspeets of the condition. However,
it does not attempt to underline the medical problems which are involved.
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Almost at the same time, in 1929, van der Scheer published a German
monograph that summarized his studies earried out in Holland, The
book abounds in personal experience. Unfortunately, van der Scheer
committed himself to an interpretation of the whole pathology, which he
explained on the basis of a narrow amnion sac which prevents the fetus
from full development. The “amnion sae theory,” which is now asso-
ciated with van der Scheer’s name, is little supported by facts. It has
obscured the merits of this publication, which rest on the abundance of
clinical material that the author collected.

FrREQUENCY

The frequenecy of mongolism has attracted attention from the very begin-
ning. Langdon Down claimed that the mongoloid type of idioey oceurred
in more than 10 per cent of mental cases presented to him. Later cal-
culations range from 5 to 25 per cent of the feebleminded, the variations
being due to the fact that the age factor is rarvely taken sufficiently into
consideration. Bleyer, in 1932, calculated the occurrence of mongolism on
the basis of a study involving almost 50,000 children in the out patient
department of the St. Louis Children’s Hospital. Among these, 777
mentally deficient children were found, or approximately one mentally
defective child in 60 dispensary cases. Among the mentally deficient there
were 150 mongoloid idiots, which gives a percentage of 0.3 per cent of the
total enrollment and 19.4 per cent of the mentally defective. On the basis
of these figures, one might expeet at least 2.3 mongoloids among 1,000 new-
born infants. As a matter of fact, this figure is too small, because Bleyer
has shown that among 30,000 children between the ages of 4 and 14 years,
45 mongoloid idiots oecurred ; but among 20,000 admitted in the first three
vears of life, 70 mongoloids oceurred.  Henee, in the yvounger group one
mongoloid appeared in about 285 dispensary children. Bleyer estimated
the number of mongoloid children in the United States to be at least 28,000.
Thiz number indicates impressively the importance of this condition, and
the fact that among every thousand newborn babies two or three mongo-
loids may be found shows the great toll which this disease takes from the
health of the population. The caleulated percentage of at least two to
three per thousand births seems to be correct for all countries of the white
race, as various publications from different places demonstrate. Lahden-
suu reviewed the frequency of mongolism in Finland. He encountered 40
mongoloids among 8,517 patients of the University Children’s Hospital,
Helsinki, in the period from 1925 to 1936, which gave him a percentage of
0.47. Hellsten figured 0.63 per cent mongoloids from statistics in the
Children’s Hospital of the University at Lund. Among a studied group of
34,494 children in Italy, Gallo found 94 mongoloids, which represented a
percentage of 0.27.
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As far as the proportion between the mongoloids and other groups of
mental defectives is concerned, the ealculations are not uniform because
some investigators used statistics from institutions for the mentally defec-
tive, while others calculated the percentage from outpatient material.
From the many different statistical studies, however, it appears definite
that mongolism accounts for 6 to 10 per cent of all mental deficiency.

Van der Scheer found 500 mongoloid persons among a general population
of 8,000,000 in Holland, which represents one mongoloid in 16,000 or 0.0625
per thousand. Penrose reported one in 10,000 in the eastern counties of
England. These numbers indicate the proportion between the mongoloid
patient and the whole population, including all age groups, but they do not
give a fair idea of how many mongoloids live in our midst. Such a number
can be estimated from the actual birth rate of mongoloids. A recent report
by Beidleman, based on observations in the Lying-in Hospital of Boston,
states that for the last fourteen years an average of 3.4 per thousand mongo-
loid births was observed with surprising uniformity. This shows a higher
birth rate of mongoloids than expected. Since the Boston Lying-in Hos-
pital represents an average maternity hospital, and since it is increasingly
common for all women to give birth at a hospital rather than at home,
there is no reason to assume that this rate does not represent an average
for all births. Possibly as many as 50 per cent of all mongoloid babies are
not recognized at birth. The babies are considered as normal, and a
child’s peculiarity is discovered only after several months have passed. If
other statisties should show a lower average of mongoloid births, the factor
that some ecases were not recognized has to be taken into consideration.
With a birth rate of almost 3,000,000 for the yvear 1943, a conservative
estimate would be that at least 6,000 mongoloids were born in that vear,
but the number may well be as high as 9,000. With a life expectancy of
only ten years for this group of patients, there are 60,000 mongoloid per-
sons among the general population in the United States. A life expectancy
of only ten years is based on the high mortality rate in the first year of life.
Warner reported that half of her subjects died when she was making a
study of mongolism, the average age of death being 12.6 months. Tred-
gold mentioned a loss of at least 25 per cent between birth and the age of
5 years. With improved health conditions and infant mortality on the
decline, the number of living mongoloids will, however, inerease consider-
ably during the next decade.

TERMINOLOGY

The time-honored name of “mongolism™ is so well established that the
term will never disappear, but the attempt should be made to reach some
uniformity of terminology and to eliminate expressions which are inaccurate
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and misleading. The name “mongoloid’” refers to the mongol-“like”
appearance of these patients. It cannot be denied that a superficial re-
semblance to the Mongolian race exists in a number of cases, especially at a
certain early age. But to term these children Mongolians is incorrect, since
a Mongolian is a member of the Mongolian race. Even less appropriate
is the term “Mongol,” for this refers to a limited group of people, the in-
habitants of Mongolia.

The early members of the Medico-Psychological Association in London
objected to “nick-naming an idiot by calling him a Kalmuc or mongolian”
because he is “no more a Kalmue than any other human being.”

shuttleworth introduced the name of “unfinished ehildren,”” which John
Thomson improved upon by changing it to “ill-finished.” R. Bennett
Bean deseribed the mongoloid as a “hypomorph white type.”

Since mongolism has been recognized in Negroes and Indians and is not
rare in Chinese and Japanese children, the need for a better scientific ex-
pression is urgent. Chinese doctors point out that they can distinetly
recognize the condition in their population, but are at a loss because the
terin “mongolism’ is ecertainly inadequate in deseribing a Chinese child
of that type.

When in the course of studying the growth disorder of mongolism it be-
came evident that mongolism represents the opposite condition of acro-
megaly, I introduced the term “congenital acromieria,” which would per-
mit a broader application of the term to all races, including the Chinese,
Japanese, Indian, and Negro patients. At that time I was unaware of the
fact that this term had been used before by Schiiller® and by W. Clift.
In 1922, Clift reported roentgenological findings in mongolism. He found
the name “acromicria’ appropriate because of “the disproportionate de-
velopmental deficiency’ of the nose, maxilla, and other bony structures,
whose development was “in opposition to acromegaly.” The simultaneous
agreement of three independent investigators regarding the character of
the growth deficiency indicates that the name of “congenital acromicria”
is well chosen,

The term is not only deseriptive in the characterization of the specific
growth disorder, but it includes an important clue to the essenfial path-
ology. When, in 1886, Pierre Marie discovered the relationship between
acromegaly and a “dysfunction” of the pituitary gland, he freed acromegaly

* Arthur Schiiller, whose name is well known from the * Hand-Schiller-Christian’s
digease,”” wrote in an article on *‘Infantilism,”” with regard to mongolism, in 1907 :
“ Die fiir diesen Typus characteristische Wachstums-anomalie bildet gewissermassen
einen Gegensatz zur acromegalen. Die Gesichtsknoehen und die Endteile der Ex-
tremitiiten sind nimlich auffallend verkiirzt, sodass man von einer Acromicrie spre-
chen kann.” Wien. med. Wehnschr. 57, 629, 1907,
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from a concept similar to that which overshadowed the study of mongolism,
namely, that acromegaly represented an atavism. Acromegaly has long
been removed from the field of speculative mythology, and the pathogenesis
of hyperpituitarism is firmly established.

The overwhelming elinical and pathological material which was available
for this book provided evidence that mongolism is a congenital hypo-
pituitarism. Not only do the patterns of growth deficiency follow the
patterns of experimental and elinical hypopituitarism, but the study of the
endocrine glands has aceumulated evidence that mongolism is a poly-
elandular deficiency, in which all glands that depend in their funetion upon
the tropic hormones of the pituitary are at fault. The pituitary itself is a
hypoplastic organ incapable of providing eflicient stimulation to the organ-
ism. The relationship between mongolism (congenital hypopituitarism)
and the so-called pitwmitary dwarfism i1s the same as that between con-
genital thyroid aplasia and childhood myxedema (*‘acquired eretinism”).

The pituitary dwarf is a patient in whom pituitary deficiency develops
after birth, usually not before several years have elapsed. The mongoloid’s
pituitary is hypoplastic or damaged in fetal life, and the mongoloid is born
with a pituitary deficiency which he is never able to overcome.

Growth and development of the mongoloid resemble conditions which
are seen in animal experiments after pituitectomy. With the recognition
of mongolism as congenital acromicria, this condition 18 freed from the
stigma of mysticism and racial mutation. As hypopituitarism, mongolism
offers a wide field for endocrine research, and the discovery of its patho-
genesis prepares the way for a more effective therapeutic approach.

Cretinism
TERMINOLOGY

Turning from mongolism to cretinism, one feels on comparatively firm
ground as so much more clinical and experimental work has been done in
this field. The most illustrious names in surgery, medicine, and pathology
are connected with the exploration of cretimism.

The name “eretinism’ is so old that its origin 15 in doubt. According to
one theory the word is a twisted form of the French chrélien, meaning a
Christian, considering the fool as a kind of blessed person similar to the
epileptic, but this interpretation seems rather far-fetched and has little to
support it. A much sounder tradition links the word “eretin’ to the Latin
creta, which means chalk, pointing to the gravish white, pasty color of the
skin characteristic of this condition. Some link the expression simply
with the word “ereature,” but other terms used in the Austrian-Swiss re-
gions of endemic cretinism, such as Kreidling from the German Kreide,
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meaning chalk, suggest the etvmologie interpretation of the cretin as a
“eretean.”  In the Rhaeto-Romanie language the word eref, eretin, means
dwarf or little, and it is likely that the term “cretin” refers simply to the
dwarfs of those sections. The cretins have been known as goiterous people
since the days of the ancient Romans.  The use of the term “eretin’ seems
to date back to Felix Plater’s writings in 1614.  The name was also used by
Wolfgang Hoefer, a Viennese physician, in 1655, and by Fodéré, a Savoyard
physieian, in 1792. Napoleon I in 1811 opened the line of dictatorial health
measures by taking a census of the cretins in the Canton Wallis, with the
purpose of transplanting the goiterous population into healthier seetions—
an attempt which was defeated by the conservative adherence of the people
to their homes, while Napoleon’s defeat on the battlefields ended the first
dietator’s dream of happiness by decree.

OCCURRENCE

With regard to the frequency of cretinism, distinetion has to be made
between sporadic cases and endemie cretinism. Sporadie eases of con-
genital and acquired athyroidism occur outside of goiterous areas in every
country. Sporadie eretinism is not frequent, although not rare, and many
milder cases may still be overlooked. Murray B. Gordon, in 1922, dis-
cussed 340 cases which he collected from the American literature or which
eame to his personal attention. There is no indication how many of these
patients were congenital thyroid aplastie cretins or how many were cases
of childhood myxedema. The most interesting obszervation in Gordon’s
report is that none of the cretins came from an area in which goiter is en-
demie (Canada along the St. Lawrence River, Pennsylvania, the Great
Lakes, and the Rocky Mountains).

It is impossible to offer exact statistics or estimates on the frequency of
sporadic eretinism because no census registers these cases as a separate
category. Moreover, the term “eretin’ iz used by some writers for varie-
ties of thyroid deficiency, many of which are discovered before the full
picture of eretinism has developed. These cases form a part of the routine
of any pediatrician. Myxidiocy, Bourneville’s term for the severe form of
sporadie eretinism or thyroid aplasia, seems to oceur in less than 1 per eent
of the feebleminded population. They are at least ten times less frequent
than mongoloids, but the suceessful treatment which is possible in hypo-
thyroidism makes the knowledge of this condition a fundamental medieal
requirement.

Although endemie cretinism has been investigated statistically in many
countries, it is impossible to obtain an accurate over-all pieture. Goiter
and endemic eretinism oceur in the same areas, but, of course, they are not
identical. Goiter has been the subject of many large-scale investigations,
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and several countries, including the United States, England, Austria,
Switzerland, have appointed special goiter commissions that have studied
the subject with great care. Maps of the distribution of goiter in the world
have been prepared by Robert MeCarrison and by H. Eggenberger. These
surveys have demonstrated that goiter inereases in proportion to the dis-
tance from the ocean or, more exactly, with the distance from sea level.
The flat plains bordering the ocean coasts have little cretinism. Wherever
mountains rise, near or far from the ocean, cretinism increases on the slopes
up to a eertain level, which is thought to be 1,400 m. or 4,200 feet, above
which level no eretinism is encountered (Kutchera). Where the mountains
are near the ocean, as in some sections of Italy, Southern France, and in
Chile and California, cretinism oceurs relatively near the ocean. The
same is true for the Asiatic mainland, Formosa, and Japan. It is beyond
doubt that the common denominator for such a great varety of geograph-
ical areas is the low concentration of iodine in soil, water, and air.

Endemie eretinism is thought to oceur in a goiterous population as a
“ceretinoid degeneration.” If we analyze available statistics regarding the
frequency of this condition, we find that the number of creting in Switzer-
land is estimated at about five thousand in a population of about four
million people, or 1.25 per thousand. According to Eggenberger, these
five thousand are eases who need to be cared for by the State. A. Koller
has made an inquiry for the Kanton Appenzell on two oceasions and has
estimated the number of eretins at 2 per cent of the population, including
all degrees of mental retardation. A study made by Endvay on the Danube
Island Schiitt, in Hungary, found an incidence of 1.3 per cent. In Austria
cretins were found in 0.24 per cent in IGirnten and in 0.19 per cent in Salz-
burg. In the United States about six centers of endemie eretinism are
recorded on Eggenberger’s map, where the actual number of eretins is said
to surpass several hundred. On the other hand, goiter runs in some of
these places as high as 90 per cent of the population.

These figures are somewhat startling. Any expert on mental deficiency
knows that mental deficiency, as such, runs between 2 and 4 per eent in any
given population. We are, therefore, entitled to expect the same percen-
tage of feebleminded persons of varying degree in any of the areas reported
as homelands of endemic cretinism. Since at the same time goiter runs as
high as 75 to 90 per cent of the population, the same percentage of enlarged
thyroids has to be expected among feebleminded. Anyone who has trav-
eled or studied®™ in countries with endemic eretinism, like Switzerland,

* The author of this book had the privilege of working in Switzerland for several
vears. One year was spent on research in the Kantonal Asylum of the Kanton Ap-
penzell, in Herigau. This community is a center of endemic eretinism. The valu-
able studies of Eggenberger and Koller were made in Herisau.
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Austria, or Southern France, knows that in these areas any feebleminded
iliot or imbecile or simpleton is considered a “eretin” and the name is
synonymous with the term “imbecile.”  The suspicion that many feeble-
minded with goiter are included in statistics on eretinism is more than
justified if one sees the clinical deseriptions and pathological records pub-
lished from those areas and often illustrated by pictures. Any type of mental
deficiency and endoerine disorder may be found ineluded in these statisties
as oceurring on the basis of endemic goiter. It one reads that eretinism
oceurs “‘with goiter, hypothyroidism or normal [?] thyroid” and if one
further learns that it runs through all degrees of mental retardation from
full eretinism to borderline intelligence while the physical development
varies from dwarfism to measures of 5 feet 6 inches and more in height,
then there can be no doubt that these reports inelude many cases familiar
to any expert working in regions where no endemie goiter exists. It is not
surprising that some eritics have come to the startling conelusion that, in
contrast to sporadic cretinism, endemic cretinism 15 not due to a thyroid
disease, or if thyroid deficieney develops, it is only in the course of a general
degeneration. According to their preferences, authors emphasize heredity,
infections, pluriglandular disorder, or general degeneration. There can be
no doubt that many feebleminded persons who grow up in areas with goiter
have enlarged thyroids, but their feeblemindedness oceurs independently
of thyroid disease. The observation that the majority of feebleminded
persons tends to be undersized in stature makes a distinetion even more
difficult. We have, therefore, to postulate that the term “ecretinism” be
restrieted to those eases in which a thyrogenic physical growth disorder is
associated with a specific mental deficiency. If this definition is adhered
to, it becomes evident that eretinism, sporadic or endemie, represents a
rather uniform morbid entity. Working in a sea-border state, one en-
counters cases of athyroidism and hypothyroidism, but one also meets
cases which resemble the true endemic cretin in every respect. A com-
mittee on endemic eretinism should include not only experts in goiter, but
experts in mental deficieney as well, in order to sereen out the familial
mental defective from the true eretin.

HistoricAL NOTES

We owe the knowledge of cretinism to a large extent to the nineteenth
century. With its interest in natural science and its progressive optimism,
such a striking picture as the cretin could not escape attention for a long
time. Cretinism became the subject of many seientific studies, and numer-
ous attempts were made to improve the fate of its vietims by changing their
environment. At that time cretinism was considered the only form of
idioey with distinet characteristics, a concept which one finds now, one
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hundred years later, applied to mongolism. The Swiss physician Guggen-
biihl is eredited with the first and most persistent attempt to improve the
life of eretins. In a series of publications from 1835 on, Guggenbiihl sue-
ceeded in attracting world-wide attention to his enterprise. Rudolf Vir-
chow’s yearly reports to the Physiological-Medical Society of Wiirzburg on
his pathological studies in eretinism laid the scientific basis for an under-
standing of the growth deficiency, but not until experimental and clinico-
pathological studies discovered the key position of the thyroid gland did
eretinism become a well-established morbid entity. In the brief period of
thirty years between 1858 and 1888, the pathology of the thyroid emerged
from the darkness that had enveloped it for more than a thousand years.
So closely do the discoveries of the role of the thyroid follow each other in
the various European countries that every historian gives a somewhat
different story, according to his background and allegiance. While
Moritz Schiff, in Geneva, experimented to determine the rdle of thyroid
in animals as early as 1858, Curling published the first two autopsy reports
of cases of sporadie cretinism, in which he established for the first time
absence of thyroid tissue as the cause of a peculiar condition similar to
that seen in endemic eretinism. Curling is also the originator of the
name “‘sporadic eretinism,” which he coined in contradistinetion to en-
demic cretinism. In 1870, Hilton Fagge published a case of acquired
cretinism in a girl who developed the symptoms after measles and erysipelas
at the age of 8 years. Two more autopsies were made by Fletcher Beach,
in 1876, who included a report on a 15 year old girl, the finding of large fatty
tumors which he considered especially characteristic.  Better known
are the merits of Sir William Gull (1873) and of W. M. Ord, who made an
autopsy report on an adult patient with myxedema in 1878. There has
not been a single vear since without an important contribution by one of
these leading medical figures: Charcot, Osler, Thompson, Telford
Smith, Bourneville, Horsley. As early as 1888 the London Myxoedema
Commission, with Ord and Barlow as heads, was able to summarize the
situation in the following way: ““There is strong evidence that myxoedema,
sporadic cretinism, endemic cretinism, eachexia strumipriva and the
operative myxoedema of animals are species of one genus, and that the
one pathological fact common to all these conditions is the oceurrence of
morbid processes, involving destruction of the thyroid gland.” The
knowledge which was gained and the rapid progress during the years
before 1888 has been well established now by countless elinicopathological
observations and amimal experiments. With the knowledge of the rdile
of the thyroid, interest has shifted away from eretinism as such to a study
of the various degrees of thyroid deficiencies. Some elinicians would
like to abandon the name “eretin.”

It is, however, not generally realized that the eretin, whose almost legen-
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dary family resemblance has induced some writers to consider him as a
descendant of the Goths who fled into the mountain hideout of the Alps
(Ramond de Carbonniéres) or as a degenerative form of the Malayan race
(Damerow), is the patient with congenital thyroid aplasia. If this con-
dition represents a morbid entity as closely as does mongolism, one may
well restrict the name “cretinism” to that condition and execlude the uae-
quired forms of athyroidism and hypothyroidism with and without myx-
edema. The term would then refer to a elinical and pathological entity,
while postinfectious, posttraumatic hypothyroidism would require a differ-
ent classification. Many arguments would be irrelevant, and the prognosis
would be a matter of aceurate caleulation.
As matters stand, the following classification appears appropriate:
1. Endemie Cretinism
2. Sporadie Cretinism: congenital thyroid aplasia, idiotie myxoedema-
teuse (Bourneville), congenital myxedema (Gordon), angeborene
myxidiotie (Siegert), congenital athyroidism
3. Acquired Hypo- and Athyroidism: postinfectious, posttraumatie, de-
generative infantile myxedema, juvenile myxedema
It may be wise to remember that the increased knowledge of eretinism
has not simplified the situation. This view is well expressed by one of the
most recent writers on this subject. It may sound disappointing to those
who prefer simplicity to truth, but for those who are not only concerned
with practical application, but study the general principles in each disease,
W. Salter’s words represent a great advance. Salter writes:

Discovered and rediscovered by several investigators, the paradoxieal truth has
dawned finally that man or beast may suffer less from the loss of several glands than
from losing a single one. For each of the precious juices the other seeretions supply
a partial antidote, so that health and personality may be preserved, delicately poised.
Henceforth the practicing consultant and the laboratory investigator, both, must
think in terms of integrated hormonal effects and must look to precise chemical
mechanisms whereby the parent organs react upon one another. No longer will it
suffice to deseribe in romantie or in clinical terms the superficial results of imbalance.
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CHAPTER 11

PHYSICAL CHARACTERISTICS AND
DIAGNOSIS

Mongolism

Prysicar, CHARACTERISTICS

In 1866, when J. Langdon Down gave the first deseription of mongolism
as a morbid entity, Edouard Séguin, in his famous book on [diocy and Its
Treatment by Physiological Method, gave a precise deseription of the same
type, which he considered as a subgroup of cretinism. IHe wrote:

The lowland eretinism of Belgium, Virginia,—with its discrete goiter, ils grey
and dirty straw-colored skin, bears the same relation to idiocy and imbecility as the
more extensive alpine variety. So does the Furruraceous CrETINIsM with its
milk-white rosy and peeling skin; with its shortecomings of all the integuments, which
give an unfinished aspeet to the truncated fingers and nose; with its eracked lips and
tongue, with its red, ectropic conjunctiva, coming out to supply the curtailed skin at
the margin of the lids.

It is worth mentioning that this deseription contains, in a few words, the
essentials of the mongoloid features and includes an observation which has
escaped attention for more than half a century. It is interesting that
Séguin deseribes the epicanthal fold of the mongoloid child as caused by
curtailment of “skin at the margin of the lid.” Had this observation re-
ceived greater recognition, the idea that the mongoloid is a kinsman of the
Mongolian race would not have found general approval, and many contri-
butions dealing with the strange “retrogression’” to that race would not
have been written.

Langdon Down deseribed the mongoloid as

a representative of the great mongolian race: When placed side by side it is difficult
to believe that the specimens compared are not children of the same parents. The
hair ig not black, as in the real mongol, but of a brownish colour, straight and scanty.
The face is flat and broad and destitute of prominence. The cheeks are roundish and
extended laterally. The eyes are obliquely placed and the internal canthi more than
normally distant from one another. The palpebral fissure is very narrow. The
forehead 18 wrinkled transversely from the constant assistance which the levatores
palpebrarum derive from the oceipito-frontalis musele in the opening of the eyes.
The lips are large and thick with transverse fissures. Tongue is long, thick and
much roughened. The nose is small. The skin has a slight dirty yellowish tinge
and is deficient in elasticity, giving the appearance of being too large for the body.

This deseription covers well the appearance of many mongoloid children
between about 5 and 15 years of age, but it does not apply to the mongoloid
14



PHYSICAL CHARACTERISTICS AND DIAGNORIS 15

newborn. Many a mongoloid baby would escape proper recognition if
the diagnosis were too strictly based on stigmata given above.

The tabulation of signs of mongolism does not indicate the relationship
of the symptoms to each other. Such a deseription looks too much like the
accumulation of various stigmata linked together by chanee, and one cannot
conceive what pathologic process may produce such a variety of unfortunate
imperfections. Admitted that mongolism is a physieal deviation which
defaces the unlucky person stamped with this condition, why iz mongolism
of such gerious importance that the child is doomed to idioey or imbecility?
It iz obvious that the collection of physical stigmata does not suggest the
character of the disease which is apt to exercise such an influence upon the
growing individual.

In order to make a diagnosis at any age in any race under any condition,
one has to recognize the essential growth disorder that characterizes this
deficiency. What is it that makes mongoloid children so much alike that
most of them look like brothers and sisters? Other constitutional defects
do not obliterate the individual differences due to race and family. Even
idiots vary as much from each other in appearance as normal persons.
The physieal characteristics of mongoloids cannot be, therefore, the result
of idioey or of any mental defect. After yvears of measuring and compara-
tive studies of the skeletal features of mongoloid children, it became evident
to the writer that the so-called “mongoloid” appearance depends upon a
growth digorder of the skull which is invariably encountered in every mon-
goloid child. The mongoloid skull, including the facial bones, deviates
from the normal in its proportions, and it is this malproportion of the skull
that will decide the diagnosis in doubtful cases. Of course, not only the
skull 1s affected in mongolism; the condition is a general growth disorder
which involves the whaole skeleton, and this fact is a cornerstone in the un-
derstanding of the pathology.

What is mongolism at birth? If mongolism is a kind of general ‘‘fetal-
ism,” what is the difference between a newborn mongoloid and a premature
baby of 7 months? If mongolism is merely a delay or absence of normal
growth, why do not all premature babies look “mongoloid,” at least for a
transitory period? These are indeed questions of interest, and an analysis
of the mongoloid features at birth and shortly thereafter seems desirable.

The mongoloid skull at birth has not yet a definitely brachyeephalie
shape, but the fronto-oecipital diameter (normally 11.5 to 12 em.) appears
somewhat shortened, though not in all cases. The width of the skull (bi-
parietal diameter, normally 9.5 em.) is normal or shightly subnormal. The
circumference of the skull is, therefore, within normal range but below
average (34 cm., or 133 in.). Four mongoloid skulls which I had the oppor-
tunity to measure within the first two weeks after birth had a circumferenee
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of 34 cm. or less.  Lahdensuu has presented measurements of 11 mongoloid
babies who were observed within the first five days after birth.

There were only 2 girls out of 11 patients who had a skull length above
11.5 em. One boy had a skull length of 11.5 ¢m., but all the other patients
were below the average, some of them definitely below normal.  In most
cases, the biparietal diameter was small.  In one case only, that with the
largest length, the diameter was past the average of 9.5 em. Measure-
ments of several mongoloids during the first half year after birth indicate
that the skull of the mongoloid infant does not grow in the first few months.
The brain, however, increases somewhat in size, and as a compensatory
measure the parietal and temporal parts of the skull protrude, producing a
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“rounding out” of the mongoloid skull which is sometimes so marked that
length and width are equal. The face of the mongoloid child appears short
in contrast to the large forehead. The bridge of the nose is flat and sunken.
Craniologic studies indicate that the nasion is absent or underdeveloped.
Although the nasion is rather small in every newhorn baby, the mongoloid
shows such an obvious underdevelopment of the root of the nose that this is
a very conspicuous sign. Another item is the malproportion of the facial
development. The distance between acanthion (anterior nasal spine) and
prosthion (alveolar point) is so short that there is only a small crest between
the lower border of the nasal cavity and the alveolar edge. The vertical
diameter of the orbit holes is definitely larger than the distance from the
lower orbit margin to the alveolar crest.

The condition of the skull sutures is of great diagnostic value. It is
known that in mongolism the anterior fontanelle 1s unusually large and



PHYSICAL CHARACTERISTICS AND DIAGNOSIS 17

closes after great delay. It has, however, not vet been noted that all su-
tures may be separated and that, in palpating the skull bones, one may find
that the sagittal suture is not in approximation and the parietal bones are
separated 3 em. or more.  The frontal suture, which is normally not present
at birth, may be palpated down to the nasion even several months after
birth. The same delay is recognizable about the posterior fontanelle and
the sutures which eross the sides of the skull. That this delay or absence
of union of sutures may last throughout childhood is shown in Greig's three
skulls, which showed incomplete union of sutures, defects of ossification,
and persistent erevices. Normal growth of the flat skull bones proceeds

Fic. 1. Formation of external eye in (A) European races, (B) Mongolian races,
(C) mongoloid patients.

The superior palpebra is divided into the pars orbitalis (p.o.) and the pars tarsalis
(p.t.), which are separated by the suleus orbitopalpebralis superior (3.0.).

In Furopean races the pars tarsalis is exposed. In Mongolian races (B) the pars
orbitalis overlaps the pars tarsalis with a skin fold; the pars tarsalis is, therefore, not
visible. The skin fold turns medially around the medial angle and covers partly
the earuncula lacrimalis (epicanthus). In the mongoloid patient (C) the upper
palpebra is formed as in A, exposing the pars tarsalis of the upper lid. But the medial
angle of the eye is covered by a skin fold, pliea marginalis fetalis (p.m.), which crosses
from the skin of the pars orbitalis over to the skin of the suleus infrapalpebralis,
covering the medial angle, forming also an epicanthal fold. This pliea is a fetal fea-
ture, which normally disappears before birth, but persists in mongoloids for two to
len years.

in proliferative ossification. The delay of closure of the fontanelles and
the open sutures are due to insufficient growth activity at the margins of
the flat bones.

Eyes. From the viewpoint of diagnosis, in contrast to eretinism, the
formation of the eyes is the most conspicuous anomaly. The mongoloid
has short, slanting palpebral fissures which slant upward toward the lateral
edge. At the medial corner the angle is covered by a skin fold, the “epi-
canthus” (epi—above, canthus—angle). It is, however, interesting to
note that this epicanthal fold is entirely different from the Mongolian epi-
canthus which is due to overlapping of the evelid fold above the margin
of the evelid (Fig. 1). The eyelid of the mongoloid child is formed as in
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every European person. The mongoloid has a skin fold, phea marginalis
fetalis, which runs sickle-shaped around the medial angle of the eye and
ends beneath in the skin of the sulcus infrapalpebralis. This fold has no
relationship to features found in the Mongolian race, and, as I said before,
if the essential difference had been recognized from the very beginning, as
Séguin did, the theory of racial retrogression could never have attained
such general recognition. This plica marginalis of the mongoloid is a fetal
feature, a residual, still present at birth, related to the underdevelopment
of the nasion. This type of epicanthus is not rare in normal newborn
habies, especially in races with rather flat nose bridge like the eastern
Furopean races. It is, therefore, not surprising that in Russia and the

A B
Fic. 2. (A) Eve of a feebleminded child of Chinese ancestry. Note true Mongolian
eye with overlapping pars orbitalis over pars tarsalis and sharp, sickle-shaped curva-
ture of epicanthus.
(B) The eve of a mongoloid child with plica marginalis fetalis covering the carun-
cula.

Baltic states and eastern and central Germany, between 30 and 40 per cent
of newborn babies have these folds. In normal children they disappear
usually within one to three months. In mongoloids they also disappear,
but at a much slower rate. I was, however, not able to find a single mon-
goloid with epicanthus above the age of 12 years, while the majority of
mongoloids have an epicanthus below 5 years of age. After 10, the mon-
- goloid eye has more a birdlike appearance. While the epicanthus is not a
sign to rely upon, the peculiar smallness of the orbit holes is absolutely
pathognomonic. As my x-ray studies show, the orbit holes are egg-shaped
and lack the size seen in normal children or even crefins.

There are several more anomalies eonnected with the eye. The skin of
the eyelids is abnormally thick, and the conjunctivae are susceptible to
inflammation and chronic changes, which lead to thickening and tumifica-
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tion.  The ciliary body of the lower lid is frequently enlarged.  The eye-
lashes are short and sparse. There is frequently chronie blepharitis, and
ectropion is not rare.  The distance between the eves is short.

There are numerous anomalies of the eveball and its structures. The
irts shows speckling and heterochromia, unilateral or bilateral. The lens
is apt to form eataracts, which develop in childhood or are present at birth,

R : g ] s i
F16. 3. Face of a mongolaid girl, 10 yrs. of age. Note thin, straight hair; upward-
slanting almond-ghaped eyes; strabismus; medial marginal fold almost disappeared ;
flat nose bridge; fissured, dry lips and tongue.

The lens opaecities of mongolism have attracted some attention, and Or-
mond and van der Scheer have made a detailed study of these. The
cataracts are progressive and develop as a result of changes taking place
in the lens after its formation. This would suggest a progressive disease
of possible endoerine origin rather than a malformation. The relationship
between cataract formation and endoerine disorders has become increas-
ingly established.

Eye movements are frequently abnormal, strabismus is almost a constant
feature, and nystagmus not rare.
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Ears. Anomalies in the formation of the external ear are so frequent
that they form a part of the picture. This is not surprising in view of the
fact that ear anomalies are frequently associated with all types of mental
deficieney, and abnormal ear formation seems a rather sensitive indicator
for developmental anomalies. The type of pathology is not constant.
The various shapes of the ear have not yet been properly classified, and the
terminology is inadequate. In infancy and early childhood, the mongoloid
ear is frequently very small and gives the impression of fetalism. The
upper helix is more overlapping than usual, and the margin forms a right
angle with the descending part of the ear (Fig. 6). The tragus may he
flattened and borders the entrance to the ear in a straight line. Later in
life many mongoloids have extremely outstanding “lop” ears, with flat or
absent helix. The ear may then resemble the Darwinian “pointed” ear.
Similarities with the ears of some macacus species or cats, with large pos-
terior helix, may also be found. The site of the ear is frequently low.

Mouth. The mucosa of mouth and lips becomes abnormal in early life.
The lips then appear fissured and dry. The tongue undergoes fissuration
and hypertrophy of the papillae. The fissuration of the tongue is fre-
quently referred to as “seroted.” The tongue may protrude but is not
unusually large, with the exception of some cases where hypertrophy may
be present. Protrusion is due to the smallness of the oral eavity rather
than to the size of the tongue.

Voice. Of special interest is the voice of these patients. Many a small
mongoloid child has a very deep voice, and the diagnosis of mongolism can
be made by hearing the voice without even seeing the child. The voice is
rancous and of a low pitch, almost maseuline, which is in striking contrast
to the infantile appearance of these patients. 1 was not able to find any
definite explanation for this disorder. I have made a study of the larnyx
of several eases and found the mucosa thickened and fibrotic. The posi-
tion of the larynx appears very high in the neck. It may also be possible
that the absence of sinus formation in the skull has something to do with
the deep voice and the lack of resounding.

The same type of voiee is common in crefinism, and, since only a re-
stricted number of mongoloids have such a voice, which disappears under
thyroid treatment, the most likely explanation is myxedema of the pharynx.

Nose. The nose of the mongoloid is characterized by flatness of the
nose bridge, owing to absence or underdevelopment of the nasion bone.
The cartilagenous part may be fairly large in later life, which produces a
pug-shaped nose; many mongoloids, however, have small, short noses with
hroad nose bridges all their life.

Dental Development.  Observations on the teeth are of speecial interest
because they permit some insight into the disturbance of bone formation.
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i, 4. (Upper left) Palm of a mongoloid child. Note straight “four finger

line,' shortness of little inger and low set thumb,
Fi. 5. (Lower left) Hand of o mongoloid ehild, dorsal view. Note curvature
and shortness of hittle finger; marmorated, thick skin.

1. 6. (Upper right) Ear of a mongoloid child. Note overlapping, straight

upper helix and abnormal formation of concha with outstanding erus helicis erossing
in the middle through eavam conchae.
Fic. 7. (Lower right) oot of a mongoloid child. Note gap between first toe

and second toe and skin erevice crossing the foot sole from the gap.



22 MONGOLISM AND CRETINISM

[t has not escaped attention that the eruption of the first teeth is usually
retarded. Brousseau has studied the exaect time of their appearance.
Eruption was rare before the ninth month, while normal children have their
first inecisors usually at six months. A large number of mongoloids had
their first tooth at an age of 12 months or between 12 and 20 months.
There were a considerable number of eases in which the first tooth appeared
at the age of 2 vears or more. Dentition was usually not completed before
the fourth or fifth yvear and was frequently even more delayed. Eruption
of teeth did not follow the usual patterns, and the molars appeared hefore
the ineisors in many instances. The second dentition begins somewhat
more regularly, but completion is again irregular and frequently never
takes place.

The size of the jaws is abnormal, the upper jaw being too small and the
lower jaw showing prognathism. This is due to the absence of counter-
action from the upper jaw under the stress of abnormal musele pull.  These
anomalies of the jaws are not without influence upon the development of
the teeth and especially their alignment. The teeth are erowded or some-
times abnormally widely spaced, and normal alignment is rare.

Some aspects of the tooth development in mongolism have been the
subject of a special study by Dr. John A. Nash, who, after having examined
several hundred mongoloid patients, registered his findings in 84 cases
ranging from 3 vears to 35 years. This study covered the following items:
alignment, mucons membranes, caries, paradentosis, and eruption of teeth.
The results of this study, grouped according to age, are given in Table 2.

Some points are worthy of special emphasis.  Abnormal alignment was
seen in 68 cases, the majority having crowded conditions and a small
number of widely spaced teeth. The most conspicuous fact is the absence of
caries. Iixtensive caries was found in only one case of the whole group;
moderate and very moderate earies was present in 44 ecases:; and 39 cases
were completely free. This is the more striking if one considers the rather
poor dental hygiene which is present in these children, even with the best
supervision, owing to their mental shortcomings. An equally important
observation is the frequeney of paradentosis, which was present in at least
78 out of 84 cases. Although differing in degree, gingivitis was local in 33
and general in 45 instances. Poecket formation was present in 45 eases,
recession in 59,

Eruption of teeth was considered retarded in 18 cases, while teeth were
missing in at least 28 but possibly 30 instances. It was not always possible
to decide whether eruption was merely delayed or the teeth were completely
missing. In several instances x-ray examination was made and the ab-
sence of teeth definitely established.

It goes without saying that the mongoloid teeth are smaller than normal
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and are frequently abnormally shaped, in addition to showing moderate
hypoplasia. This growth deficiency is a part of the general growth disorder
which T have already emphasized.

The study reveals two factors which have not been recognized before
and which are of great biological interest. In spite of the fact that other
investigators felt that the mongoloid teeth are predisposed to caries, this
study has established that earies is practically absent even in the age group
above 16, where most of the normal children show a considerable amount
of tooth caries. At the same time paradentosis is present from the very

TasLE 2.—Dental Development

. : | Caries .
ibare e e 2 e R e, Misine Toct
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| |
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beginning, and each of 5 girls below an age of 5 yvears showed a marked de-
gree of paradentosis. [t is generally agreed that paradentosis suggests
the presence of abnormal metabolie factors and is a result of endoerine
dysplasia. If we consider the relationship of the observed anomalies with
better known endoerine disorders, the hypoplasia and the irregularity of
dentition point toward a thyroid deficiency. It is well established that in
infantile myxedema dentition is never normal: it is retarded and rregular,
and the size of the teeth is below normal. Studies of the thyroid in mon-
golism have provided evidence that thyroid deficiency is a part of the pie-
ture, and it is not surprising, therefore, that the teeth share some of the
characteristics seen in cretinism. The strange association of lack of caries
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and frequency of paradentosis points, however, to still another endocrine
svstem, the gonads. It is known that there is increased susceptibility to
caries during puberty, pregnancy, and lactation, all periods which are
associated with inereased pituitary-gonadal activity. On the other hand,
after castration the teeth remain smaller than normal, especially in males.
The relationship between gonadal activity and inereased caries is further
supported by observations reported by Biittner and Bacherer, that after
menopause caries does not proceed with the same speed as during the time
of greatest gonadal activity. Teeth which are in good condition after 50
are likely to stay so, if no other factors, such as vitamin deficieney or senile
changes, come into play. The observations on mongoloid patients seem
to add new evidence to the close relationship between gonadal activity,
caries, and paradentosis.  Increased gonadal activity is associated with in-
creased caries and deereased paradentosis, while absence of gonadal fune-
tion stops earies but inereases the susceptibility to paradentosis.

Neck.  The neck of the mongoloid is short and appears unusually broad,
apparently owing to two factors: (1) the straightness of the vertebrae and
(2) the flatness of the oceiput. There may be great laxity of the skin.

Trunk. The trunk is relatively long in comparison to the shortness of
the extremities: absolutely, however, the length of the trunk shows definite
signs of growth deficiency. The chest appears rather round. The spine
does not show the normal eurvature and has a tendeney to straightness or
dorsolumbar kyphosis.

Abdomen. The abdomen 15 pear-shaped, distended, with insufficient
tone of the abdominal muscles.  Umbilical hernias are frequent, distention
of abdominal museles not rare.  The pelvis is small and infantile. Mongo-
loids are likely to suffer from constipation. In two autopsies I observed
microcolon, which involved the whole of the transverse and descending
colon. Thompson reported a case of “congenital stenosis” of the large
mtestines, which probably refers to the same condition.

(fenttalic.  The male sex organs are retarded in development. In about
50 per cent of cases the testicles are not descended at the time of birth and
never will descend.  Frequently only one 1s found in the serotum, but even
if both are descended, they are small and never of normal size. If they
appear of a fairly good size to palpation, this does not indicate normal
development. TFibrosis and fat tissue usually replace the parenchyma.
The penis is mostly infantile and short, but may sometimes be long and
thin. Pubie hair is long and silky and of female distribution.  Axilla hair
is absent. The secondary sex characters of mongoloids offer some indica-
tion of hermaphroditism. The breasts may show hypertrophy of fat, and
the fat distribution of the abdomen is female. If hair appears on the face
it is spotty and grows along the margin of the lower jaw. It is short,
straight, and silky and does not resemble a normal beard.
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Female Sex Organs.  The major labia in mongoloid infants are frequently
oversized. Bleyver has made the same observation and thinks that the
anomaly 15 so characteristic that “it affords another sign.””  The skin is full,
and the labia form round cushions, whereas the minor labia are under-
developed or absent. In older mongoloids they may be apron-like and
protruding.  The clitoris protrudes and is frequently hyvpertrophic.  Men-
arche is delayed.  About 70 per cent of mongoloid girls menstruate between
the years of 18 and 30. Menstruation is iregular and menopause early.
The breasts remain infantile during puberty but become large, owing to
hypertrophic subcutaneous fat tissue. The nipples are frequently tiny
and flat, and the glands of the areola may be missing. Adiposogenital
dystrophy is present in the majority of cases. In the slender type hair
growth 1s increased and hirsutism iz marked.

Ezxtremitics. The extremities arve short, with special emphasis on the
hands and fingers as well as feet and toes. The growth deficieney is so
characteristic that the name of “acromieria’ is well justified. The fingers
are short and slightly cone-shaped, with the end phalanx most markedly
retarded in growth. The little finger shows eurvature in about 60 per cent.
The second phalanx of the little finger is rodimentary. Another anomaly
may be noted in the position of the thumb, which is lower set and shorter
than usual. The hand, as such, is flat and flabby. Owing to the shortness
of the bones, the skin is wrinkled like gloves which are of too large a size.
Of special interest is an abnormal hand line, a flexion-furrow, which is
deseribed in the literature as “four finger line” or “macacus line.” In the
normal hand the furrow which erosses the palm from the side of the thumb
above the so-called “life line” does not meet the line which starts beneath
the little finger and ends between the second and third fingers; in a certain
number of mongoloid cases, however, these two flexion furrows form one
straight line.  This anomaly is sometimes present in one hand only. Tt is
not pathognomonic for mongolism, but is rare in normal persons. The
minute skin ridges of the hand, which form certain constant patterns that
are the basis of every governmental identification service, are also the
subject of considerable seientifie interest. The patterns are laid down in
the third and fourth fetal months, and they remain unchanged throughout
life (Cummins, Bonnewvie, Evatt). N. Ford haz studied these ridges in
mongolism and found that the dermal patterns show a disturbance in
growth, indicating retardation as early as the third and fourth fetal month.
Interestingly enough, N. Ford studied siblings of mongoloids and found that
those born to older mothers had normal dermal patterns, while those born
to younger mothers showed indications of retardation. 1 assume that in
the former group the siblings are older than the mongoloid, who 1s thelast
child, while in the latter group the mongoloid is born at the beginning of
the birth line and the normal siblings are born afterwards.  If the observa-
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tion that these siblings show slight signs of retardation in growth should
prove true, it would add further evidence to the theory that the occurrence
of a mongoloid child indicates some “depression in the reproductive faculty”
of the mother (see Chapter X).

The observations may turn out to be of considerable importance for the
diagnosis of mongolism in stillborn babies and abortions which oceur in the
latter half of pregnancy. Mongolism has so far never been diagnosed in
stillborn babies, but one may expect that quite a number of abortions and
stillbirths involve a mongoloid fetus.

The toes and feet show malformations similar to those of the hands.
There is a big gap between the big toe and the second toe, and a deep line
may extend from this gap into the sole of the foot. The third toe is fre-
quently longer than the second, and two toes may be grouped together in a
forklike position. Sometimes webbing is present. The foot soles show
many transverse wrinkles. The foot is round and lacks the formation of
an arch.

Skin. The condition of the skin is a subject of some disagreement.
This will be readily understood when the pathology of the thyroid is dis-
cussed. There is no doubt that the skin of the mongoloid baby is soft, thin,
and velvety, which is distinetly different from the skin of the eretin. The
subeutaneous fissue contains much fat and is puffy. The skin at the
trunk and thighs appears marmorated, because the capillaries are marked
and congested. The skin of the cheeks is frequently strikingly red. This
redness is sometimes circular or spotty and is quite different from the
normal color of children’s cheeks. When the mongoloid grows older his
skin rarely retains the characteristics just described. According to the
degree of thyroid deficiency, the skin becomes thick, dry, and rough, and
various degrees of myxedema may be found. The skin tends to be wrinkled
and is susceptible to eczema.

Hair. The hair of the mongoloid 1s generally fine, silky, and straight.
Most mongoloids of mixed Anglo-Saxon stock have fair hair with definite
lack of pigmentation. Mongoloid children of Mediterranean stock have
dark hair and more pigment, but it is noteworthy that they too show less
pronounced characteristics than those of northern races. The hair be-
comes dry with inereasing age, and partial or complete alopecia is not rare,
I have seen three Negro patients with mongolism whose hair was black
and rather strong and eurly.

Heart. The most common anomaly of the heart is a congenital septum
defect. With regard to the frequency of this anomaly, statistics vary
because of the different material that has been aceessible to various in-
vestigators.  Children with a severe septum defect are likely to die early,
and if autopsy material of children’s hospitals is examined, congenital heart
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defects may range as high as 75 per eent. If, however, survivors beyond
the first decade are examined, a septum defect is found in about 25 per cent.
This defect is clearly audible, but it does not interfere with the activities
of the child. It is rare to see a mongoloid child suffer from acute heart
failure, although during their frequent infectious diseases the heart may
give reason for concern. Even more important than the septum defect is
the general infantilism of the vascular system. The aorta is thin and
narrow, and all the main trunks are definitely undersized. One wonders
how the mongoloid child can display so much activity. The peripheral
vascular system appears distended and congested. A great variety of other
heart anomalies may be found, such as abnormal distribution of the vessels,
congenital pulmonary stenosis, aortic stenosis, open duetus botalli, dextro-
cardia. The variety of defects is great, and almost every heart of 2 mongo-
loid reveals at least one.

The deficiency of the vascular system is not restricted to the heart.
The whole system is inadequate, narrow, thin, and the peripheral eapillaries
are underdeveloped. It never has been thoroughly investigated whether
the hypoplasia of the vascular system forms an important link in the chain
of funetional inadequacy. The vessels of the brain are thin and less numer-
ous than in control cases, even of mentally deficient persons. The same is
true for the endocrine organs and practically the whole body. The ecapil-
laries are found congested and enlarged—another symptom of significance.
Some insight into the pathology can be gained by capillary microscopy, a
method which is easily used and deserves a greater clinical application.
Studies in eretinism have provided evidence that in this condition hypo-
plastic capillaries are frequently found, developmental anomalies which
point to the prenatal period. The same is true for mongolism. Many
mongoloids have abnormal capillaries. Pototzky has utilized the experi-
ence gained in cretinism and thinks that one can distinguish between mon-
goloids with thyroid or pituitary deficiencey and those without. In view of
the pathological material which will be presented in a later chapter, Po-
totzky’s conelusion seems to overshoot the goal, however. T was not able
to find any eorrelation between capillary hypoplasia and degree of mongo-
loid deficiency. Capillary microscopy is not reliable enough to permit
such a specific statement, but the method is useful in diagnosis and re-
checking of therapeutic progress and deserves, therefore, more general
application.

MEASUREMENTS

The growth of mongoloid children results finally in a stunted growth or
dwarfism. In the following table a list of one hundred and twenty measure-
ments is given which shows the height of patients of various ages.
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Tasre 3.—Clinical Data in 120 Cases of Mongolism
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TasLe 3.—Clinical Data in 120 Cases of Mongolism—Conlinued
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Tapre 3. Clinical Data in 120 Cases of Mongolism— Concluded
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The measurements show that at birth the height of the mongoloid child
ig within the normal range, although a large number of eases is below aver-
age. At the Children’s Hospital, in Boston, I examined records of mon-
goloid patients in the first months of life in order to inerease the number of
measurements and found similar conditions in these children. as illustrated
in Table 4.

TABLE 4

= | :
RE . i I‘Ltifﬁk-u |. 2E: ! H{-_-:.“g‘].-. :
— —— — =| —— |
9 days | 46 4 mos. | 65
9 wks. ; 40 | 13 mos. i 70
3 mos. o | 18 mos. ' T2
63 mos. i) I

It may be said that retardation of growth is most conspicuous during the
first three years, when complete arrest may last sometimes for a period of
many months. In the following ten years the growth rate may be tem-
porarily normal, but the children have a delayed start and appear, there-
fore, always smaller than normal. Growth comes to an early standstill.
After thirteen vears the retardation becomes increasingly apparent, and at
the end of the period of growth few persons with mongolism exceed 150 em.
in length of body. Only 8 boys in my material reached a height of over
150 em.; it is interesting that these boys represented borderline cases, with
only some mongoloid stigmata. No mongoloid girl exceeded the height of
150 em.
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Most mongoloids in their late teens appear like children between 9 and
14, This biological retardation is well shown in Figures 74-77. The
irregularity of the growth rate is noticeable when the same child is measured
at different times.

There is no relationship between early growth and final height. Some
children who had at 6 years a height of more than 3 feet, which would be
within normal range, ended in being dwarfs of 4 feet. Other children who
were very much retarded in early childhood picked up finally and reached
a height of almost 5 feet. A. Werner and collaborators studied the growth
in children with mongolism over a period of several years. They concluded
that the growth rate was almost normal and that medication had no influ-
ence upon the growth. Their results are well in line with my observations
if one observes mongoloid children for an interval of a few years. However,
they did not measure the growth in babies or patients between 12 and 18
vears. If theyv had included these age groups, the pathology of growth
could not have eseaped their attention.

The weight at birth and during the first vear is lower than normal.
During the following three vears the weight is within the normal limits.
At the age of 5 vears the increase in weight becomes more noticeable, and
most mongoloid children are overweight after that time. This is especially
striking when the weight is compared not with that of a normal child of
average height, but with that of a child of the same length. Many adult
persons with mongolism, espeecially women, appear to be of the dystrophia
adiposogenitalis type. Only a few mongoloid adults are underweight.
Thev frequently show pituitary ecachexia.

Mongolism represents a specific growth deficieney which differs from
cretinism, achondrodysplasia, and other types of dwarfism. Details of the
skull development and bone pathology will be discussed in a later chapter.

In mongolism, growth at the distal ends of the long bones is insufficient,
resulting in a shortening of the femur and humerus; but even more pro-
nounced is the growth deficiency toward the distal ends of all extremities,
that is, hands, fingers, feet, and toes. FEach bone shows inereasing hypo-
plasia the more peripheral it is. Each center seems to be laid out fairly
normally, but since growth proceeds in the periphery, away from the center,
we see a true “acromicria’’ (acros—end, point; micros—small).

The mongoloid at birth is an infant who suffered from a deficiency of
zkeletal growth before birth. The prenatal deficiency involves the same
structures which are affected in the postnatal period. The deficiency is a
“hypomorphy” (Davenport) with a well-defined pathology in which the
growth of the distal parts is predominantly involved, giving rise to what I
comprehend in the term “acromicria.”  The difference between a mongoloid
and a normal premature baby iz that the latter i1z proportionate in its
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features according to the stage of development which it has reached at the
time of birth. The mongoloid is not proportionate; it shows a “rounding”
of the features because of delay of distal growth.

In a condition which represents the opposite of mongolism—namely,
acromegaly—the same structures are involved in a different way. In this
condition the whole skeleton does not increase in size indiseriminately.
The skull reveals abnormal pneumatization, which leads to extension of the
sinus system. The mandible increases in size by osseous deposits upon the
mental process. In the flat skull bones the diploe is chiefly involved. The
cartilagenous disks react by renewed proliferative activity. Mongolism is
associated with a deficiency of cartilage proliferation, absence of diploe
development, nonextension of the sinus system, and deficient osseous pro-
liferation about the skull sutures and the protruding parts of the face.

There are degrees of growth deficiency. It is not infrequently stated
in the literature that mongolism is either present or not, that no gradations
of mongolism are to be found. Fanconi emphasized this idea by stating,
“There are no transitional forms between mongolism and the normal.”
However, there are gradations, and mongolism is not a malformation or
pathologic mutation of a definite degree.

After birth the abnormal features of the mongoloid child become more
conspicuous with each passing week. In some cases it may, therefore, be
well advised to refrain from judgment until several weeks have elapsed,
when the diagnosis can be established without doubt. The fact that mon-
golism becomes more conspicuous is not due to an increasing development
of the pathological features, but to lack of normal development. Every-
body who is familiar with the growth of a newborn baby knows the tre-
mendous amount of development that takes place immediately after birth
and continues for the first four years. The appearance of a baby changes
with every passing week. In the mongoloid this process of molding is
absent or strikingly delayed, and the unfinished appearance of these pa-
tients becomes, therefore, increasingly more evident.

I have described the physical characteristies which are present in every
case to a greater or less degree. Mongolism is also frequently associated
with a number of other malformations which have to be taken into con-
sideration when the prognosis is discussed. The malformations indicate
abnormal fetal development of a more severe degree than is present in the
average mongoloid. The more malformations are found, the less promising
15 any therapeutic effort.

Almost every type of malformation has been observed in mongolism,
and it is of little value to report each single case. In the following I present
a list of the more frequent anomalies which may be found in addition to
features discussed before.
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Cataracta zonularis, polaris anterior, centralis

Ectopia lentis

Coloboma lentis

Panophthalmia

Optic atrophy, deficiency in myelination

Exophthalmus

Blepharitis

Strabismus

Nystagmus

Occlusion of external ear

Septum defects of nose

Hyvdrocephalus (rare), possibly due to rickets

Congenital clubfoot, hemiplegia, paraplegia

Svndaectyly of fingers or toes, fork position, irregular length of toes

Heart: Defects of intra-auricular septum, patent foramen ovale, intra-
ventricular septum defeets, pulmonary stenosis, Fallot’s tetralogy
(pulmonary stenosis, defective intraventricular septum, hypertrophy
of right ventricle, dextroposition of aorta), patent ductus arteriosus
botalli

Umbilieal hernia, diastasis of abdominal museles, splanchnomieria,
microcolon, colon stenosis

Hypospadia, undescended testicles, fimosis, infantilism; hypertrophy of
clitoris, absent minor labia, long, apron-like labia, hypoplasia of uterus

Hirsutism, alopecia

SUMMARY OF (UBSERVATIONS

The collected material provides evidence beyond argument that mongo-
lism is a growth disorder with speecific patterns which are manifest at the
time of birth and become more definite as life goes on.  Mongolism is not a
stationary malformation, but the mongoloid child may be affected with a
number of malformations like heart defects (very frequently), abnormal
hands or toes (syndaetyly), and others.

The patterns of abnormal growth which are present at birth reveal a de-
celeration of bone development. The skull sutures are less united than
expected, the crevices are larger, including the fontanelles. The orbit
holes are smaller, the nasion is underdeveloped, the maxilla and mandible
are undersized. The long bones are slender and delicate.  Ossification
centers are frequently normal (in eontrast to congenital thyroid aplasia)
but undersized, and eruption of new ones is delayed.

We see that at birth the patterns of deficiency show certain characteristies
which differ from the patterns of thyroid aplasia, but are well known as the
patterns of hypopituitarism. This condition produces proportional gen-



511} MONGOLISM AND CRETINISM

eral retardation of the type of infantilism and fetalism, but at the same
time it is apparent that harmony is not complete: the distal protuberances
(aera—ends of any structure) seem to have slowed down in egrowth more
than the central parts. This is eonspicuous in the skull formation but
present in the whole skeleton,

Fra. 8 General infantilism in mongolism. Mongoloid girl almost 15 yrs. of age,
height 52 in., developmental age 9 yrs., developmental quotient about 60 per cent.
Note length of trunk and shortness of neck, arms, and legs, especially feet; gap be-
tween big toe and second toe; marked marmoration of skin of thighs and lower legs;
shortness of hands; breasts still completely undeveloped; no pubie or axillary hair.

The acromicric patterns of growth deficiency become more apparent in
infaney and childhood and are most eonspicuous in the skull and face. The
patterns remain fetal and lack the normal molding of the head, although
some inerease in size is recognizable. The face remains small, and sinus
formation (sphenoid, frontal, and paranasal) is absent or rudimentary.
The maxilla is undersized, the mandible infantile, and the distal relation
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disturbed through underdevelopment of the mandibular condyles and the
mental process.  Anomalies in the teeth are conspicuons.  Eruption is re-
tarded but keeps pace with the biological age of the organism.  The vertical
height of the jaws is undersized, teeth are erowded, and some remain
submerged.

The body of the mongoloid appears fairly proportionate in childhood,
but the mongoloids are children who are three to five yvears behind their
chronological age, and the hands and feet are short out of all proportion.
Later in life general acromicria becomes more conspicuous. At a time
when the maturation of the gonads manifests itself in normal children, the
mongoloids are not participating in sex maturation. The mongoloids are
a castrated “race” deprived of the adrenal-gonadal activity which domin-
ates the three decades from the middle of the teens to the end of the forties.
After a prolonged babyvhood and infaney, these unfinished children become
old people and manifest all symptoms of old age. The skin becomes dry
and wrinkled, the vessels show fatty degeneration and arteriosclerosis, and
all functions are sluggish. After puberty they lose their “mongoloid”
appearance, and nobody would have thought of that expression if these
patients had been studied only during adult life.

While the hypogonadal deficiency in mongolism is conspicuous, hypo-
thyroidism is not always clinically manifest. As the pathological studies
which are presented in Chapter V show, about 12 to 20 per cent of the
mongoloids have a hypoplastie colloid-free thyroid incapable of producing
colloid. The picture is identical with that of eretinism. In 80 per cent,
however, thyroid function iz on the level of hypopituitarism and the de-
ficiency stops short of myxedema. Clinically, retarded ossification and
appearance of ossification centers, constipation, and dry skin indicate
hy pothyroidism.

Hypo-adrenalism in mongolism has not yet been generally recognized.
The adrenal deficiency is more striking than has been suspected by previous
investigators. The recognition of this factor makes an understanding of
several clinical features possible. The symptoms of chronie adrenal in-
sufficiency appear a few weeks to months after birth. The mongoloid baby
little resembles those heavy, rather fatty mongoloid infants whom one may
see after the second year has passed.  The mongoloid baby is likely to lose
weight and is not able to regain it easily. Most mongoloid babies weigh
between 12 and 15 pounds at the end of the first yvear. This is due not
only to their susceptibility to infectious diseases, but to a chronie marasmus
which seems uninfluenced by any dietary measure.  Temperature studies
show that heat regulation is insufficient. If the outside temperature is
low, mongoloids have subnormal temperatures. If infection takes place,
temperature regulation gets out of control and low and high temperatures
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may change within a few hours. The mongoloid has a low blood pressure
and suffers from capillary dilatation. The skin appears marmorated.
The peripheral organs are found congested with dilated capillaries at au-
topsy. Although the museulature seems well developed, asthenia and
muscular weakness are outstanding, but when exeited and under powerful
stimuli mongoloid infants display an amazing amount of muscular strength.
Many mongoloids hang limp in the arms of their mothers and are not able
to hold their heads up.

The features which are listed below indicate chronie adrenal insuf-
ficiency.

1. Asthenia in early life

2. Hypothermia

3. Low blood pressure

4. Abnormal circulation

5. Susceptibility to infections

6. Low metabolism

7. Speeific alterations in blood and biochemistry

The great resemblance to each other of all mongoloids rests upon the fact
that their racial and familial differences are obliterated by a uniform de-
ficiency which encroaches upon the individual differentiation. As a group,
mongoloids appear as the vietims of an experiment by nature to produce
human beings without adequate endoerine funetion. The result is an ill-
finished child, eternally deprived of maturation in body and mind.

Cretinism

PHYs1cAL CHARACTERISTICS

In a discussion of the physical characteristics of eretinism it is customary
to separate sporadie and endemic cases. This distinetion is indeed neces-
sary because both varieties show certain differences. It is, however, not
the endemic eretin who is the prototype of that morbid entity, and even in
countries with endemic eretinism it has been recognized that the most ex-
treme degrees are found in those persons who have no goiter or a palpable
thyroid and who, therefore, approach most closely the features of sporadic
cretinism.

“The eretin,” as known all over the world, is the sporadic eretin who has
attracted the curiosity of laymen and scientists. It is the uniformity of his
appearance which impressed K. Virchow, as early as 1851, who wrote:
“Their similarity has attracted the attention of many observers for a long
time: so much has the pathologic form obscured the ethnic differences.”
This idea has been reiterated time and again. In 1936, J. H. Means em-
phasized: “The various characteristics give crefins a strong resemblance
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one to another. As a elass they appear like one big family of brothers and
sisters.”  When Murray B. Gordon writes that ‘“the condition in this
country [America] is not the eondition which is recognized as eretinism in
Furope™ and that the term “sporadic eretinism’ should be dispensed with
and replaced by “childhood myxedema,” he is correct in underlining the
difference between sporadic and endemic eretinism, but “the” eretin is the
same all over the world; the classical treatises have dealt with sporadic
cretins rather than with endemices.

CoNGENITAL THYROID APLASIA

“The” eretin is the patient with congenital thyroid aplasia. He repre-
sents a type of so striking a uniformity that it iz only equaled by the mon-
goloid, and it is certainly no coincidence that statements identieal to that
of Means have been made with regard to the family resemblance of all
members of the group in both types.

It T deseribe the eretin in the following, I am choosing the thyroid aplastic
eretin as the prototype for them all. Any other thyroid-deficient patient
should be graded according to the degree in which he approaches the pro-
totype of that morbid entity.

Cretins are rare nowadays, beeause most of them are treated for at least
a short interval and they readily lose some of their characteristies under
treatment. In institutions, however, one finds some of them, and the
following description is based on a study of 10 patients, several of whom
reached adulthood without too much medical interference.

The adult eretin is a dwarf. When standing, his height may hardly sur-
pass 3 feet, but if the actual body length is measured in a lying position,
the length is usually 4 feet with a few inches’ variation above or below.
The shortness of stature is accentuated by a eurvature of the spine and the
laxity of the hip joints. The legs are slightly bent.

The eretin walks with a shuffling, waddling gait, the sound of which is so
typical that one may recognize hiz approach without looking up.

The head is large, measuring at least 21 to 22 inches (55 em.) in cireum-
ference, which is a good-sized head for any woman but is impressively large
when the body is that of a dwarf. Measurements of 22 to 233 inches are
not uncommon. The head is round or slightly dolichocephalie.  Extreme
brachyecephaly, as in mongolism, is absent. The skull appears heavy, and
the bones are thick. A ealvarium, which I had the opportunity of weighing
at autopsy, weighed more than 500 grams, while the normal weight would
be around 300 grams. The head does not resemble hydrocephalus, because
in the latter eondition the forehead is bulging above the orbits and the
upper orbit margin is rounded ouf through internal pressure. Moreover,
the hydroecephalic skull appears thin and translueent and the hair is sparse
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and hne, The eretin has abundant hlu{']-;_, tk'il‘l‘.' hair, strong like that of a
wire-haired terrier. In all the material there was no eretin with blond hair,
though there was one with a reddish tinge. The black hair is apparently a

Fia. 9 Fra. 10

I'1G. 9. Thyroid aplastic eretin, age 15 yra., height 45 in., developmental age 7 yrs.,
developmental quotient 50 per cent. Note rather large head, depressed nose bridge,
prominent cheek bones. Note general infantilism of body. Breasts slightly better
developed than in mongoloid (see Fig. 8). Normal formation of eyes.

1. 10. Thyroid aplastic eretin, age 35 yrs. Standing height 3 ft., body length
about 4 ft. Note large skull with heavy black hair; protruding lip; short neck; pen
dulous breastz; protruding abdomen; umbilical hernia; short, slightly curved legs;
short arms; spade-like hands. Typiecal posture.

part of the picture, and a cretin with fine blond hair would suggest either
a case of acquired thyroid deficiency or early, effective treatment of at least
several months’ duration.  In ease 1 of my material the cretin was treated
in early infancy, and it was noted at that time that the black, curly hair was
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gradually replaced by fine, silky hair muech lighter in color. In contrast
to myxedema of adult age, where all writers agree that the hair becomes
thin and sparse or disappears, the patient with myxidioey of infancy, or
thyroid aplasia, has strong, black hair.

The structure of the face bones is of great significance. The orbit holes
are large, and the eyes are set in a horizontal (normal) position. The palpe-
bral fissures are long. No eretin has the anomalies of the eye set which are
typical of mongolism. The eyelids are swollen, thick, and puffy, which
narrows the palpebral fissures and forees the eretin to look through a small
slit.  This gives him a sleepy appearance, and one may notice the effort to
keep the eves open.

The nose is broad and flat. The bony part is underdeveloped and re-
tracted and the cartilaginous part flabby and flexible. One can move the
tip of the nose to both sides.  The striking flexibility of the nose iz a helpful
diagnostic sign.

The ears are large and flabby. Their flexibility is as marked as, or more
so than, that of the nose. The lower part of the face appears heavy on
aceount of the thickness of skin and subeutaneous tissue, but the bony parts
of the face are small and delicate.

The thick skin forms pouches above and beneath the eves and around the
jaw. It is pale, grayish, and wrinkled. Since the puffiness of the sub-
cutaneous tissue limits the mobility, the expression of the face is dull and
apathetic. In true untreated myxidiocy there may be no reaction to
friendliness or stimulation, but under treatment the cretin is ready to smile
“with a childlike benignity, which spreads after a latent period very
slowly over his countenance' (Means).

The neck is short and broad. The subeutaneous tissue in the supra-
clavieular cavities and at the sides of the neck is pouchy, and under palpa-
tion one gets the impression of tumors or eysts, which have been deseribed
in the literature as lipomas, eysts, and tumors.  One may easily think that
eoiter is present, and it is indeed impossible to decide by palpation whether
these pouches are parts of the thyroid or are independent lipomatous strue-
tures.  As we shall see in the chapter on endoerine pathology, these “evsts”
may be persistent pouches of the ultimobrachial pouch (a derivative of the
fourth brachiogenic body). They may even form cysts, filled with a colloid-
like albuminous fluid, and vet these struetures are not thyroid tissue at all
and are therefore no “goiters.” In other cases the pouches are lipomas or
merely an accumulation of myxedematous infiltration of the skin.

The trunk is short, but compared with the extremities it is relatively
long. The shortness of the trunk is accentuated by the laxity of the spine,
which will eurve in upright position but straighten out in bed.

The breasts are small and infantile up to an age of 20 to 30 years. Some
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Fics. 11 (Upper left), 12 (Lower left), 13 (Upper right), 14 (Lower right). Spo-
radic eretinism in America. Note great resemblance of all 4 patients, born in Ameriea
but descendants of Italian, Canadian, German, mixed American stock. Note squint
of eyes; long palpebral fissures; depressed nose bridge ; short neck. The head is rela-
tively large in all patients. The same types could be found easily in any Swiss or

other alpine community.
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females apparently retain the infantile breasts throughout life, but many
eretins eventually develop huge, pendulous breasts, which rest on the pro-
truding belly. The nipples are small, sometimes retracted, and the sur-
rounding area has an indistinet demarcation.

The abdomen is round and protruding, and umbilical hernia is common.
The belly is filled with hard masses. Chronie constipation is common,
and spontaneous bowel movements may be as rare as once weekly. Urinary
output is small. Under slight thyroid doses a tremendous amount of di-
uresis commences at once. The concentrated urine of untreated cases
usually eontains traces of albumin.

The external sex organs have few pubie hairs. Infantilism remains pres-
ent for a long time, but finally the sex organs may appear large in males
and not abnormal in females.

The extremities are short and broad, as ean be readily seen in x-ray pic-
tures. The hands are broad, the fingers short and cone-shaped, cool to
touch, flabby and wrinkled, as if one were touching a toad. The toes are
short but not malformed:* the feet are short, like those of a child.

Although the skin is cool, wrinkled, and thick, the dryness is not apparent
all over. There may be large areas of smooth, normal skin about the chest
and belly, and dryness may be restricted to the inside of the legs and arms.
There 13 no general pitting on pressure, but the skin may pit above the
ankles and about the foot as in ordinary kidney edema.

The nails are thick, brittle, and short.

Body temperature is usually one to two degrees lower than normal,
running in the morning around 96 and in the afternoon around 97. Tem-
perature depends upon the outside temperature to some degree, and cretins
are happiest on hot summer days.

The pulse i1s slow in some cases, but in others the opposite is true. This
observation is quite important when a cretin is under thyroid treatment.
[ discontinued treatment several times because of irregular, accelerated
pulse rate until I learned that this was not due to overdoses of thyroid,

* In the well-known book Endocrinology and Metabolism (D. Appleton & Co.,
New York and London, 1922), volume 1, chapter on eretinism, five photographs are
published to illustrate the various physical aspects of cretinism. TFour of the pic-
tures may have been taken of mongoloid patients and not of eretins.  Fig. 2, “Typi-
cal Cretin” (p. 399); Fig. 3, “The Cretinic Stare’’; Fig. 4, *Cretinic Feet: note
stubbiness and space between great and second toe' (p. 4007 ; Fig. 5, * Hypothyroid-
ism in a girl of ten years. Notice Hertoghe's eyebrow sign, myxedematous swollen
evelids, saddle nose and spade-like hands.” The eretin has neither the cretinic stare
nor is there a big space between the great and the second toe. Although several
publications have dealt with the differential diagnosis of cretinism and mongolism,
the illustrations show that the diagnosis may still be difficult in quite a number of
cases.
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but to inadequate treatment. The following chart of two myxedematous
congenital cretins demonstrates elearly how the temperature rises and the
pulse rate falls under thyroid administration—an experiment which could
be repeated ad libitum.

The heart is usually enlarged, and the sounds are feeble. In congenital
thyroid aplasia, the systolic blood pressure is low. The capillaries reveal
certain anomalies of retardation, which indicate general infantilism of the
vascular system.

Menarche is delaved but may be established after 25, and menstruation
may occur at irregular intervals for a period of about ten years.

TEMP.
THYROID 1, n. e x THYROQID % er. 2.x.0.

_____ e T e oy

PULSE
120r
110
100

90
80
e

BW. 2avrs. GRETINISM M.P. svyrs. CRETINISM

i, 15. Temperature and pulse charts of two eretins at the beginning of thyroid
treatment. B. W., 39 yr. old eretin never adequately treated with thyroid hefore.
Note low temperature running between 96° and 96.4%, and high pulse rate running
between 110 and 114 per minute. With the beginning of thyroid treatment the tem-
perature rose gradually to normal and the pulse rate fell to a level between 70 and 90.
P. M., 9 yr. old eretin.  Note also rise in temperature and paradoxieal fall in pulse
rate under thyroid treatment.

The untreated cretin will not learn to speak. IHe will utter some in-
distinet sounds in a low-pitched, harsh voice.  The thick lips and the heavy
tongue make even the treated eretin sound tongue-tied and muttering,
like a drunkard.

All movements are slow and awkward.  Most typiecal is the waddling and
shuffling gait, broad based, with bent knees and feet apart.

Are these phenomena merely due to low mentality, lax joints, and
myxedema, as earlier writers seem to have taken for granted, or are they
manifestations of a neurological involvement? This question has attracted
some attention in recent years and has led to the establishment of a separate
syndrome, the “thyroneural dystrophy,” or “neurono-cretinism.”
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A number of investigators—F. Langmead; Kraus, Brock, and Sloane;
De Quervain—have observed the association of congenital myxedema with
mental and newromuscular disorders. In several studies De Quervain
found inereased knee jerks in 50 to 60 per cent of the ereting, an observation
which can be easily confirmed in anyv neurological examination. This 1s
the more noteworthy as mongohism shows decreased or absent knee jerks.
But in addition to the knee jerks, eretins display a number of neurological
symptoms. Many walk with arms and legs bent and stiff. A neurological
examination reveals rigidity, increased reflexes, and ataxia—symptoms
which are not explained by mere mental retardation. The stiffiness may
be so great as to suggest spastic paraplegia, but the symptoms are alleviated
by thyroid therapy, though not eliminated. Tremors are not too rare.
These symptoms indicate involvement of the central nervous system beyond
repair and are of value in making a prognosis. If more severe neuro-
logical complications are present, such as paraplegia or hemiplegia, one
may hesitate to attribute these disorders to mere thyroneural complica-
tions. [ would suspect, rather, that malformations or birth injuries play
an additional role.

Thyroid aplasia produces a clinical picture which is indeed most uniform,
making every patient 2 member of one great family, that of the “sporadie
cretin.”  The appearance of these patients differs in many points from the
patient with acquired thyroid deficiency, even if the loss of thyroid oc-
curred in early infancy. It is, therefore, possible to distinguish the various
types of athyroidism by clinical observations.

The literature contains frequent statements that, in contrast to mongo-
lism, sporadic cretinism is not present at birth and ecan, therefore, not be
recognized before several months have passed. In view of the fact that
earlier writers have not properly distinguished between the various forms
of congenital and acquired athyroidosis, the statement may be correct
that the majority of their cases were not recognized at birth, but as far as
congenital thyroid aplasia is concerned, the observation is not correct.
Thyroid aplasia is present at birth and offers a morbid entity which de-
serves proper recognition,

The eretin seems to be heavy at birth. Four out of five eretins whose
birth weight T was able to obtain weighed between 8 and 103 Ibs. at birth,
and the fifth was said to have been a heavy baby also. Although such a
birth weight is frequently a matter of special maternal pride and is certainly
a symptom of health in the great majority of cases, in association with other
symptoms the heavy weight is worth noticing.

The cretin baby has a large head with a wide open anterior fontanelle.
Moreover, he shares the open frontal suture with the mongoloid, whose
condition I have deseribed before. The nose is flat, broad, and depressed
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with retracted root, the forehead slightly protruding. The cheek bones are
prominent, the eye fissure straight and horizontal but narrow, owing to a
relative heaviness of the lids. The forehead is unusually wrinkled, giving
the child the look of an old person. The skin is dry and scaly, and the
extremities are short, leaving the skin in loose folds about wrists, hands,
feet and neck. The color of the skin is grayish white, and the small vessels
are not recognizable through the skin. The baby is quiet and slow from
the very beginning and pays little attention to feedings. When nursing
or at the bottle, he will stop after a few minutes and fall asleep. The abdo-
men is large and pear-shaped, and the umbilicus remains protruding.  Con-
stipation is also present from birth on.

In such a child x-ray examination of pelvis and legs is indicated. The
wrists, which serve usually as objects for determination of the bone age,
cannot be used because the first metacarpal bones are not present before
three to six months after birth, in the majority of cases. The distal
epiphyses of the femur, however, and the pelvic bones have reached a stage
of maturation at birth which can easily be checked. These ossification
centers are not fully developed in eretinism. (. B. Dorff pointed out that,
in using this observation, thyroid aplasia makes itself manifest before birth,
because otherwise bone development of the fetus could be expected to be
normal up to that term. X-rays of the skull also show indications which
make a diagnosis possible at the time of birth. Further details will be dis-
cussed in a later chapter (VIII).

A few months after birth the syndrome of congenital thyroid aplasia
assumes full proportion and will attract the attention even of inexperienced
relatives. The baby is quiet and unresponsive, although it was expected
to be so healthy on account of its heavy weight. The color of the skin 1s
pale and ash gray, the tongue large and protruding. Breathing may be
slow and difficult, and yet pulmonary infection is absent. Temperature is
subnormal, around 96° in the morning and 97° at night. Feeding is a slow,
laborious business, and the child does not gain in spite of all efforts.

With each passing month, the general growth deficiency will become
more prominent and will be eventually the outstanding symptom of athy-
roidism. Growth is practically at a standstill for several vears, and the
cartilages remain infantile. Ossification centers fail to appear. In addi-
tion to these features, which are striking and readily discovered in any
examination, there are certain hematological and biochemieal changes which
are of great significance. More details on the blood picture and hiochemieal
data are offered in Chapter 1X.

REPRESENTATIVE Casge Histories: CoNgeENITAL THYROID APLASIA

('aze 1 (5805). I‘amily history not contributory. There were three older children
who were supposedly normal.
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Pat. was born full term, instrumental delivery, birth weight 9% lbs. At three
months it was noted that the child was unusually quiet and unresponsive and that
the tongue was large and protruding. It was also noted that she had difficulties in
breathing and feeding. Although no respiratory infection was present, her breathing
was stertorous. When put on the bottle soon after birth, the baby would suck well
for two or three minutes and then stop. At the age of 3 months she weighed about
9 pounds six ounces, the same az her birth weight. At that time respiration was
rather rapid, and there was a slight loose cough. When she was first observed in a
hospital she was pale and did not have the rosy color seen in healthy children. Her
skin was unusually dry, inelastic, and loose. The hair was dark and eurly; the tongue
large, covered with a yellowish fur, and dry. Respiration was labored, regular, but
of unusual depth. The heart showed a soft systolic murmur. Hands and feet were
thick and slightly eyanotie, the hands shovel -shaped.

The baby’s temperature remained below the base line practically all the time.
Blood showed Hgh. 10 Gm. per cent, R.B.C. 4,280,000, W.B.C. 11,400, Differential
normal. Blood cholesterol 134 mg. per cent (Dee. 1936), 171 mg. per cent (March
1937). The baby was unusually quiet and lacked movements seen in infants of the
same age. Basal metabolic rate on basis of weight was —31 per cent, on basis of
height —27 per cent. The baby was put on thyroid { twice daily increasing to 1
twice daily. A metabolism fest repeated March 1937 showed +27 on basis of height
and +43 on basis of weight.

There was an impressive improvement of the child under thyroid administration.
The hair was replaced by fine normal hair, the skin lost its thickness and showed
normal turgor, body temperature inereased to normal, and the child gained in weight.
One year later her metabolism was +14.5 on the basis of weight and +19 per cent on
the basis of height. At that time she had a normal number of teeth (namely, nine)
and a mental age of 4 months with a chronological age of 16 months. Head eircum-
ference 16} inches.

The child escaped medical control until the age of 7 years, 3 months, when she was
again admitted to a hospital. At that time her height was 3 feet 10 inches; weight
was 43 lbs. Respiration 22. Pulse 92. The child had a head of 19 inches circum-
ference, measuring 16 em. in length and 12.5 em. in width. The neck was short;
there was curvature of the lumbar spine. The nose was broad, puggy, very soft,
and flexible; ears asymmetrical, soft cartilage, flexible; the mouth thick, tongue
large, rough. Abdomen protruding, pear-shaped, umbilical hernia. Heart sounds
decreased, systolic murmur. Appearance pale, hair dark brown, skin pasty, dry,
not elastiec. The hands were wrinkled, thick, like those of an old woman. The child
would not speak, made only funny noises. The gait was waddling, slow, spastic.
Neurological examination revealed spasticity of arms and legs with inereased re-
flexes. Arms and legs slightly bent. The mental age was 10 months; 1.Q). was .11.
She could not retain her balance either sitting or standing but was able to walk
slowly, shuffling. She said no words, but made loud sounds, and drooled.

Blood count Hgh. 73 per cent, R.B.C. 4,940,000, W.B.C. 8,950. Segmented polys
79 per cent, small lyvmphs 16.5 per cent, eosinophils 1 per cent, basophils 1 per cent,
slight achromia. It was stated that the patient had been on thyroid all the time,
but 1t was quite obvious that she had conspicuous signs of hypothyroidism. Diag-
nosgig: Cretinism, congenital thyroid aplasia, thyroneural dystrophy.

Serum cholesterol 134 mg. per cent, Dee. 1936, No treatment,

Serum cholesterol 171 mg. per cent, March 1937. Thyroid treatment.

Serum cholesterol 374 mg. per cent, August 1944. 1} grain thyroid.

Serum cholesterol 530 mg. per cent, July 1945. Without treatment.

During the last year of observation the child remained on a low mental level,
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with a mental age of not more than 2 years. Under thyroid treatment she was active,
smiling, friendly, and affectionate. When thyroid was taken away, she slipped
gradually into a typical state of eretinism, becoming completely apathetie, motion-
less, stupid, with a dull expression, protruding tongue, and without any interest
even in food.

Case 2 (5392), Family history not contributory. Father Italian immigrant,
mother American born. There are two siblings who are said to be normal. A child
a vear previous to our patient had been delivered by cesarean section necessitated by
toxemia. The patient was also delivered by cesarean section. At the age of 7
months she was admitted to a hospital because of lack of progress, and the diagnosis
of “mongolism®’ was made and in addition malnutrition was noticed. X-ray of the
skull showed a rather large A.P. diameter. A year after discharge she was again
admitted to the hospital with the diagnosis of upper respiratory infection, mon-
golian idioey. At the age of 2 years and 7 months she was admitted to the Wren-
tham State School. On admission the child had a chronological age of 2 years and
8 months, with a mental age of 10 months and an 1.Q. of 31. She could not stand
without support and would not talk. She had a friendly amile and was co-operative
but slow in her motions. Her height was 2 feet 5 inches, weight 22} lbs. Head 45.5
em. in circumference, length 15 em., width 11.2 em. Forehead prominent. Skin
wrinkled. Eyes: palpebral fissures narrow, upper lids heavy. Nose: flat bridged,
puggy. Mouth: open. Thick lips. Neck short, heavy pouches around neck.
Belly protruding, pear-shaped, umbilical hernia. Legs short and flabby. Skin dry.
Hair thick, brown, curled. Heart: sinus arrythmia. Pulse 104. Knee jerks very
aclive.

Blood picture Hgh. 80 per cent, R.B.C. 4,970,000, W.B.C. 5,900, polymorph 40.5
per cent, small lymphs 55 per cent, eosinophils 1.5 per cent, serum calcium 10.6 mg,.
per cent, serum phosphorus 5.47 mg. per cent, serum phosphatase 7.46 Bodansky
units, gerum total cholesterol 128 mg. per cent, blood N.P.N. 30 mg. per cent, blood
sugar (Folin-Wu) 69 mg. per cent, chloride (NaCl) 538 mg. per cent.

Six months later serum total cholesterol was 182 mg, per eent after the child had
been on § grain twice daily for one month. Before treatment was started serum
cholesterol had been consistently low on three different oceasions, 103 mg. per cent,
102 mg. per eent, 128 mg. per cent.  After four years of continuous thyroid treatment
serum cholesterol was 189 mg. per cent, almost the same as it had been after one
month of treatment.

’ 103 :

Serum cholesterol 12 } mg. per cent, 1940. No treatment.

Serum cholesterol 182 mg. per cent, 1941. 4 gr. thyroid.

Serum cholesterol 189 mg. per cent, 1944. 3§ gr. thyroid.

Serum cholesterol 188 mg. per cent, 1945, 3 gr. thyroid.

Case 3 (2876). Father born in Russia, said to be in good health; 43 years of age
at birth of child. Mother, born in Russia, 35 years of age at birth of child. Said
to be in good health, but very nervous. Patient is the eighth child. There is one
other child younger than patient. One sister is insane and one died, cause unknown,

Patient was born in 1906. Birth was normal. Her peculiarity was noticed two
weeks after birth. She was unresponsive, had protruding tongue, and was stout.
Patient did not have medical attention until 1924, when she was 18 yvears of age. At
that time she measured 3 feet 2 inches, weight was 84} lbs. Pulse was slow, around
60, and the body temperature 96.4°. Patient did not talk or walk. Bhe could take
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a few steps with a waddling gait. Her expression was dull, vague, and she took no
notice of things going on around her. The hair was black and thick, forehead wrin-
kled, nose bridge depressed, shape puggy, palpebral fissures narrow, eheeks thick
and pendulous, mouth large, lower lip protruding, tongue protruding. Her skin
was anemie, waxy, and flabby. She had many deposits of fat, “suggestive of lipo-
mas,”” in front and on the sides of her neck, in her armpits and sternal noteh.
Hands and feet were broad and short. There was marked seoliosis.

Patient was placed on thyroid, half a grain twice daily, which was gradually in
creased to one grain, three times daily. This dose was continued three weeks and
was reduced again to half a grain twice daily. During the first month of treatment
she lost 13 pounds, during the second month 9 pounds. Her skin became less dry
and flabby, her eolor improved. The deposits under her skin disappeared and she
started to walk a little. When, a year later, some x-ray pictures were taken, the
epiphyses were still opzn and the soft tissues were much thicker than normal. The
patient learned to walk around and moved with a slow, waddling gait. She learned
to feed herself. When, however, no further mental development was noticed, some
doetor stopped thyroid treatment and the patient beecame again inereasingly myx-
edematous. In 1937 a physical examination showed a height of 3 feet 8 inches (111
cem.), weight 94 lbs. Head circumference was 56.5 em. (22} in.), length of skull was
18.7 em., width 15.7 em. The hair was black, thick, and coarse. The neck was short
and smooth, with large tissue deposits on both sides. The breasts ware overde-
veloped, the pubic hair normal. The feet were flat, toes short; the fingers short,
gpadelike. The skin was wrinkled (cutis laxa) and could be lifted in large folds.
Abdomen protruding, umbilical hernia. Another eight years later, the patient had
not gained in height but had gained in weight to 100 lhs. The axilla was hairless,
the pubic hair scanty. The breasts were huge and pendulous. Patient was slow
and myxedematous. Serum total cholesterol 417 mg. per cent, in 1945, without
treatment.

Case 4 (126) A 43-112), Both parents born in Italy. Three older children, said to
be normal. Patient was born in 1896, When 5 years of age she did not walk or talk.
Height at that time was 2 feet, weight 30 pounds. Diagnosis of cretinism was made
at that time and thyroid treatment started. She improved gradually and learned
to talk and walk, In those yvears she was a rather active girl, happy, fond of musie,
and could do simple errands. In 1910 she was admitted to the Wrentham State
School, where thyroid treatment was apparently not continued for some time. In
1915 she had a height of 4 feet 6 inches, a weight of 120 lbs. She was very short and
stout, skin dry and myxedematous. The circumference of the head measured 22}
inches, BShe menstruated regularly. Intermittent courses of thyroid treatment
were carried out, and each time her condition improved greatly. She brightened up
and became more active, her gait improved, and her appearance was better, When
thyroid was withdrawn she began to gain weight, became myxedematous, and her
waddling gait was conspicuous. When she died, at the age of 48 years, in 1943, she
was extremely obese and myxedematous. Length of body was 4 feet 7 inches, weight
145% lbs. Her weight had been as high as 150 and 165 lbs. There was no axilla hair,
the pubic hair sparse. The extremities were short, the hands and feet small and
short. An autopsy did not reveal any thyroid remnants whatsoever. The skin is
shown in Figs. 78 and 79. The pituitary is deseribed on page 138.

C'ase § (3666). Father alcoholic. Patient was born full term, normal delivery.
She was a very slow baby and very fat and was over 2 years of age when first attempts
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were made to walk and over 2§ years when she started to talk. The patient did not
come to medieal attention until the age of 8 years, when a full picture of cretinism
had developed. Patient measured 36% inches in height and weighed 343 lbs., which
corresponds to an age of about 3 vears. The nose was depressed, broad, labby. The
arms short and broad, the legs the same. The skin was dry, and general dystrophy
of skin and genitalia (gerodermia) was noticed. The patient had a good disposition,
was obedient and complacent. Comprehension was slow.  She tested on the Merrill-
Palmer test: M.A. 31} vears, 1.Q). 48. She was put on thyroid therapy with im-
mediate response. The skin, which had been pale, became rosy and the patient
became quite active. She ate faster, where she used to dawdle, and finished her
meals now at the same time as the rest of the family. She ran around and took an
interegt in her surroundings. About three months after the beginning of thyroid
treatment, her weight was 34} lbs., her height 3 feet 2 inches. The hair was thick.
The head eireumference measured 193 in.; length 17.3 em.; width 13.3 em. The nose
was depressed and broad, the palpebral fissures narrow. The pulse was irregular,
temperature 96°. There was a tendeney to cyanosis. The tongue was slightly
coated. During the following vears the child was kept on small doses of thyroid
and made slow progress. At the age of 17 she was subjected to more careful studies,
with the following results: Height 45 inches. Weight 52 lbs. Head eireuamference
208 in. Length 18 em.; width 14.2 em. Total cholesterol 204 mg. per cent. I1.0).
42, Basal metabolism —24.

Thyroid treatment was not continued, for unknown reasons, and another eight
vears later the patient showed the following measurements: Height 493 inches.
Weight 75.4 lbs. Circumference of head 21 inches, length 18 em.; width 14.4 em.,
Pulse 60. Skin fine, marmorated, of infantile texture, no myxedemsa present. Hair
black and straight, rather thin. Ears small, flexible; nose depressed, pug-shaped,
very flexible. Mouth infantile, small. The breasts huge and pendulous, nipples
inverted, no pigmentation of areola. The area around the nipples was pink and of
irregular outline.  Heart beats regular, no abnormal sounds. Fingers short, small,
and childlike; feet childlike (shoe size 1). Knee jerks hyperactive, enlarged area of
elicitation (whole shin), Menstruation fairly regular. In the neck some tissue is
palpable, which suggests cystic tumors.

ACQUIRED ATHYROIDIEM AND HYPOTHYROIDISM

While congenital thyroid aplasia represents a well-defined clinieal and
morbid entity, for which the name “sporadic cretinism’ should be re-
served, loss of thyroid funetion may oceur at any time of development.
Children with athyroidism differ from each other as much as other patients,
according to race and family, but, a uniform pathological process exercises
a unifyving influence upon its vietims, and the earlier the onset the more
uniform the “cretinoid” appearance of a child. Aequired athyroidism
resembles experimental thyroidectomy and postoperative myxedema and
differs, therefore, in certain features from the congenital variety. The
hair becomes sparse and thin. The color will be the child’s natural hair
color, and blond eretinoid patients are as frequent as brown or dark haired.
The skin becomes dry and sealy. The color is pale and anemie, suggesting
anemia, which indeed is present. The appearance of the skin is puffy and
may suggest heart or kidney disease. This mistake is further facilitated
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by the fact that pitting on pressure may well be present about the shin
and ankles.

In the course of time, arrest of physical growth will be CONSPICUOUS,
X-ray examination of the metacarpal bones may shed light on the time
when the condition developed, since no new metacarpal bone centers ap-
pear, while the condition of those which are present before the onset of
symptoms may serve as an indication of the age of the disorder. The
presence of “normal” metacarpal bones ecan, therefore, serve to rule out
congenital cretinism but can by no means be used to rule out a present state
of hypothyroidism, which may have developed after an acute infection.
It is not sufficiently appreciated that hypothyroidism may develop after
acute infectious diseases of infaney. There are not only Curling and
Fagge's original cases of sporadic eretinism, which were cases of post-
infectious athyroidism, but a large number of case reports have been pub-
lished since, establishing this fact bevond doubt.

Measles apparently ranks first among the causes. Several reports have
been published in the French literature (Combe, Comby, Bouchaud).
Breitel discussed twelve cases of Comby’s. Siegert described a case after
measles and whooping cough, and H. Fagge's famous first case oceurred
after measles and erysipelas. Secarlatina (Parker) and diphtheria (Acker
and Williams) are also of importance.

Siegert collected 56 cases of acquired athyroidism and diseussed the onset
of symptoms according to age. He found an age of 6 to 12 months in 14
ases.  The onset fell into the second year of life 18 times, into the third
year 8 times, and the fourth yvear 3 times. The sixth year is mentioned
7 times. Seven further cases are recorded for the ages between 7 and 12
Vears,

[t is worth remembering that, besides infectious diseases, trauma may
also be the cause of athyroidism. Birth injuries with bleeding into the
thyroid (Siegert: 2 cases) or traumata in infancy (Bourneville, Fuchs,
Schmidt) point toward the faet that the development of eretinoid symp-
toms after birth injuries or aceidents is worth attention. A number of
birth-injured children show endoerine symptoms, but the fact of a cerebral
birth injury makes the examiner unwilling to take athyvroidism into con-
sideration as an additional factor.

It need hardly be repeated that the older the child, the less will be the
mental retardation and the thyrogenic growth deficiency. On the other
hand, a traumatic or infectious factor at birth or shortly afterwards may
produce a clinical picture of eretinism which cannot be distinguished from
the thyroid aplastic case. Moreover, to complicate matters even more,
congenital thyroid hypoplasia may not manifest itself until years after
birth, when growing up puts an increasingly heavier tax upon thyroid
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function. A small hypoplastic thyroid may carry an infant through the
first two years but be entirely inadequate to fulfill the requirements of the
period between 4 and 10 years or before and at puberty.

C'ase 6 (3510). Family history not contributory. Father is said to have an un-
usually large head. W. R. was born at full term, normal birth. He walked at the
normal age of 15 months and started to talk in the second year. When he fell ill with
influenza and pneumonia at the age of 3} years, he was able to talk fairly well. After
his illness his appetite became poor, he became slower, and at the age of 4 years it was
noticed that he did not grow and was untidy. At the age of 6 years he was admitted
to the public sehool, but he could not make any progress and was sent to special elass.
At the age of 10 years his mother finally took him to a elinie, where eretinism was sus-
pected. He was, however, not admitted to a hospital before the age of 13 years. At
that time a typical picture of cretinism was present, although he was somewhat
brighter and more active than a child in that eondition usually is.

Physical examination revealed a quiet, shy boy, poorly developed but rather fat.
Height 3 feet 1 ineh, weight 67 lbs. Hair brown, coarse, and sparse. Face flushed.
Skin dry and rough; slight cyanosis of feet. Depressed nose bridge. Teeth in poor
condition. Blood pressure systolie 80, diastolic 40. Abdomen protruding, large.
Heart appeared shghtly enlarged. Pulse 66 per minute. Heart sounds faint. He
was put on thyroid treatment and improved considerably.

A basal metabolism test done four vears later showed a rate of —20 per cent.
Total serum cholesteral done at the age of 24 years was 262 mg. per 100 ce. At that
time the boy had a height of 4 feet 7 inches (137.5 em.) and weighed 119 lbs. The
head circumference measured 57 em,  The head was egg-shaped, he had a saddle nose,
and the eartilage of the nose was very flexible. Ears large and protruding, the neeck
short. Skinrough and dry. The male sex organs were unusually large, but the pubic
hair showed a feminine type of distribution. There was very little axillary hair.

Case 7 (M. 8.). Patient is an illegitimate child. The mother is a borderline case
with an 1.Q). of 88. The child was born at full term, normal delivery. Birth weight
was 74 lbs.  On the third day after birth jaundice developed and lasted for ten days.
The child developed slowly, but retardation did not become conspicuous before the
second year of life, At the age of 14 months the ehild was taken to a hospital, where
a diagnosis of eretinism and secondary anemia was made. Basal metabolismm was
— 29 per cent, cholesterol 352 mg. per cent. The baby was placed on thyroid and iron
therapy, first on 1 of a grain, and the dose was gradually inereased to 3 grains daily.
The dose was later deereased to 14 grain because basal metabolism went up to 436
per cent. When the child was again admitted to a hospital at the age of 20 months,
she measured 2 feet, 5 inches and weighed 23 Ibs. The eyes were rather wide-spaced,
the nasal bridge flat and broad; the hair was fine, slightly wavy, of light brown eolor.
The abdomen was round and protruding. The texture of the skin was fine and no
myxedema present. The head was rather large, round, measuring 46 cm. in eircum-
ference. The child was playful and alert but resistive to examination. She could
not walk. In the course of the next few years the child learned to walk; she walks
around slowly with a waddling, shuffling gait. The belly is protruding and the pos-
ture that of an old woman. Although it is not elear whether the jaundice had any-
thing to do with the present state of cretinism, it is felt that the child is not a thyroid
aplastic cretin. She is in many respects better developed than thyroid aplastic
cretins usually are. The athyroidism is, however, complete, and if thyroid is taken
away the child slips into a condition of myxedema and complete apathy.
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ExpeMmic CRETINISM

Historically the term “cretinism’™ has been associated with a certain type
of dwarfism and mental deterioration found in some geographical areas of
mountainous character. The feebleminded dwarfs of these sections vary
to some extent in degrees of physical and mental retardation, and in study-
ing a large group of persons who are called “cretins” by their compatriots,
it is not easy to define a common denominator. Having also studied feeble-
mindedness in areas where no endemic eretinism exists, I suspeet that many
feebleminded patients born in goiterous areas are considered eretins in
spite of the fact that this diagnosis does not apply to them. A comparison
of a large group of cretins in a Swiss institution or a Swiss community with
a group of feebleminded patients in an American institution would show
that in the former group numerous patients are regarded as cretins whose
equivalent and likeness can be found in the American institution where no
cretinism exists. At the same time, many endocrine disorders are con-
sidered sequelae of cretinism which can well be found in areas without
eretinism. The confusing variety of types, including dwarfs as well as
persons of average size, and idiots as well as borderline eases, has led several
European writers to the belief that thyroid deficiency is not the essential
factor in endemic cretinism. But this statement is only correct when the
term endemic eretin is applied to any goiterous or nongoiterous patient in an
area of endemic goiter. The many valuable studies of endemic eretinism
are lacking in one point, they are done without knowledge of the problem
of mental deficiency as it exists all over the world, regardless of geographieal
distribution. Not only are 2 to 4 per cent of the people feebleminded in
every country, but mental deficiency is associated with physiecal inferiority

- of varying degree. It is rare to find a tall feebleminded person except when
the mental defect was clearly due to traumatic or infeetious factors. But
taking a group of 200 familial imbeciles and low-grade morons, there is
hardly a single person taller than 5 ft. or 150 em. and most of the women
are less than that. The skin i1s wrinkled and dry, posture is poor and sex
development frequently retarded. If the population of an American sea-
board state institution would be exchanged with a similar group of a
Kantonal institution and viee versa, more than 50 per eent of the patients
could not be correctly diagnosed without autopsy. But, as autopsy reports
from Switzerland, Austria, Tyrol indicate, “eretinism” can be found asso-
ciated “with goiter, without goiter and a normal [!] thyroid.” One has to
admit that this use of the term endemie cretinism is not too satisfactory.

Many writers dealing with endemic cretinism write about endemie goiter.
(Careful studies on the normal thyroid and the thyroid in areas of endemic
goiter have provided sufficient evidence to show that thyroid hypertrophy
is the “normal’’ reaction of the thyroid to chronic want of iodine. In areas
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in which the water, air, salt and soil are poor in iodine, goiter develops and is
present in 40 to 90 per cent of the population. Inerease in iodine by feeding
and supplying iodine rich salt can prevent goiter. The endemic eretin—
and all experts have agreed on this point—is the patient who has no goiter
(p. 118). This observation gives an important clue to the solution of the
problem.

Since discovery of the thyroid aplastic sporadie cretin, the clinical and
pathological features of ecrefinism are fairly well known. The endemic
eretin is the patient who participates in the main features of chronie thyroid
deficiency. All those patients who are feebleminded due to other than
thyrogenic factors are not cretins regardless where they live. In this way
a large number of patients ought to be exeluded from the diagnosis, but the
rest would reveal such an impressive uniformity in every respect that their
pathological kinship would not be subject to doubts.

I mentioned that the general ineidence of feeblemindedness is about 4 per
cent. The incidence of endemic cretinism is not higher than 2 per cent,
including all degrees from idioey to slight mental retardation. Tt is, there-
tore, difficult to estimate how many ecretins remain after elimination of all
hereditary cases of mental deficieney. Complete thyroid aplasia is appar-
ently not too frequent in areas of endemic eretinism. The same number of
cases can be expected anyvwhere as seen in nongoiterous areas. Gordon’s
observation mentioned before, that not a single case of congemital thyroid
aplasia seen in the state of New York came from an area of endemic goiter,
15 worth mentioning and supported by other observations.

It i= not the purpose of this book to discuss the features of endemic cre-
tinism in detail. In postulating the identity of all eretinism as thyroid
aplasia or chronie thyroid deficiency, regardless of geographical distribution,
the great variations seen in endemie cretins do not afford a separate theory
for endemic cretinism. After excluding all feebleminded persons of other
etiology, the real variations are due to remaining familial traits smothered
under the same all-prevailing deficiency.

The clinical features of endemic cretinism resemble those of sporadie
acquired athyroidism and hypothyroidism. Endemic eretinism shares
with this group the variations in onset and degree. Instead of the vague
terms of full eretin, half eretin, and borderline cases, psyehological testing
provides the exact classification of idiot, imbecile, and moron. The elinical
diagnosis rests upon the recognition of growth deficieney, mental retarda-
tion and changes in skin and internal metabolism. Each of these syn-
dromes can be studied to effect an exaet diagnosis in order to differentiate
the type from other similar disorders.  With regard to the somatie retarda-
tion, arrest of growth at the level when athyroidism commenced, the open
sutures and epiphyseal lines, the retardation of appearance of ossification
centers, the dental anomalies have to be present,
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The list of twenty measurements of cretins in Table 6 shows impressively
not only the underdevelopment in length, but at the same time the extreme
degree of underweight. In this point the endemie eretin differs from the
thyroid aplastic individual with his tendeney to inerease in weight. i
seems suggested that thyroid remnants which prevent the development
of myxedema bring about a clearer picture of the general dwarfism (splanch-
nomieria) which is obscured by myxedema in congenital myxidiocy. Ex-
perimental studies in thyrowdectomy have demonstrated that the growth
of all organs (including the brain) depends on thyroid funetion. The
dwarfism is aceentuated by anomalies in posture, by the weakness of the

Tasre 6. Height and Weight in Endemic Cretinizm

(After Schaolz)
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spine and the laxity of the joints. ‘The posture, together with the pro-
truding abdomen and the shuffling gait, reveals the eretin in any group of
feebleminded children.

The mental deficiency, which will be discussed in the next chapter, 1= a
specific one.  The diagnosis rests on the slowing down of all psyehosomatic
manifestations—that is, the disappearance of mental alertness, the slowness
of response, slow speech, and the change in the voiee, which are thyroneural
manifestations. Reduetion in mentation runs parallel to the physical
manifestations and develops according to the age at the time of onset.
One can state safely that an idiot of 170 em. height is not a cretin,

The third factor, which is thoroughly influenced by athyroidism, is the
development of secondary sexual characteristics, hair, beard, the condition
of the skin, and general maturation. The eretin does not enter puberty
with such dramatiec changes as take place in normal children within two to
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three years. The eretin, however, may slowly change within the course
of ten years and finally display large breasts and pubic hair, although axil-
lary hair is always sparse. The skin is usually not myxedematous, but it 1s
dry, wrinkled, cold, and scaly, and perspiration is absent.

The transitional period from rudimentary thyroid function to complete
inadequacy may last several years and is likely to produce a variety of
symptoms, including toxic ones, which may change the features of the
endemic eretin and give him a different appearance from that of sporadie
cretinism. These toxie symptoms of a “dysthyroidism™ have promoted
the widely aceepted theory that, in endemie eretinism, no thyroid is better
than a degenerated one. This view of many leading surgeons is well sup-
ported by facts.
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CHAPTER 111

MENTAL DEVELOPMENT
Mongolism

MenTAL AGE

In 1928, Brousseau and Brainerd wrote that “mentally we find that
mongol infants show no peculiar defeet or perversion that distinguishes
them from other aments.” The present writer, however, wishes to em-
phasize that the mental development of the mongoloid is as characteristie
as is the physical. The statement quoted above shows how little was
known about the psyvchological peculiarities of the different groups of the
mentally deficient even fifteen years ago. While the mental retardation
of other infants and children of a mental level comparable to the mongoloid
is usually the result of a brain injury or encephalitis or a developmental
disorder of the nervous system, the mongoloid represents the clearest
example of infantilism. Psychologically the term ‘“‘unfinished children”
is even more appropriate than with regard to the physical development.
Shuttleworth, who was a great expert on mongolism, felt that “the men-
tal condition of defectives of this type is almost as characteristie as the
physical.”

Numerous psychologieal papers have dealt with the question of whether
the mongoloid is an idiot or an imbecile, and many tests have been made to
determine on which psyechological level the majority of mongoloid patients
remain.

Speaking in statisties, the mental age of an average group of mongoloid
patients including all age groups ranges between 2 and 5 yvears. 1. Grant
Tennies found that the majority of ecases remain on a low imbecile level.
J. E. Wallace Wallin reported on a large number of cases from St. Louis
and Ohio and found that the St. Louis cases varied from Binet age 2 to
7.8 and the Ohio cases from 2.6 to 6.8. M. W. Kuenzel reported on mental
ages ranging from 1 to 7. The highest tests were recorded by C. Pototzky,
who reported mental ages up to 10.8.

These studies merely demonstrate the inadequacy of psychological rou-
tine testing to reveal certain peeunliarities of the feebleminded. The most
characteristic trends of the mongoloid development are not recognized be-
ause tests determine the limitations in language, vocabulary, counting,
and solving certain experimental assignments, but they do not take account
of the inherent potentialities and capacity to make soeial adjustments.
Ifigure 16 demonstrates the mental development of mongoloid patients in a

a8
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state institution on the basis of 329 tests on 132 persons. The diagram
shows the mean of different tests on different patients for each age group.
The values were corrected to avoid unreasonable ups and downs of the
curve due to single tests which were far out of line. It may be said, how-
ever, that the variations were relatively slight, and no mongoloid in this
:-'ctu{ly was far outside of the average range for the group. The average
mental age ranged from 21 to 31 vears. This study, however, 1s not repre-
sentative of all mongoloids and does not consider their “social maturity.”
Children of this type develop much better if they have individual eare and
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FiG. 16. Mental development m mongolism. Punctured line, normal develop-
ment; unbroken line indicates mental age found in 132 mongoloid patients based
on 320 testa.

attention at home or in private schools where they live in small groups.
In large institutions, where the mongoloid is placed with other types of
mental defectives, no emphasis can be put on his special needs, and the
majority remain on a lower level of achievement than can be attained under
special attention. The chart, however, reveals one startling aspeet: it
shows that between 1 year and 10 years of age the mongoloid child passes
through mental levels of from 1 to 3 years. The mongoloid is an infant
for the first ten years of his life; in other words, it takes him ten years to
accomplish what the normal ::]uld accomplishes in two years. With this
approach, one can easily understand why the mongoloid shows speeial
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character and psychological traits which are entirely different from those
of other types of mental defect. Inthe “ordinary” idiot or imbecile, mental
development is arrested at a certain mental age. These patients are not
able to do more than an infant of an equivalent chronological age, and the
psychological tests reveal the limitation. The mongoloid is not really
arrested at any mental level before pulerty, but his psychological develop-
ment is so extremely slow that he is not capable of absorbing more than an
infant during childhood and adolescence and he is still a child when his
faculty of development comes to an end.

It may be stated that the potential mental development depends on the
degree of biological maturity which was present at birth and on the amount
of training and therapy given during infaney and childhood. It is true
that no one has been able as yet to overcome the pathological limitations
which are based on the immaturity of the brain and its arrest of growth,
but it is not justifiable to deny that a mongoloid who may, under favorable
conditions, reach a mental age of between 6 2nd 10 might otherwise remain
on a mental level of 4. It is interesting to note that those writers who have
published data on higher mental ages in mongolism, like Pototzky and
A. M. Gordon, have dealt with mongoloid adults. In Pototzky’s material
the highest mental age of patients below 10 years of age was 5 years and 7
months. The patient with the highest rating had been under training
for the previous two years. All patients with a mental age above 7 years
were chronologically above 18 years of age. I think it is an important fac-
tor that we usually do not utilize the mental plasticity of mongoloids in the
second decade of life and that training is stopped too early. Pototzky has
also observed that the “social maturity” of mongoloids is above their
mental age. This statement confirms the observation which I reported
above, that the mental age does not adequately reflect the personality
patterns of mongoloid children. Their emotional interaction with other
persons makes these children participate in the activities of their surround-
ings. It is in contrast to the dullness of other imbeciles or the destruetive
overactivity of postencephalitic or psychotic children. The low opinion
of the potentialities of mongoloid persons is based on observations in large
institutions or on single ecases who have had little attention. Reports and
observations on those mongoloids who remain in the community or are
pupils of smaller institutions show that the number of mongoloid children
who maintain an 1.Q). of 60 to 70 when growing up is not so small as one
would expeet from earlier publieations. This statement is based on per-
sonal communications from psychologists and parents from all over the
country and on some observations made in the community outside of insti-
tutions. It is, therefore, of greatest importance, that medical treatment
and educational training are continued over a long period. Many physi-
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clans discourage the parents with their skepticism and unwillingness to take
proper steps. Of course, from the viewpoint of the average and students
above average, the mongoloid will always remain retarded and needs speeial
attention. But for any family as well as institution, it makes a consider-
able difference whether a child of 10 years has to be cared for like an infant
of 2 or 3, wetting himself and needing permanent supervision, or if a child
of that age acts like a child of 6 or 7, is able to attend at least kindergarten
and first grade and ecan easily mix with other children of that age. This
goal is by no means beyond reach and as long as humanity feels the obliga-
tion of taking care of the weak and feeble in body and mind, the treatment
and care of mongoloid patients is as gratifying as that of ereting whose care
has made very satisfactory progress.

The mongoloid child has two great assets, his emotional response to his
surroundings and his gift of mimicry.

Esmorionan REsroxsk

Mongoloid children, if treated well, are lovable little creatures full of
affection and tenderness. A wvisitor of an institution summarized her oh-
servations: “As playmates, they are always hugging and kissing one
another with vague but genuine smiles of affection. They come up and
put their arms round the stranger as confidently as a puppy jumping up
on & visitor, and, though not understanding a word said to them, good-
naturedly answer yes to any question, hoping that will please.”

(GiFr oF MiMmicry

The astounding gift of mimiery has been considered as one of the most
conspicuous psychological traits of mongoloids, and yet, everyone familiar
with child psychology knows that mimicry is the outstanding characteristic
of a normal child between 2 and 4. Time and again parents are delighted
and proud to see their infant child observe certain peculiarities of his
surroundings and copy them with the greatest of ease and correctness,
only to experience that the child is unable to do the same thing a year later.
The faculty of mimiery is a most important psychological asset in early
childhood, and no normal infant would learn to talk or eat and behave
without an inborn aptitude for mimiery. The faculty of mimiery in the
mongoloid is, therefore, not a character trait of this condition, but a mani-
festation of his protracted infancy. For each developmental step, the
mongoloid needs so infinitely much more time than the normal child that
one may say he represents a slow motion picture of human development.
Since, in the majority of cases, the film is broken either by premature
death or by progressive deterioration, the mental capacities are never fully
utilized.
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STUBBORNNESS

A word should be said about a very characteristic behavior pattern of
mongoloid patients: their stubbornness. Although the meaning of the
word is familiar to everybody, the underlying behavior has not attracted
attention as an elementary psychological trend. Defined as “inflexible in
opinion or intention, unreasonably obstinate, characterized by persever-
ance or persistence,” the behavior has nothing to do with perseveration,
which term psychiatry uses as a terminus technicus. This indicates a
persistence of associations, thoughts, and words from which the patient
is unable to depart.  As a behavior pattern stubbornness is the inflexibility
in intentions. Stubbornness can be observed in very young mongoloids
and seems to depend upon their inability to shift quickly from one object
to another and to react to new impressions. With great patience, the
stubbornness may be overcome in a certain test condition, but it remains
a fundamental trend of the patient in all new situations. Contrasted with
the lack of attention and the distractibility of many subnormal patients,
I venture to suggest that the stubbornness of mongoloids iz a psychological
manifestation of the peculiar discrepancy in the development of the nervous
system, in which the central subcortical areas serving emotional responses
are fairly well developed, while the “long-cireuiting” system of the corfex,
serving the evaluation of sensory stimuli and responses and serving, there-
fore, intelligent interaction with the environment, remains immature
and underdeveloped.

Moror DEVELOPMENT

We may now consider the mental development in its special phases and
aspects.  The mongoloid baby is usually very quiet and sleeps most of the
time. Even at feeding times it 15 not restless and will seldom reveal its
wants by vigorous erying. In this respect many mothers remark that the
mongoloid was “the best baby we ever had. It never made any trouble.”
The retardation manifests itself more in this general lack of attention and
responsiveness than in conspicuous shorteomings. When awake and ex-
posed to adverse conditions, the mongoloid who appeared weak and apa-
thetic a minute ago may display a great amount of strength and resistance.
For instance, when we attempted to take x-rays of babies of 4 to 6 months,
we frequently encountered a surprising resistance ; sometimes three people
were needed to hold such a small child. 1t 18 not lack of strength or musele
power which makes these children lax and limp at that age, but the im-
maturity of their nervous system which ealls, apparently, for powerful stim-
uli to reach the threshold level. In psychological tests done in the firsi
vear of life, some mongoloids have [.(}.s from 45 to 70.
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At an age when the normal child may start to sit up and keep his body
erect, the mongoloid will not make such an attempt, and in the second half
of the first yvear the motor retardation becomes more conspicuous with
every passing month. It 1= rare that a mongoloid sits up before the end
of the first year, and attempts to erawl will hardly be made before the first
vear has long passed.  As pointed out hefore, each step in the development
15 stretehed over a long period.  Years may elapse between learning to sit
up and to stand and again between standing up and learning to walk. It is
very hard to determine the exact date at which any child starts to walk,
and 1t is even more difhicult to state when such an attempt is made by a
mongoloid infant. Roughly speaking, these attempts are rare before the
beginning of the second vear, and the majority do not start to walk before
theyv are 3 yvears of age. It is not unusual to see the first steps undertaken
at an age of 4, 5, or even 6 years. [t may, however, be said that every
mongoloid ehild learns to walk unless it is handicapped by elub feet or a
neurological condition.

Acquisition of motor control in normal children takes from one to two
years. At the age of 2 most infants walk on a broad base, and even at 3
motor control is not perfect. According to the slowness of development,
the mongoloid child reveals the same patterns up to about 10 years of age,
when his gait is still conspicuously infantile.  Many mongoloids always
walk on a broad base, and their arm movements are clumsy and awkward.
Motor control rarely assumes great aceuracy, and even mongoloids of high
mental age are elumsy from the viewpoint of motor perfection.

SPEECH

sSpeech lags behind walking one to two years, and again pronuneciation
and articulation are clumsy and indistinet. Many mongoloids have diffi-
culties in pronouneing certain letters all their lives, and many speak so in-
distinetly that only their near relatives are able to understand them. The
vocabulary is limited but depends much on the type of surroundings. Since
the speech development is slowed down, the speech will be on a 2 to 3 year
level in a large number of children who have a chronological age of 10 years
or more. Others, however, acquire a farly large vocabulary and any
generalization is wrong. A peculiarity which has been mentioned before,
the low and guttural voice, is not so general as might be expected from the
literature. Since in myxedema also the voice becomes raucous within a
short time after onset, even in persons who had a perfectly normal voice
before, and returns to normality after thyroid treatment, it is suggested
that the guttural voice in mongolism is due to myxedema and swelling of
the mueous membranes, which are dry and thickened. The harsh voice is
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arely found in patients who have undergone a varying amount of treat-
ment.

SENSORY DEVELOPMENT

It goes without saying that sensibility examination meets with great
difficulties on account of mental retardation, but most textbooks seem to
take it for granted that the sensory examination is negative. This seems
not to be borne out by echnical observations and the pathology of the
nervous system. Moreover, sensory acuity is partly a motor phenomenon,
and clumsiness and high sensory accuracy rarely go hand in hand.

The vision seems impaired by strabismus. The lack of myelination of
the optic nerves does not suggest very accurate perception. Moreover,
many mongoloids are short-sighted and astigmatiec. The sense of smell
15 poor, owing to several factors, one of which may be of a central nature
and another due to the chronie rhinitis with alterations of the mueous mem-
brane. It is impossible to form judgment about the accuraey of hearing.
Although true deafness seems to be rare, nothing suggests very accurate
hearing diserimination. Mongoloids are fond of music and enjoy musie
more than anything else. It is, however, apparently the rhythm which
carries them away ; they do not care so much about the melody.

Very few studies have been made on sensory diserimination, because of
the difficulties pointed out above. One promising effort has been made by
A. M. Gordon. He studied visual and tactile diserimination and compared
the results with those found in normal children of the same mental age.
It is interesting that the studies were made on mongoloids with a mental
age of 5 years and 3 months to 6 years and 8 months. All these patients
were adults. The mongoloid patients proved to be inferior in tactile dis-
erimination to the group of normal ehildren equated with them for mental
age. It is interesting to note that all mongoloid patients, with one excep-
tion, tested higher on visual diserimination than on tactile tests, while the
normal eontrols tested higher on tactile diserimination than on visual tests,
with two exceptions. It may, however, be said that all mongoloids tested
lower than the normal controls on the visual tests in spite of their having
the same “mental age.” In addition to the Stanford-Binet form L, the
Arthur performance test and the Vineland social maturity and educational
achievement tests were used. All tests showed a high intercorrelation,
and those mongoloids who ranked first in one fest were likely to top also in
the other competitions. Only slight changes in rank place were observed.
There was, however, no correlation between any of these tests and tactile
diserimination. The patient with the lowest mental age scored the highest
tactile ﬂiscrimhmtinn, and the poorest show was seen in a patient with a
mental age of 5 years and 10 months. The conclusion to be drawn from
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this study is that mongoloids are poor in tactile and fine motor discrim-
ination, both of which are probably two aspects of the same somesthetic
system.

(‘linical observations suggest that touch and pain as well as heat and
cold diserimination are poor. The children feel little pain when operated
on for minor boils and sores, and they are likely to acquire many skin dis-
orders without calling attention to them, while other children of the same
mental level would show discomfort.

With these facts in mind one may ask to what purpose a mengoloid child
may best be trained. The highest mental age of children below 10 is
usually around 5 years. This means that under most faverable conditions
the mongoloid child would not be able to enter public school or kinder-
garten before an age of 10 years, but by that time the child would be too
old and not aceeptable. On the other hand, further mental development
can be expected in the period from 10 to 20 years, and edueation should not
stop tooearly. In considering training facilities, mongoloid children should
not be trained with other low grade mentally deficient children, unless
necessary, because most of the imbeciles of other types are not capable of
much further progress, while the mongoloid has dormant possibilities of
improvement. Mongoloids profit best in a kindly surrounding with older
children of established patterns, because the mongoloid learns by associa-
tion with other people.

Most mongoloids are unable to help in any trade requiring skilled motor
control. They are rarely capable of doing industrial work, sewing, or
carpentry. This limits their usefulness, even when the mental age would
permit employment in such lines of ocenpation. The mongoloid girl is
best used in housework and may learn to do routine work in a routine
manner. She may lead an inoffensive life around the house, because these
children learn to stay at home, do little errands, respect traffie rules, and
keep out of mischief. Mongoloid boys will be best used in garden or farm
activities, where not too great accuracy is required. The question of use-
ful employment is not urgent in the majority of patients, as, under present
conditions, they seldom live beyond 15 vears of age. But there is a certain
relationship between survival time and higher mental ages.

With regard to the question whether or not a mongoloid child should be
kept at home with older and younger siblings around, the well-being of the
normal siblings should be considered first. Brothers and sisters are fre-
quently embarrassed by the presence of their mongoloid sibling. It is of
utmost importance to provide a favorable upbringing for the normal mem-
bers of the family. It is, therefore, not justifiable to expose the growing
children constantly to the presence of an abnormal child. Mongoloids
need speeial faeilities for education and will thrive best if such are offered.
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At the same time, their management and treatment need constant medical
supervision,

Cretinism

CXPERIMENTAL BEHAVIOR

Before the mental development of eretins 15 discussed, it may be worth
while to register the psychosomatic syndromes which develop a few weeks
to months after operative thyroidectomy in adults. Intelligent patients
have observed these symptoms themselves. The experience i1s worth
recording, because spontaneous thyroid deficiency may stop at a level on
which only “psychoneurotic” symptoms are present. The patients feel
a heaviness of their arms and legs, which may be swollen for intermittent
periods in the beginning of the disease. Pains in arms and legs and the
abdomen are not rare. The patients feel tived and cold. They are more
comfortable near the oven and feel better in summer than in winter. They
notice heaviness in their eyelids, swelling of the cheeks, hands, and feet,
and gain in weight. Abnormal fat s deposited on the lower parts of the
trunk. The patients notice that their mental reactions become slower
and that they have a hard time grasping the meaning of a sentence. They
talk slowly, in a low voiee, and feel too tired to concentrate on any special
subject. They lose interest and mnitiative and are contented to sit around
and do nothing. Since many of these patients are aware of their slowness
and lack of responsiveness, they avoid company.

In congenital athyroidism or endemie eretinism, one has no opportunity
of hearing patients complain of such symptoms, but in children who develop
a thyroid deficiency after infectious disease or for other reasons, complaints
of that kind may be heard and they should be congidered alarming enough
to call attention to a possible thyroid failure.

Psychologieal experiments on thyroidectomized dogs have been reported
by O. D. Anderson and others. Anderson’s observations are of special
interest, beecause in contrast to other workers who compared the behavior
of thyroidectomized animals with normal controls, in Anderson’s inves-
tigation each animal served as his own control. Behavior in the pre-
operative period was directly compared with behavior after operation.
Anderson has pointed out that experience shows that the behavior of one
animal may not only differ in many noticeable ways from that of another
at a given moment of comparison, but that each animal may pursue strik-
ingly diverging courses during different periods of time. Thus, the char-
acteristic behavior undergoes a continuous reorganization. Alterations in
response to environmental changes are a consequence of edueation or con-
ditioning. Thus, each animal is his own best control. In a study of con-
ditional reflexes after thyroidectomy it became obvious that the efficiency
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of the positive condition reflexes, C-R, salivary and motor responses, de-
creases, while the negative C-R increase. Positive responses were greatly
decreased in efficiency and magnitude. Deecrease in general alertness was
shown by lengthening of the latent period. On the other hand, the per-
eentage of correct responses to negative condition stimuli inereases not on
account of improved diserimination, but on account of general lack of alert-
ness and response. A lowering of the general level of excitability was most
CONSPICIONS.

MeNTALITY

Clinical and experimental observations indicate that the thyroid is the
most essential gland with regard to the proper functioning of mental
processes. To make it clear, the thyroid does not determine the amount
of intelligence or genius which any person possesses, but thyroid funetion
provides the essential internal environment for any brain function. Re-
moval of the thyroid or lowering of its action iz immediately followed by a
lowering of excitability, responsiveness, and alertness. It is impossible to
speak of mental development in eretinism, because there is no development
if thyroid function has stopped. Any development which takes place
cretinism oceurs on the basiz of how much thyroid function is left. In
congenital aplasia of the thyroid the child remains an idiot unable to take
care of himself. Ewven sounds are not uttered in cases of complete absence
of thyroid. If a eretin under thyroid treatment has reached a certain men-
tal level and thyroid is taken away, the level goes down at once, and one
an observe the loss of mental function from day to day, until every re-
sponse is eliminated and the child will starve in front of plenty of food. As
pointed out in the chapter on the nervous system, adequate thyroid therapy
cannot improve mental achievements beyond the developmental level which
is determined by heredity and was reached at the time of onset of thyroid
deficiency. It must be emphasized that results of proper thyroid treat-
ment cannot be judged by the mental level alone. A misunderstanding
of this fact has led to the statement in literature that it matters very little
whether thyroid treatment is started very early in infaney or later in life.
(ne has to remember that the thyroid is not only necessary for mental
funetion, but is needed for the development of the brain, and absence of
thyroid hormones will inhibit further progress.

(‘ongenital thyroid aplasia and unrecognized thyroid deficiency of in-
fancy interfere with the brain development as an organ, and the resulting
mental deficiency eannot be corrected in later life.

In juvenile myxedema and endemic eretinism cessation of thyroid fune-
tion oceurs usually after the child has reached a certain level of intelligence.
With the onset of athyroidism the patient will remain on that given level.
Most of these patients are happy, good-natured, and elean, but shy and
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afraid of company. In this respect they differ from the mongoloid child.
The cretins are said to be moody, unpredictable, and mischievous at times,
but this depends apparently upon surroundings which lack understanding.

These few remarks reveal that there is no uniform psychology of the
eretin, but there is a very uniform change in mental behavior under thyroid
deficiency. Other glandular disorders or mental defects assoeciated with
dyspituitarism are likely to produce symptoms of a certain degree of thy-
roid deficiency, which explains the improvements that are sometimes ob-
served from thyroid treatment, although the eondition is not that of cre-
tinism.
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CHAPTER IV

THE NERVOUS SYSTEM

Mongolism

Twenty-five years ago, in his introduetion to a large-seale study in
mental deficiency, E. E. Southard, speaking of the general aspects of the
brain anatomy of the feebleminded, expressed an idea which is still of im-
portance :

One of the most fruitful distinetions of feeblemindedness of the present day is that
of Tredgold, who, seeing the inadequacy of the distinetion of the feebleminded into
congenital and acquired cases has replaced this dichotomy with a new and different
one, namely, with a division into what he calls primary and secondary amentia.
The primary aments are vietims of what is sometimes termed “‘germinal blight,”
whereas the secondary aments are victims of some cause working from outside the
brain. The primary ament, according to Tredgold, has cells with an intrinsic vital
deficiency—cells which are unable to develop. The gsecondary ament is the vietim
of arrest, due to some external cause. One might say that the cells of the primary
ament, if this distinetion of Tredgold can be upheld, have “run down’ or ceased to
develop at a certain point, whereas the cells of the secondary ament have not run
down of themselves, but have run counter to some agent; that is, the cells have not
ceased to develop, they have been stopped. . . . One deals with a plastic impotence,
an agenesia, in the case of the primary ament; one deals with a sort of plastie arrest
of aplasia in the case of the secondary ament.

If this is applied to mongolism, the problem can be condensed into three
theories which express the possible relationship between the physieal dis-
order and the mental defect.

1. The first conception, which is held by Roessle, van der Scheer, and
several other authors, considers mongolism to be due to a primary in-
feriority of the brain with a secondary growth disorder. Roessle, in 1923,
introduced the term “‘dyscerebral dwarfism” in order to distinguish those
cases in which the physical growth disorder depends on the pathology of the
brain from those in which a primary deficiency of the endoerine glands 1s
present. Through the recent work of Ranson, it is well established that in
some instances the dysfunetion of the endoerine system may depend upon
a primary destruction, for instance, of the hypothalamie region.

2. The second coneept, which is expressed by Tredgold, doubts the exis-
tence of a mongoloid type. Tredgold is inclined to consider mongolism
as a coincidence of several factors in which a physical growth disorder is
linked with a mental deficiency by chance.

3. According to the third concept, the mental deficiency is dependent
upon the same factors as those which produce the malformation of the skull
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and the general growth disorder. In this case, mongolism would not be a
primary mental deficiencey, but a mental defect secondary to extrinsic agents
acting upon the brain.

Although the late E. E. Southard was not able to reach a final conelusion,
he expressed the opinion that in mongolism the question of “functional™
feeblemindedness arises and “one might logieally ask what role endoerino-
pathy might play in these cases.”” It will become evident that the col-
lected facts do indeed point in that direction.

Few investigations of the central nervous system of mongoloids have been
made. In the last twenty years only four papers have dealt with the brain,
and in no case has the spinal cord attracted interest.

As early as 1890, A. W. Wilmarth, in his report on the examination of
one hundred brains of feebleminded children, ineluded five cases of mongol-
ism. His observations are interesting enough to be gquoted in his own
words:

In all these, the brains are of good size for imbecile brains, the pons and medulla
alone being very small, weighing in each ease about one-half ounce, whereas the usual
weight is nearly twice as much. The cerebral vessels are inelined to be much thinner
than in healthy brains. In some places, evidences of old arteritis were discovered.
In one instance the vessels showed a tendeney to form angiomatous groups, four or
five different vessels in a bunch, having somewhat the appearance of erectile tissue.
The defective nutrition and ecirculation of these children lead one to suspect that the
defective condition of the vessels may be a general condition. From the small size
of the pons and medulla in every instance, there seems to be a strong probability that

the low nutrition and possibly the other anatomical peeuliarities of this group may
be due to the imperfeet development or absence of eertain cell-groups in this region.

In 1902, Bourneville mentioned the smallness of cortex and white matter.
Some authors have noted deficient development of the frontal lobes and
suppression of the temporal convolutions. H. Vogt considered the de-
fictency of the mongoloid brain as an arrest and incomplete development
in the last stage before birth. The smallness of the white cores was also
noted by Hellemann, who observed retarded myelination, diminished
amount of white matter, and lack of eytoplasm in the nerve cells.

Van der Scheer’s collaborator, Gans, published several studies in the
microscopie anatomy of the brain without reaching conelusions which were
generally aceepted by subsequent investigators.

A study by Sergio Levy, in 1936, dealt with five mongoloid brains but
was restricted to an examination of the convolutional and fissural patterns.
Higgins summarized Levy’s observations as follows:

(1) No gross abnormality, no inflammatory factor, and no abnormal character of
the brain substance, either diffuse or localized, was found to explain mongolism.
(2) The weights of the brains were less than those of normal individuals of the same
age and sex. (3) The relative development of the frontal lobes wag less than normal,
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{4) The cerebral cortex showed a diminished development and differentiation from
normal.  (5) The brains suggested a biological reversion toward those seen in lower
primates.

The most basie study in the mieroscopie anatomy of the brain in mongo-
lism was carried out by Leo M. Davidoff, in 1928, Davidoff studied ten
brains—four of which were recorded in more detail. He concluded:

I have found few morphologic changes which are constant, with the exception of:
a small cerebellum and brain stem, the embryonic convolutional pattern, and my own
observation of the small content of the ganglion cells of the third cortieal layer.
The process by which the latter defect arises cannot be determined with certainty
from the appearance of the preparations.

He summarized that the brain in mongohan dioey shows:

(1) Agenesis—as evidenced by cell poverty and failure of gyral development (there
probably is also a degenerative process in very early life, increasing the paucity of the
ganglion eells in the cerebral cortex); (2) aplasia—as shown by its small size in com-
parison with that of children of corresponding age; (3) paragenesis—as demonst rated
by the frequent oceurrence of anomalies.

The result of this study was not too satisfactory, and in 1937 Meyer and
Jones wrote: “So far the results of histologic examination of mongol brains
have not been too satisfactory, as can be seen from recent reviews given by
Davidoff, 1928, Schob, 1930, Kreyenberg, 1936, Weyvgandt, 1937."" The
paper by Meyer and Jones is of interest because these authors placed their
emphasis on a study of the fibrous glia. They observed the same foci of
demyelinization as were present in my material and pointed out :

The oceurrence in mongols of a patehy gliosis often around blood-vessels, of eir-
cumseribed sub-ependymal softening, and in one case, apparently uncomplicated
with epilepsy, of a typical sector sclerosis of the cornu ammonis, makes one think
that a vascular factor or other interference with the oxygenation of the tissue might
be instrumental in the production of these changes.

In the Waverley research in the pathology of the feebleminded, five
ases of mongolism are included.  In Case 1 (13 of the series) there was a
moiderate inerease in neuroglia fibers throughout the subpial areas wherever
examined, but there was on the whole very little mcrease of neuroglia cells
either of a general distribution or of a perivascular or pericellular distribu-
tion. There was also a moderately extensive, somewhat locally variable
diminution in the number of nerve cells. In Case 2 (19 of the series) there
were some minute eysts of softening in various areas (frontal, temporal),
and the pia mater was slightly hazy and thickened over the entire brain
and over the cerebellum. The neuroglia tissues showed a tendeney to an
increase of cells. There was a widespread loss of nerve cells. Case 3 (21
of the series) showed more variable alterations, heterotopia of nerve cells,
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vacuolization, and gaps in the cell layers. No econsistent change in any
given cell layer was found. TIn Case 4 (27 of the series) a smaller number of
glia cells in the white matter was seen, and the vessels looked more numer-
ous and had thicker walls than usual. Slight gliosis in some areas and loss
in clear staining power in the Purkinje cells were present. In Case 5 (29 of
the series) the myelin of the frontal and parietal region was only faintly
stained. Considerable fat was present in the larger nerve cells and in the
vessel walls in all sections. The heterotopia mentioned in other cases was
striking, as seen in the number of nerve cells in the white matter. Again,
the most general findings in the analysis of the cortex were gaps between
cells in the seventh, sixth, fourth, and third layers and the pale cells in the
deep layers. The rounded contour of the cells in the second layer was out-
standing and widespread. There was a slight increase of glia in the first
layer.

In a recent paper on alterations in the hypothalamus in mental de-
ficiency, I.. . Morgan reported observations on six mongoloid brains.
He succeeded in making exact cell counts and found a normal appearance
of the hypothalamie nuclei proper, but found reduetion in the number of
cells in the nueleus supra opticus. The reduction ranged from 13 to 60 per
cent, the tuber lateralis was affected to a greater degree, ranging from 29 to
74 per cent, and the substantia grisea was less affected. These observa-
tions indicate strongly that hypothalamie lesions do not precede a pituitary
disorder, and the assumption that the main trouble in mongolism must be
sought in the brain is not supported by facts.

SPINAL CORD

Studies in the spinal cord of mongoloids have not been published, to my
knowledge. TFor the present discussion more than a dozen spinal cords
were available. They revealed a most characteristic picture. Similar
alterations were not found in any case of a large control material of other
types of mental deficiency, although myelodysplasia as such is fairly well
known and is frequent in oligo-encephaly. The spinal cord is never what
one would call “normal,” but the degree of pathology varies. The altera-
tions may be divided into two groups: (1) mere retardation, ranging from
hypoplasia to true fetalism, and (2) arrest of development with pathological
differentiation.

[. Retardation and Fetalism.—It is a common feature in mongolism that
the central canal remains open and forms a well-outlined tube or a sagittal
slot. At many levels the central canal appears enlarged and presents the
picture of hydromyelia. The enlargement may not invelve the whole
length, and at some levels a shaft ependymosis may be found. The tend-
ency to irregular proliferation of the ependyma is great, and in several
cases a true wedge formation was found in place of the original roof plate.



THE NERVOUS SYSTEM 73

In the best developed cases, pathology was restrieted to a slight infantilism
consisting of a large central canal, enlargement of the gray commissure,

Fra. 17. (Upper left) Spinal cord, twelfth dorsal segment, 18 yr. old mongoloid
hoy. Note asymmetry of anterior hornsg; the left is underdeveloped ; gliosis around
central canal; absence of separation of Clark columns.

Fia. 18. (Lower left) Third dorsal segment, same case. Note asymmetry be-
tween right and left sides, with underdevelopment of all structures on the right.

Fra. 19. (Upper right) FEighth dorsal segment, same case. Note seam between
central eanal and white matter; lack of separation of Clark columns; persistent fetal
configuration of gray matter with persistent roof plate.

Fia. 20. (Lower right) Upper dorsal segment, 28 yr. old mongoloid female.
Note hypoplastic gray matter with enlarged, persistent central canal; moderate
hydromyelia; gliosis of central commissure.

and hypoplastic gray matter with fairly well outhned anterior horn cells,
in which the Nissl substance is clearly recognizable. The white matter
was spongy, and the vessels were congested.
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Fra. 21. (Upper) Spinal cord, upper lumbar segment, 16 yr. old mongoloid boy
(41/58). Note thread-like, partly missing posterior horns; fetal configuration of

gray matter with persistent roof plate and lack of separation of Clark columns.
Fira. 22, (Lower) Spinal cord, lower dorsal segment, same ecase. Note complete

absence of both posterior horns; abnormal configuration of gray matter with per

sistent roof plate; lack of separation of Clark columns; asymmetry of anterior horns.
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Cases with only minor degrees of developmental retardation are not too
frequent, but there is another, more common type of developmental arrest

Fic. 23. (Upper left) Spinal cord, lower dorsal segment, 1,% yr. old mongoloid
baby (44/140), Note fetal conhguration of gray matter with lack of separation of
Clark columns.

Fig. 24. (Lower left) Spinal cord, upper dorsal segment, same case. Note fetal
configuration with sagittal, slot-shaped central canal and persistent roof plate;
asymmetry of anterior horns.

Fra. 25. (Upper right) Spinal cord, cervieal level, 15 yr. old mongoloid girl
(43/100). Note enlarged central canal—moderate hydromyelia.

IFrg. 26. (Lower right) First dorsal segment, same case. Note siriking asym-
metry of anterior horns.

which seems to be unique with mongolism. This 1= the lack of separation
of the Clark columns. In these cases, which represent the majority, the
gray matter behind the central eanal forms a broad mass in which the cells
of the Clark columns are embedded without heing separated by white
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matier, as they normally are. The central canal appears slotlike mn a
sagittal direction. The anterior horns arve round and short. 1f the picture
is compared with the embryological development of the spinal cord, it ap-
pears that this type of pathology represents a frue fetalism. The gray
matter preserves the shape of the fetal gray matter. The ependymal shaft
shows abnormal proliferation and abnormal differentiation. The epen-
dymal lining is also abnormal in the brain. We see, therefore, in mongo-
lism an abnormal differentiation of the whole ependymal shaft throughout
its length from its eaudal end to the lateral ventricles.

2. Fetalism with Abnormal Differentiation.—Only in about 50 per cent
of the cases may the pathology be considered as a moderate or severe arrest.
In the other half, arrested development is associated with abnormal differ-
entiation, certain structures fail to develop, and true malformations are
present. Such pathological development consists of ghotie proliferation
of the ependymal shaft with true syringomyelia and anomalies of the an-
terior horns, which are of different size and structure. The whole gray
matter may be displaced anteriorly, so that the anterior suleus is shallow.
In one ease the gray matter bordered the anterior surface of the spinal cord.
The posterior horns were frequently abnormal, asymmetrical, and a few
times completely missing. The most conspicuous malformation was found
in a mongoloid of 16 years with congenital elub feet. In this case a myelo-
dysplasia of severe degree with absence of the posterior horns and abnormal
differentiation of the whole gray matter was present.

Study of the spinal cord provides evidence that the pathological factors
which influence the development of the fetus act from a very early period
in fetal life. They interfere with the differentiation of the whole nervous
system. The developmental anomalies range from moderate degrees of in-
fantilism to severe degrees of fetalism with abnormal differentiation. The
pathology includes also insufficient myelination, spongy edema of the white
matter, vascular stasis, and insufficient myelination of the peripheral nerves.
Various degrees of hydromyelia, shaft ependymosis, and true syringomyelia
are not rare. The most unique developmental defeet is an abnormal per-
sistence of the roof plate with junction of the Clark columns, which are
found embedded in a broad band of gray matter that forms the posterior
gray cominissure.

TaE BRAIN

Half a hundred brains of patients ranging from birth to 40 years of age
were examined. The material is divided into two groups. The first group
comprises those cases in which the infant died within the first two years of
life, the majority being observations on infants who died afew daysto months
after birth. The second group presents all cases of patients who had sur-
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vived four years. There was no child who had died between 2 and 4 years
of age.

The study of the material of the first two years seems of special im-
portance, because it is only such material that ean throw light on the ques-
tion of whether the central nervous system of the mongoloid is abnormal
. from the very beginning or whether the changes seen in later life are due to
degenerative processes oceurring after birth.,

(rroup 1: Mongoloid Brain in Infancy

In the following table the brain weights of 24 ecases are recorded. The
first case, with a given age of 2 days, appears very much underweight, but
the child had not only a brain weight which corresponded to the eighth
fetal month but had a body length of 40 em., a weight of the liver of 44 Gm.,
a weight of the spleen of 4 Gm., of the kidney 10 Gm.—all measurements
which indicate that the child was about 2 months premature. In correla-
tion with the other organ weights the brain was normal for the eighth fetal
month. The next three brains have also to be considered as normal if the
age is corrected and the prematurity taken into consideration.

In the last column of the table, the weights are compared with the aver-
age normal, and it is evident that quite a number of weights are within
normal range for the first eight months. It is interesting to note that dur-
ing the second year, all eases have remained on a level which is normal for
the first year with the exception of the last case, whose brain weight of
1,050 Gm. may be considered within normal range. Although the brain
weight gives only a limited idea of brain development, the observations
seem to indicate that the brain development suffers a severe setback during
the first year. It will be seen from Table 7 that the arrest 1s not complete.

The brain of the mongoloid baby is essentially immature, but it rarely
shows true malformations. The eonvolutions are small and are not broad
like those seen in older cases. Mpyelination is not up to date, and the brain
appears softer and of a different color. It is frequently yellowish and wax-
like. Most outstanding is the smallness of the cerebellum, the retardation
of which seems more pronounced than that of the cerebrum.

Concerning the shape of the brain, Fig. 27 shows the brain of a mongoloid
infant, 22 months of age. The original fissural and convolutional patterns
are not abnormal, but there is flattening of the convolutions and compres-
sion of the frontal and temporal poles. All brains of that age group show
a more or less pear-shaped outline viewed from above. The basis of the
brain shows some peculiarities which are noteworthy., The gyri recti are
flattened, having been pressed against the cribriform plate, whereas the
lateral parts of the inferior frontal lobes are compressed and slant upwards
from the steeply arched orbit roofs; the frontal poles are markedly flattened;
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the temporal lobes are distorted and twisted. The cerebellum is pushed
forward, and the brain stem originates almost anteriorly from the center
of the brain (Fig. 20). 1In the lateral view the upward push of the frontal
poles is striking. The brain convolutions anteriorly from the vertical
branch of the sylvian fissure are compressed. There is also striking dis-

Tasre T.—Weight of the Brain in Mongolism

First Two Years of Life

Ho: e ‘ e Bml{: r];:.:nglh :wrzigh}_ :?1‘ Brain| Cmﬁgﬂérﬁuln
1 | 2 days ‘ I 40 218 8 fetal mo.
2 | 6 weeks F 495 432 6 weeks
3 2% months . M 47 388 2 weeks

(2 mo, prem.)
4 3 months : M 52 404 5 weeks
(1 mo. prem.)
b 2 months M - 315 birth
fi 3 months I — 500 3 months
7 5 months e - 352 hirth
5 5 months A 5.5 (7511 5 months
] 6 months M — 1 760 7 months

10 | 6 months I G} ' Tl & months

11 7 months I’ 65 | Bl 7 months

12 7 months M 58.5 ' Aol 4=5 months

(3 wks. prem.)

13 8 months WY fid 790 8 months

14 11 months . E : — i) 7 months

15 12 months | 1Y — S0 11 months

16 12 months ¥ — 730 | 7% months

17 13 months M 70 729 7 months

15 18 months F 72 , 678 7 months

19 18 months M - - 940 12 months

) 18 manths I - —_ 725 7 months

21 21 months I¢ - 220 11 months

22 21 months | A i — Nal 11 months

23 | 23 months M - =50 11% months

24 23 months ' N I —_ | 1,050 21 months

tortion of the temporal lobes. The superior and medial temporal fissures
are pushed upward. The anterior pole of the temporal lobe is twisted and
the superior temporal gyrus compressed.

On horizontal sections the impact of the operculum into the sylvian
fissure is conspicuous. The insula is compressed and the anterior part of
the sylvian fissure partly fused. The frontal poles appear markedly fused.
The frontal poles appear markedlvy compressed. It is worth mentioning



Fic. 27. (Upper) Lateral view of brain of 1{% yr. old mongoloid baby (42/102).
Note distortion of fissures of lower temporal lobe ; accordion-like ecoronal fissuration
with deviation of all fissures which run normally in a sagittal direction; underdevelop-
ment of frontal poles with retroflexion. Hypoplasia of cerebellum.

Fia. 28. (Center) Lateral view of brain of 48 yr. old mongoloid girl (40/57).
Note hypoplasia of frontal poles with retroflexion; compression of temporal poles
with deviation of fissures; compression of oecipital poles; hypoplasia of cerebellum.
Some of the temporal convolutions are flattened.

Fic. 20. (Lower) Medial aspect of brain seen in Fig. 27. Note short corpus cal-
losum and hypoplasia of brain stem and medulla; marked hypoplasia of cerebellum
which lay partly in the foramen magnum.
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that at that age the ventricular system is not vet compressed. The pia-
arachnoid is more adherent than normal, and the stripping off produces
decortication of the convolutions because of adhesion of the pia to the first
cortical layer. The microscopic examination revealed that the first layer
was thinned out and the margin of the convolutions roughened. In the
frontal, temporal, and oceipital lobes many convolutions are tightly pressed
against each other, and there are many points where the roughened walls
of the fissures form glia bridges which close the fissures either partly or
completely. The phenomenon of beginning fusion is recognizable on many
slides. The tips of many convolutions are tilted, and the surface is flat-
tened.

A microscopie study of the cellular and myelin structures is of great
interest. The nerve cells of the cortical layers are dense, but the tissue
appears mottled, and stripes devoid of nerve cells run through the cortical
layers along the vessels. The loss of nerve cells is not restricted to on?
layer and is obviously dependent upon the vaseular system. Figure 36
<shows the dense cortical architectonics of the occipital lobe, but in the
center of the picture there is a patchy necrosis around a capillary.  Figure
38 gives a high power picture of the cortical eells stained by the Heidenhain
iron hematoxylin method. At the right, the ground substance has a pepper
and salt appearance. The nuclei of the eells are dark and swollen and are
surrounded by a bright halo of watery eytoplasm. At the left, these halos
appear larger, and confluence of the edematous areas is recognizable. In
the upper part, confluence of the halos is striking and the nerve cells have
more or less disappeared. This picture is typieal for almost every section
from infants below the age of 9 months. In every ease, edema of the fibers
and loss of cells were recognizable. The cells of the substantia nigra, which
18 not pigmented at that age, appear well developed but are in a stage of
swelling or shrinking,

The myelin fibers show striking pathology (Fig. 37). Under low power
the white matter appears “moth-eaten,” the fibers being interrupted by
numerous small patehes of neerosis.  The vascular system is hyperemic.
Around many vessels, deposits of darkly stained corpusecles are recognizable
(Fig. 39). Fractions of myelin and fat substances are frequently en-
countered. The demyelination of the centrum semiovale is striking; es-
pecially involved is the white matter of the frontal, occipital, and tem-
poral lobes; less involved are the optie radiation and the radiation of the
corpus callosum in contrast to the patchy demyelination of the association
fibers.
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Fic. 30, (1 'F:ulw-rl Horizontal section I]||'r1u_s_{h brain o old I:lllhrlg_tlﬁlnili . MLAL
2.5, Note large size of basal ganglia with compression of lateral ventricles. The
walls of the right ventricle are partly fused. Sewveral areas of ectopic gray matter
in oceipital lobes.

Fig. 31. (Lower) Horizontal section through brain (9% yr. old mongoloid).
M. A., 9 mos. Note smallness and asymmetry of lateral ventrieles; primitive brain
with “simple patterns.” Note underdevelopment of frontal lobes. Convolutions
broad. Gray matter wider than normal; irregular outline.
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Five Caste BEroRr1S

Case 1. CH 40/137. Female mongoloid, 2 months of age. Body length, 49 em.
Brain weight, 376 Gm. Weight after fixation, 249 Gm. Consistency soft. Length
of right hemisphere, 9.9 em.; length of left hemisphere, 9.7 em.; width of brain, 7.8
em,; height, 5.5 em. The brain was asymmetrical; the right hemisphere appeared
smaller and was more compressed, particularly in the frontal region. Temporal
width of right hemisphere 4.1, of left 4.75 em. The right oceipital pole was separated
from the parietal lobe by a deep fissure. The parietal lobe overlapped the right
occipital lobe, which protruded markedly beyond the left oceipital pole. The cere-
bellum was very small and covered only partially the lower facies of the occipital
lobes, leaving almost a centimeter of the poles uncovered.

The brain was dissected in frontal sections. The convolutions were tightly
pressed against each other, leaving no space between the convolutions, and no vessels
were found within the sulei. The sections appeared of uniform color, and there was
no demarcation between gray and white matter. The lateral ventricles were narrow
and compressed, leaving only a slitlike opening, the walls of which touched each
other. Toward the occipital pole the compression of the convolutions was even more
marked, but the posterior horns of the ventrieles were slightly larger.

Microscopie examination: Cerebral Corlex.

Most outstand: - vas the mottling (focal necrosis) of gray and white matter and
congestive stasis of the small eapillaries in the tips of the white cores. The ““moth-
caten’ appearance was so marked and widespread that it could be recognized with
the lowest magnification in myelin preparations. The foci of neerosis showed thin-
ning out of the tissue, a vessel being frequently in the center of necrosis. Myelina-
tion was little advanced and hardly up to the level of a newborn baby. The internal
capsule showed some myelinated fibers, but the peduncles were almost free of myelin.
The nerve cells in the cortex were in a state of severe Nissl’s disease. The large Betz
cells showed little granules of dustlike appearance displaced toward the periphery
of the eytoplasm. The smaller ganglion cells showed large, round, vesicular nuclei
with only a brim of eytoplasm around. The various stages of disintegration sug-
gested that the small brim was a result of cytoplasmic degeneration and not a primary
cell dwarfism. There was a severe degree of cell loss involving especially the third
layer. The white matter was retarded in myelin formation, but more conspicuous
was focal necrosis of severe degree. The capillaries appeared congested. There
were numerous ganglion cells in the white cores.

Cerebellum: Marginal layer still present, consisting of three to four lavers of round
cells. The Purkinje cells showed large wesicular nuclei. The eytoplasm was re-
duced to a small brim, which had frequently a round shape and contained little
granules.

Cross sections through brain stem, pons, and medulla showed a remarkable pic-
ture. The sections were almost 50 per cent smaller than control cases of the same age.

Myelination was well advanced in the tegmentum. The medial lemniscus, seventh
nerve, and trapezoid body showed well-advanced myelination. In contrast to the
tegmental area, the pontine part showed little myelination, and even the pyramidal
bundles were almost free.  In the medulla, the decussation of the medial lemnizeus,
the internal arcuate fibers, and the tractus solitarius were well myelinated, but pyra-
midal myelination was seanty. The reduction in size was conspicuous and appeared
due to underdevelopment of the white matter.

Case 2. CH 40/102. Two months, male. Brain weight fresh, 362 Gm.: after
fixation, 440 Gm. Volume, 415 ce. Brain in fairly good shape, dolichocephalic; ne
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distortion recognizable. Cerebellum very small, definitely undersized. The cere-
bellar convolutions were covered by the embryonic marginal layer, consisting of four
to five layers of small round cells which surrounded evenly the whole arbor vitae,
following each convolution into the depth of the suleus. The distribution of the
Purkinje cells was very irregular; they were missing in many areas and crowded in
others. There was duplication, and many cells were found arrested in the granular
layer. The cells themselves varied in shape. The majority was small and the Nissl
substance dustlike. Myelination of the white cores was only fragmentary, and the
tips were free of myelinated fibers. The white matter was congested, edematous,
and loose.

Fons and medulla were very tiny, myelination was in the very beginning, and only
the medial lemnizecus appeared dark blue. The olive showed some myelination in
the hilus, but little intraganglionar., The olivary cells were small and pyknotie.

On sections through corpus callosum, caudate nucleus, and pars basilaris meten-
cephali, the most conspicuous fact was the lack of myelination in the corpus callosum
and the basal ganglia. Only a small part of the fib>rs of the internal eapsule had any
myelination. The optic nerves were well myelinated. In the suleus thalamostria-
tus, a deep wedge of ependymal matrix was found separating the caudate from the
internal eapsule for 6 millimeters by a width of 1 millimeter. The ependymal lining
was abnormal. There were areas with extensive proliferation, others devoid of any
lining. The nerve centers of the basal ganglia were large and erowded with cells,
but many appeared immature or faintly stained.

The nerve cells of the cortex showed extreme degree of Nissl's severe cell disease,
presenting a textbook picture of this condition. The cells were foamy, vacuolated,
the nuclei round ; the eytoplasm had lost the Nissl substance, and only a small margin
was present, giving the cells a erustaceous appearance. In many nerve cells a single
large fat vacuole was present.

Case 3. 35/173. Three months, male. The cerebellum was underdeveloped, the
marginal layer still present but only about one to two cell layers thick. Purkinje
cells were irregularly distributed and in a state of vacuolation. The white matter
was congested and myelination very much retarded.

In the cortex, all eells were in a state of severe cell disease with widespread vacuo-
lation. The small capillaries of the white matter were congested and enlarged.
There were many small hemorrhages present. The appearance of the white matter
was moth-eaten with multiple necrotic foci. Myelination was fragmentary, the U-
fibers were unmyelinated and were outstanding as a light zone meandering beneath
the gray matter.

Case 4. 37/6. Five months, male. Weight of brain, 650 Gm. Length, 11.4 cm.;
width, 8.9 em.

The convolutions were small, There was slight flattening upon the parietal lobes.
The fissural patterns appeared normal, with the exception of the frontal lobes, which
were compressed and pushed upwards with the fissures distorted. The temporal
poles were tilted upward, and the direction of the fissures deviated ; instead of a hori-
zontal furrowing a vertical, accordion-like fissuring was present. The cerebellum
was small, medulla and pons appeared straighter than normal. The microscopic
picture was identical with that deseribed in the two previous cases, with the moth-
eaten appearance of the tissue outstanding. All nerve cells were in an acute state
of disintegration.
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Case 5. 40/113. Six months, female. Head was unusually large, 41 em. circum-
ference. Brain weight, 690 Gm.

The lateral ventricles were definitely enlarged. The ependymal walls were inter-
rupted by nodules of ependymitis. The subependymal layers were gliotic in the
occipital lobes. The white matter showed large areas of a demyelinating process.
The ganglion cells in the cortex were in a state of degeneration, and in some areas
there was definite loss of eells. In the cerebellum the vessels were congested, and
there was some venous telangiectasis. The lack of myelination was conspicuous.

Diagnosis: Ependymitis, with one ependymal polyp floating in the enlarged
lateral ventricle. Corpus eallosum unmyelinated. Very active degenerative process
in nerve cells and white matter.

It seems unnecessary to record more cases in detail. Ten cases of this
age group were studied in hundreds of microscopie sections, and every case
showed essentially the same picture, with the exception of the last recorded
one, where the enlargement of the ventricles and extensive ependymitis
indicated another pathological process which was not frequently seen in
mongolism. In the majority of cases, the ventricles were rather small
and narrow. The most outstanding factor in all cases was the presence
of degenerative processes in the cortex and white matter. The cortex and
white matter were congested and the small vessels enlarged. The tissue had
a moth-eaten appearance, with many small foei of softening and necrosis,

Group 2: The Mongolowd Brain in Children and Adults

The weights of brains after the second vear of life are shown in Table 8.
According to all statisties, the normal brain weight exceeds 1,000 grams
at the end of the second year. A large majority of normal children reach
this weight at the beginning of the second year. The table shows that with
two exceptions, all mongoloid brains weighed below 1,000 grams up to an
age of 8 years. In that age group the weight remained on a level equal
to the first vear of life. After 8 years, practically all cases had a brain
weight above a thousand grams, ranging from 1,025 to 1,295 grams. There
are four exceptions to that rule: one girl of 12 vears, two girls of 16 years.
and one male adult of 23 vears, whose brain weights ranged from 910 to
990 grams. The table suggests that the brain development is very much
retarded, but that some development takes place, although it never reaches
the level of a normal person. The brain weight corresponds to the mental
development, which remains on the level of children below 6 years of age.
I may mention an observation which is of histochemical interest and has
certainly some significance, although it is not possible to evaluate it at
present. Normal brains gain slightly in weight during fixation and remain
stationary after an initial increase. The mongoloid brains often lose more
than 100 grams during fixation.

Out of thirty-three cases, ranging in age from 4 years to 40 years, more
details are given in Table 9.  Six of these cases are fully deseribed.
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Case I. (40/47). 8year 7 months female. The brain weighed 1,120 grams, which
is the average weight of the brain in a 3 vear old child. The shape of this brain was

Tapre 8.—Weight of the Brain in Mongolism
Above Two Years of Age
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typical of every monogloid brain. The frontal lobes were pushed upward, and only
the gyrus rectus had kept a somewhat horizontal position. The orbital gyri were
compressed by the slanting orbital roefs. The temporal lobes appeared short, and
the fissures, which vsnally run in a sagittal direction, were distorted, 8" -shaped, or
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accordian-like. The oceipital poles were flattened, and their ocutline reflected the
upright direction of the occipital squama.

Case 2. (38/25). 8 years 8 months male. The weight of the brain after removal
was 1.200 grams. After some weeks’ fixation, it weighed 1,192 grams. The color
of the brain was yellowish white, instead of the gray color usually seen in a normal
brain. It did not have the pronounced waxlike appearance, however, that is some-
times found in mongolism. The shape of the brain was similar to that deseribed
in Case 1, but the bulging toward the top and the parietal poles was even more pro-
nounced. The convolutions were flattened upon the convexity, the frontal lobes were
displaced upward and backward, the oeecipital poles were compressed, the temporal
lobes distorted. Externally the econvolutions appeared broad and primitive. The
central parts—the basal ganglin and hypothalamie region—were large and cor-
responded in size to the normal. Van der Scheer’s statement that the hypothalamie
region is underdeveloped could not be verified in any case.

Microscopie Examinalion: The convolutions were irregular and flattened. The
first layer was thinned out, roughened, and covered by a thick fibrotie pia-arachnoid
membrane containing enlarged congested vessels. Inflammatory signs were absent.
Many ganglion cells were pathologie; they showed shrinkage and the axons were
swollen. There was marked patchy edema of cells, most marked near the vessels.
The eells showed a round unstained halo.  In some sections these halos showed con-
fluence and the cells were degenerated within the necrotic area. Mpyelin stains
showed a thin radiation; the tangential fibers were completely absent in the second
layer and almost absent in the third and fourth layers. A few association fibers
were present, but their number was obviously decreased. In the eentral and parietal
lobes the convolutions were flattened and thinned out, the first layer was atrophie,
and the surface rough. Many convolutions had tilted tips, and their cells were piled
irregularly. The cells were small and atrophic. A most irregular picture was notice-
able in the occipital poles. While the structural patterns were normal upon the top
of the convolutions, the structure was confused in the depth of the sulei. Some sulei
were indicated by the U shape of the gray matter, but a fissure was not present.
From the outside those convolutions appeared broad and simple because of absence
of secondary fissures, which were sometimes hidden beneath a tilted top. In the
cerebellum the alterations were marked. On a seetion through the rostral end of the
lobus quadrangularis anterior, the convolutions were found flattened and the inferior
part compressed. The myelination was incomplete, and many convolutions were
without myelinated white matter. In all eonvolutions the radiation was short,
and the intraganglionar fibers were absent. The Purkinje cells were irregular, some-
times piled up and lined in several rows; many cells were degenerated and shrunken.
The granular zone was less dense than normal. Capillaries were hyperemie, and
perivascular spaces were enlarged. On a sagittal section through the lobus bi-
venter, the peripheral convolutions were stretched and thinned out. Large areas
were without white matter because myelination was incomplete. The whole cere-
bellum appeared compressed, and its shape was different from the normal.

The brain stem measured 24 mm, in width and 19 mm. in height, which iz only
slightly below normal. The medulla near its rostral end measured 20 mm. in width
and 12-13 mm. in height, which corresponded to the normal. The pons measured 20
mm, in width and 20 mm. in height, which was within expected range. It is note-
worthy that the substantia nigra was almost without pigmentation, although those
cells which were preserved were well developed. The condition corresponded to an
age below 4 years, when the substantia nigra is without pigment. Edema and ne-
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crosis were present. Special attention had been placed upon a study of the hypo
thalamic region, and a series of horizontal sections had been made. Although the
child was only 9 years of age, the size of the sections corresponded to the size of a
normal adult brain. The sections encompassed the nucleus ruber, the medial genie-
ulate bodies, the rostral end of the substantia nigra, the mammillary bodies, the
tuber einereum with the nuclei tuberalis lateralis and the nucleus tubero mammil-
lariz.  All these structures and fiber sygtems were recognizable and most of the cells
well developed. There were edema and necrosis of the cells of the oculomotor nuelei.
Az a whole, the hypothalamie region was better developed and preserved than any
other part of the brain.

Case 3. (38/17). Y year 8 months female. This child was much retarded. The
mental age was only 9months. The brain weighed 1 (044 grams, which eorresponds to 2
vears. The convolutions of this brain appeared simpler than in any other case.
They were flattened, and the shape of the brain was markedly piriform, with bulging
of the parietal lobes. In a lateral view the brain shape was similar to that of Cases
1 and 2. In horizontal sections simplicity of the convolutions was obvious because
of the absence of secondary fissures. The outline of the cortical layer was arcade-
shaped and showed many loops toward the white matter. The convolutions were
atrophie and pia-arachnoid fibrotic. The oceipital lobes showed compression.
Mieroscopic examination revealed the same principal alterations: irregularities in
fissural patterns, distortion of convolutions with thinning of the first layer, rough
ening of the surface, edema of the cells, and marked edema of the white matter.
Some hemorrhages into the gray and white matter were noticed. It might be men-
tioned that the basal ganglia and the hypothalamie region showed again relatively
good development, while the brain mantle was undersized.

Case 4. (M. I.) Ten year old female mongoloid. Brain weight, 1,025 grams.
Convolutions were markedly flattened; the consistency of the brain was soft. The
frontal and temporal lobes were distorted and short. The temporal lobes showed an
increase in vertical fissuration. The furrows divided the temporal lobe in parallel
lines, while the main sulei were ““S"-shaped. The frontal lobes were displaced up-
ward, and the brain was markedly bulging toward the upper part of the convexity.
The oceipital poles were compressed; the cerebellum appeared small. From above,
the convolutions appeared extremely flattened and broad, sometimes measuring
more than 2 em. in width; the fissures appeared shallow and ran in an irregular course
upon the convexity. The oceipital poles appeared atrophic.  From below distortion
of the temporal lobes was most eonspicuous; the fissures were irregular and the poles
pushed upward and outward. The pons and medulla were normal in size, although
the ecolor was whiter than usual, In a horizontal section through the whole brain,
the flattening of the convolutions was marked. The tips were ““T'"'-shaped and
pressed into every available space. Irregularity of the gray matter was most out-
standing. It formed large loops around the bottom of sulei, and sometimes the
fissures were entirely missing and the gray matter alone formed an areade-shaped
band. In some sections the gray matter of different convolutions was confluent and
formed piles of irregular cells. The basal ganglia were large and well developed.

Miecroscopic examination revealed the disturbance of the architecture of the gray
matter in the depth of fissures. Huge piles of undifferentiated dwarf cells were recog-
nizable. The tops of many convolutions were tipped over and flattened, the first
layer thinned out, and he edge rough. Areas 18, 19, and 7 showed a marked degree
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of atrophy with irregular surface and fibrotic leptomeninges. Hyperemia and small
hemorrhages into the gray matter were seen. A study of the myelination revealed
that the medullary cores were scarce. The tangential radiation was in most regions
insufficient. It did not penetrate into the more superficial layers, and large sections
of the gray matter appeared to be without myelinated fibers at all. The radiation
of the corpus eallosum and the deeper layers of the white matter disclosed patehy
demyelination. The fibers appeared moth-eaten and interrupted, and the tissus was
thin and necrotic. The eells of the gray matter were shrunken or edematous. There
was extensive, patchy loss of eells, not restricted to any particular layer.

In the cerebellum the scarcity of the myelinated fibers was conspicuous. The
distribution of the Purkinje eells showed irregularities; sometimes the line was dupli-
cated. Many Purkinje cells were arrested within the granular layer on their way
toward the borderline. The brain stem, pons, and medulla were normally developed ;
the substantia nigra was almost without pigmentation, while the locus caeruleus was
pigmented.

Case & (37/10). This mongoloid girl died at the age of 12 years. Brain weight,
1,110 grams.  Brain volume, 1,080 ce, The shape of the brain was similar to those
previously described. The occipital poles appeared flattened, the frontal lobes
pushed upward, and the convexity of the brain was bulging. Color of the brain was
vellowish white and waxlike (color of pons, white). The blood vessels were small
and searce.,

(On mieroseopic seetions there was a sharp contrast recognizable between the white
and gray matter, which appeared broader than normal. In sections near the frontal
poles the fissuration appeared normal, and the differentiation of the gray matter
she wed few anomalies. On sections through the superior frontal gyrus and the cen-
tre]l gyri, the convolutions were broad and the fissures shallow and incomplete.  The
stratum corticale appeared unusually broad and showed many loops bulging into the
white matter. The white cores were short and stout, the tips of the convolutions
tilted, and the cortical layers flattened. The surface of the first layer was rough and
thin. In this case the irregularities of the fissural patterns were most marked upon
the oecipital lobes.  Here tilting of convelutions was especially frequent, and areas
of gray matter without medullary branches were conspicuous. Some submerged
microgyri were recognizable, and many secondary fissures were not separated. The
temporal lobes were flattened at the base of the brain; the superior temporal gyrus
was presged against the insula, which was flattened. Seections through the basal
ganglia ard the hypothalamic region revealed that the central parts of the brain
were large and well developed ; the nuelei of the hypothalamie region were distinet,
and no abnormality was noticeable in these regions.  Brain stem, pons, and medulla
showed a normal development, but the cells of the substantia nigra—which were well
developed—were without pigmentation. The myelination of the cortex appeared
retarded. In the frontal lobes, tangential fibers were almost absent, and even the
association fibers were very little developed. The radiation penetrated only into the
deep layers of the gray matter. The incomplete myelination was most conspicuous
in the cerebellum, where the medullary radiation was scarce and thin; no infragang-
lionar fibers were myelinated, and large areas of cerebellar gyri appeared without
myelinated fibers. The arrangement of the Purkinje eells was irregular, with many
piled up or with rows of them duplicated. In other sections the Purkinje cells were
rare. Their development appeared unequal. Many were found without axons,
and others were sclerotic.
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Case 10. (37/8). 30 year 8 months male. At autopsy the brain weighed 1,215
grams. Convolutions were fairly well preserved but flattened out, especially upon
the convexity. The cerebellum appeared small. In seetions the brain revealed
a high degree of atrophy with fibrosis of the pia-arachnoid and marked sclerosis of
the convolutions. The nerve cells were seanty. Myelination appeared thin and
corresponded to that of a child of 2 years,

SUMMARY OF OBSERVATIONS

In spite of the fact that previous investigators were not able to reveal
consistent pathology of the central nervous system in mongolism, the avail-
able material indicates that mongolism is associated with a particular
neuropathology which is as typical as the elinieal picture itself.

For the sake of distinction, the alterations may be divided into two
groups: (1) pathology of development, (2) pathology of brain metabolism.

The developmental disorder is most readily understood from a study of
the cases beyond 4 years of age.

Every brain of that group had the same shape, which is distinguished
by an upward position of the frontal poles, the short, distorted temporal
poles, and the steep occiput. The cerebellum also had a peculiar shape:
it was not only smaller in most instances, but almost triangular, with the
apex pointing in a downward direction. From a study of mongoloid brains
there ean be no doubt that the outline of the frontal lobes, the distortion
of the temporal lobes, and the compression of the oceiput are the result
of the impact of the pathologic skull. [t seems, therefore, impossible to
accept van der Scheer’s idea that the skull formation is due to brachy-
cephaly. The brain is so soft and variable in shape that, even post mor-
tem, it is difficult to preserve its original shape and speecial attention has to
be paid to conservation. Moreover, the distortion of the gyri and fissures,
the compression of the basis, and the extension of the convexity are obvi-
ously of mechanical origin. The same form ecan easily be reproduced by
experiments with rubber balloons. The bulging of the brain toward the
top and toward the sides, with the typical rounding out, is due to the fact
that the membranous bones over the convexity vield more readily to pres-
sure than the firm skull hasis.

Related to the distortion of the brain is the confusion of the convolu-
tional and fissural patterns. It has not escaped the attention of previous
investigators that the mongoloid brain seems to have especially broad and
simple convolutions. I mentioned the opinion of Sergio Levy, who con-
siders the brain of mongoloids as a “biological reversion toward those seen
in lower primates.” This view was alzo expressed by Comby, who found
that “secondary fissures are rare and shallow, in fact the brain is, so to
speak, simplified, it recalls the brain of an animal, a monkey or a ruminant.”
My observations indicate that this explanation is not correect.
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It has been one of the main subjects of my studies to clarify the dis-
cussion about the convolutional and fissural patterns. If the pia-arachnoid
is stripped off the brain and the leptomeninges are entirely removed from
the sulei it becomes obvious that the main fissural patterns are normal, and
a similarity to patterns of lower animals was in no case present. All
fissures which are in a sagittal direction appear distorted; they are either
“S8”shaped or deviate upward, accordion-like. About the inferior and
lateral parts of the frontal lobes and about the oceiput, the folding is in-
creased through upward thrust, while the convexity is stretched like an arch
by shortening of the basis. It is true that the eonvolutions upon the con-
vexity appear simple and broad, but an analysis of these convolutions re-
veals that the dividing fissures are either distorted or submerged beneath
the convexity. The flattened convolutions have a drumstick shape, and
fissures have dizsappeared by fusion of their walls. This phenomenon of
fusion of the fissures is, to my knowledge, not mentioned by previous
investigators, but it iz one of the most characteristic features of the mongo-
loid brain. There was not a single brain beyond an age of 4 years in which
this fusion of fissures was not present. New evidence for this phenomenon
has recently come from L. O. Morgan, who restricted his work to a study
of the hypothalamie region in mental deficiency. He observed fusion of
the walls of the third ventricle. In one of his cases “the ependyma was
obliterated in the center of this fused area, allowing the hypothalamus to
become continuous across the midline.”

The question of whether submergence and fusion of the fissures which
are seen in older mongoloids are present in the mongoloid infant was of
special interest. Their presence in the latter would indicate that the broad-
ening of convolutions and the fusion of fissures is a prenatal abnormality.
If they were not present, it might be due to a pathologic process which
obliterates the original fissural patterns. A study of the brains of mongo-
loid babies showed that none of these brains revealed the broadening and
simplification. In all of them the fissural patterns were normal and the
convolutions were not broad, although some flattening upon the convexity
was noticeable.

Microscopic examination decided the guestion of whether the abnor-
mality of convolutional patterns was a malformation or the product of
disease. It was obvious that in the young mongoloids no abnormality of
fissural patterns was noticeable. A study of the walls of the fissures and
convolutional edges, however, revealed that in mongoloid infants beginning
fusion is noticeable. Kspeecially in the frontal lobes, many convolutions
showed a roughening of the margin, and both walls of fissures showed felt -
like proliferations of fibrous glia. Kven complete fusion could be noticed.
In infant brains one finds flattened convolutions with the top of each mush-
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room-shaped and the margin pressed upon the neighboring convolution.
The tissue reacts with a proliferation of glia at the edges and degeneration
of ganglion cells in the cortical layers. These pressure marks resemble
warts. In older mongoloids these warts are frequently fused with the
neighboring convolution, and tissue bridges are formed which overlap the
fissures.

Summarizing the disorder of convolutional and fissural patterns, there
are three factors which account for the pathology: First, submerging of
fissures through flattening and distortion of convolutions; second, fusion of
fissures which were previously separated; third, suppression of secondary
fissures through arrest of development. In this instanece, one may observe
an arcade-shaped outline of the architecture, but invagination of the surface
did not take place.

This disorder of the “‘perigenesis” is not without influence upon the
cortical tectonics and myelination. The different cortical areas are well
differentiated. The disorder of the fissures, however, is associated with a
confusion of the cortical strata, and the cortex reveals irregularities of the
oray matter. The pathology consists of piles of small nerve cells, which
were considered “‘embryonic cells” by some investigators (Weygandt).
These cells are more numerous in older mongoloids. It is hard to believe
that embryonic cells would remain in the same condition for an indefinite
period of life. I consider them as cells stunted through degeneration.
Seetions which are grossly normal show a rather dense arrangement of
nerve cells, which correspond in their architecture to the normal after birth.
The infantile cortex is denser in cells and appears somewhat broader.
With inereasing differentiation, the space between cells becomes larger
while the individual cell appears more developed. In mongolism the cortex
shows infantile patterns, with a broader cortical stratum and denser cell
arrangement, not to speak of the cell loss, which will be discussed later.

The pathology of myelination is conspicuous in every case. Tangential
fibers are either absent or poorly developed. The gray matter is almost
without myelinated fibers because tangential fibers are not present and the
radiation does not penetrate into the superficial layers. In the younger
mongoloids, lack of U-fibers is conspicuous, leaving a bright band between
the dark medullary core and the gray matter. Especially conspicuous is
the disorder and underdevelopment of myelination in the cerebellum. The
fibers are searce and end far away from the tip of the folia, therefore leaving
a rather large area of the stratum granularis without myelinated fibers.
Supra- and infra-ganglionar myelination is absent. It is of interest to note
that the disorder of eyto-architectonic and myelination is more obvious
in the cerebellum, the pons, and the medulla than in the pallium. Purkinje
cells are lined up in several rows or are absent, and many are found arrested
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within the stratum granularis. A “tuber floceulus” deseribed by Gans
was not seen in my material, but irregularities in the flocculus were fre-
quently found.

16, 32, (Upper left) Frontal lobe (7 mos. old mongoloid male). Note complete
absence of myelination of U fibers; unusually broad gray matter; absence of myelin
radiation; white cores poorly myelinated.

Fic. 33. (Lower left) Oeceipital lobe (14 yr. old mongoloid male). XNote absence
of U fibers and deficient myelin radiation in gray matter; poorly developed white
cores; tipping over and flattening of convolutions with submergence of others.

Fic. 34. (Upper right) Parietal lobe, myelin stain. Note deficiency of white
cores and unusual size of gray matter.

Fia. 35. (Lower right) Oeccipital lobe, myelin stain, low power (15 yr. old mon-
goloid). Note moth-eaten appearance of white matter and focal devastation of gray
matter; extremely underdeveloped myelination and lack of U fibers.

>athologic changes of a general character include in the first place the
absence of nerve cells in the cortex.  Davidoff, who put emphasis upon
this observation, felt that the loss was most marked in the third layer, but
other observers (Waverley research, Meyer-Jones) indicate that the loss



THE NERYAOUS SYSTEM 03

of cells 1s not restricted to any layer. The main problem is whether ab
sence of cells is due to a degenerative process or to a primary failure of
development. Davidoff found evidence of degenerative processes only in

IF1c. 36. (Upper left) Cortex, Nissl stain; 7 mos. old mongzoloid baby., Note
crowding of nerve cells; marked perivaseular neerosis and loss of cells.

Fic. 37. (Lower left) White matter, myelin stain; ¥ mos. old mongoloid baby.
Note marked perivascular demyelination with loss of myelin and oligodendro glia.

Fra. 38. (Upper right) Watery dissolution of nerve cells in cortex, Heidenhain
iron hematoxylin stain; 5 mos. old mongoloid baby. Marked brain edema.

Fia. 39. (Lower right) Perivascular necrosis with heavy ecaleification in white
matter; a 5 mos. old mongoloid baby. Weigert myelin stain.

his first and second cases, in which myelin-bearing granular corpuscles were
found, and he noticed that it may be of significance that those two brains
were both from patients under 1 year of age:
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It is not unhkely, therefore, that a degenerative process affecting the ganglion
cells, particularly those from the third cortical layer, oceurs very early in life, and
that in my yvoungest patients the last traces of this are still in evidence in the form of
granular corpuseles filled with the remains of the myelin from the axons belonging
to the degenerated cells.

This degenerative process is by no means completely at an end after the
first year of life. In many cases degenerative processes are present and
still in progress. Meyer and Jones also observed those degenerative proc-
esses and emphasized that older and very recent alterations were always
found, refuting Davidofl’s view that the degeneration was at anend. Even
Bourneville’s collaborators (Philippe and Oberthur), who studied a number
of mongoloid brains in 1902, 1903, and 1904, observed those degenerative
processes and gave a marvelous deseription which is still worth reading.
From a study of mongoloid brains through all age groups it is, therefore,
evident that degeneration of brain tissue, loss of nerve cells, and atrophy
of the cortex with gliosis and pachymeningeal fibrosis are always present.
In some of my cases a coagulation necrosis was marked with older and
recent hemorrhages into the tissue. Although this extreme degree of de-
terioration was not seen in all eases, minor degrees of the same alteration
were frequently encountered. By demonstrating the ground substance,
the speckled pepper and salt appearance of the tissue is impressive. Under
lower magnifications the tissues appear mottled, thinned out, and neerotic.
Islands where the ground substance seems still intact alternate with necrotic
patehes.  On the tissue islands, nerve cells in all stages of degeneration are
noticeable. The eytoplasm of many nerve cells forms a bright halo around
the nucleus; the more edematous the cells are, the brighter and larger the
halo. In many patches these halos are confluent and form a large area
of necrosis. It is suggested that the dropping out of cells, which is recog-
nizable in every case, is due to a continuous edematous submerging of nerve
tissue in which cell after cell meets death by suffocation. In Niss] prepara-
tions various stages of misplacement of Nissl substance to the edge, forma-
tion of vacuoles, and ehromolysis are present. Many cells are loaded with
fat. Similar observations are mentioned by Meyer and Jones, Canavan,
and Philippe and Oberthur, who noticed vacuolated cells also. It seems
of importance to trace degeneration of nerve cells into its early stages, and
in voung mongoloids below 1 year we encounter, indeed, the first stages
of this pathology. At that age the loss of cells is associated with cell
changes of varying severity. Acute degeneration is general and occurs
within a rather densely piled cortical stratum. Almost every necrosis ean
be traced to a vessel in the center. The material indicates that edema
of the nerve tissue with asphyxiation of the cells is one of the most impor-
tant pathologic features. It is, therefore, evident that the loss of ganglion
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cells in mongolism is due to a continuous dropping out of cells, owing to a
pathologic condition of the brain.  The remaining nerve cells are in a stage
of severe disease, either ischemic or sclerotic, with all those changes de-
seribed by Nissl, Spielmeyer, Cobb, and recent investigators of asphyxia-
tion. Inregard tothe localization of cell destruction, the frontal, temporal,
and oceipital lobes seem mainly affected, but in older mongoloids there is
no part without involvement. It is, however, worth mentioning that the
degeneration of the basal ganglia and the hypothalamie region is less con-
spicuous than the cortieal destruetion. Especially in the mongoloid in-
fants below 1 year, the cells of the hypothalamic region were well pre-
served, while at that age the dentate nucleus and the faseia dentata of the
hypocampus showed a marked degree of disintegration. In six cases of
Morgan, whose patients were between an age of 6 and 28 years, “a very
striking feature in most of these cases was the normal appearance of the
cells in the nuelel of the hypothalamus.”  This adds new evidence against
the view of van der Scheer and the opinion of those authors who assume
that the endoerine disorder in mongolism may be due to a primary de-
generation of the hypothalamie region.

Similar changes of a “metabolic character’” are also seen in the white
matter. Patchy necrosis, with softening and loss of myelination, was evi-
dent. It was, again, of interest to determine whether these changes are
consistent with the pathology of mongolism and are present in infants
below 1 year. Meyer and Jones included in their material one case of a
mongoloid male infant, aged 10 months. They noticed some rarefaction
in the myelin. There was also glia proliferation in subependymal areas
and perivascular sclerosis throughout the white matter as far as it could be
ascertained. Davidoff included two ecases of infants in his description.
The first was a mongoloid female child of 11 months. In the white matter
he noticed
several areas of demyelination affecting at times only a few fibers, which could be

followed for a considerable distance in myelin sheath preparations. Along the path
of these de-genera.ting fibers were granular corpuscles, either singly or in groups,
staining brilliant red in preparations for fat and also taking the deep blue tone of the
myelin fibers. These areas were almost wholly confined to the neighborhood of the
ventricular system,. A somewhat larger collection of granular corpuscles (his Figure
5] seemed to differ in character from the others; the cells, in addition to vacuoles
representing fat, also contained pigment which gave the iron reaction and showed »
pseudocaleareous reaction in hematoxylin and eosin preparations.

In the second case, a male infant of 6 months,

numerous small areas of absent myelination were present. Here also, as in Case 1,
the path of the abszent myelin was strewn with granular cells staining deeply for fat
as well as the hematoxylin in the myelin sheath preparations.

Those areas were also deseribed by Philippe and Oberthur.
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A histologic analysis of the alterations in the white matter reveals that
under low power the changes are best deseribed as “moth-eaten” and are
areas of focal softening. That the enlargement of the perivascular spaces
is not artificial is elearly indicated by homogeneous masses which fill the
spaces or fat corpuscles or caleium. A network within the spaces is fre-
quently preserved. The conerements are frequently referred to as caleium
or pseudocaleium on account of the staining reactions. Davidoff and
Meyer and Jones have analyzed those areas of necrosis and have demon-
strated that they are filled with granular corpusecles and fractions taking the
fat stain. Meyer and Jones applied the Holzer stain and demonstated
that there is a definite searring around the vessels. The glia fibers were
increased.

A study of the vascular system indicates that the vessels of the bran
are generally small. There is no striking pathology, but in Nissl prepara-
tions the intima stands out as a broad, translucent, jelly-like band, un-
doubtedly swollen. The intima stains deeply black by the tannin-silver
method, the musecularis appears homogeneous, and cells arve difficult to
recognize. The venous system generally shows enlargement and conges-
tion; stasis 18 marked in the capillaries of the white cores and gray matter.
In some cases the vaseular walls are entirely homogeneous or degenerated.
Intima proliferation and arterioselerosis were not found, although peri-
vascular ealcification was frequently seen. Small hemorrhages into the
necrotic tissue were not rare.

SYNOPSIS OF (OBSERVATIONS

The study of the central nervous system indicates that mongolism is
not a “primary’ mental deficiency or agenesis in the sense which was ex-
plained in the infroduection. The disorder i1s dependent upon a number of
pathologic processes which interfere with development and produce arrest
of growth and differentiation. The histology of the central nervous sys-
tem indicates cirenlatory deficiency, asphyxiation, edema, and brain swell-
ing. These factors produce a widespread disease of the nerve cells, which
react with ischemie changes and complete loss, a demyelination of myelin-
ated fibers and arrest of new myelination, signs of pressure upon the con-
volutions with disorder of the convolutional and fissural patterns, internal
pressure with compression of the ventricular system and frequently fusion.
Eventually general atrophy, selerotic changes, and degeneration are found.

The alterations reported above—foeal necrosis, demyelination, ischemie
cell changes, and Nissl's severe cell disease—are well known through a
number of experimental studies and elinical observations. All recent in-
vestigators agree that hypoglyeemia, carbon monoxide poisoning, asphyxia,
and 1schemia—in short, all conditions associated with central anoxia—



THE XNERVOUS 5YSTEM 97

produce the same type of histologic alterations in the brain, varying accord-
ing to the duration of exposure and time of survival.

The important conclusion which we may draw from the study of the
mongoloid brain is that the mental deficiency is the result of a chronic
deficieney of oxygenation or sugar metabolism. The brain reveals the
results of chronie anoxia, most marked in those babies who died in the first
few months after birth. In older patients more evidence of devastation
and atrophy is present without the acute signs of metabolic deficiency.
some of the deficiencey of brain metabolism seems to date hack to the stages
of prenatal morphogenesis, and we observe some indications of interference
with normal brain differentiation. The disorder of brain metabolism dur-
ing the most important period of development results in dwarfism and
stunted growth of the nervous system according to the same biological
laws which govern the arrest of physical growth.

Cretinism

ALTERATIONS IN THE CENTRAL NERVOUS SYSTEM

The pathology of the nervous system of cretins is less well known than
that of mongoloids. Not only is eretinism rare, but few creting succumb
to acute infections in infancy and childhood. If an adult eretin dies, the
observations collected at autopsy are difficult to evaluate because altera-
tions which developed later in life are likely to obseure the original de-
velopmental disorder. It must be expeeted that the pathology is not uni-
form, and proper consideration must be given to the type of eretinism—
thyroid aplastic, postinfectious, endemic. It is unfortunate that little use
has been made of the experimental material of thyroidectomies, despite its
abundance, to investigate the changes which take place in the nervovs
system after removal of the thyroid. Observations on endemic eretinism
are more numerous. Most of the studies, however, were made many vears
ago, when relatively little was known of the general neuropathology of
mental deficieney and growth disorders.

IFrom the available material one may say that the effect of thyroidectomy
15 a metabolic one, acting through channels of blood supply and lowered
brain metabolism. Since intelligence may be restored in myxedematous
adults, even after a considerable lapse of time, we may assume that the
alterations are reversible, if hypothyroidism has not lasted too long a time.

The first changes which are observed in the brain are vascular stasis,
enlargement of the small vessels, and edema. The white matter becomes
spongy, and the fibers are separated by fluid. Similar changes, though of
less extent, are recognizable in the gray matter, and the nerve cells react
with alterations similar to those seen in experimental asphyxiation. If
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hypothyroidism continues, these changes become irreversible, according to
duration and degree of metabolic disorder. The result is severe cell loss
and severe cell disease. In the end stages the cortex will be found devoid
of nerve cells, with cell shadows and stunted nerve cells as the only rem-
nants.

From observations on a few experimental animals which the writer has
studied, and a few autopsies, it may be said that the various regions of the
brain are affected in the same sequence that is seen in anemic or anorexic
asphyxia. The cerebellum, especially the dentate nucleus, and the Pur-
kinje cells are very vulnerable. The fascia dentata of the hippocampus
and the large Betz cells suffer severely and are reduced after longer lasting
hypothyroidism. As a whole, one cannot expect to find too many changes
in persons or experimental animals exposed to athyroidism for a limited
period of time and previously in good condition.

The brain of the thyroid aplastic eretin shows variations according to the
severity of the prenatal developmental disorder. The congenital condition
can be associated with agenesis or hypoplasia of the brain, and the observa-
tions resemble those reported in mongolism. The spinal cord reveals
asymmetry and a large central canal or ependymal proliferations. The
white matter is deficient in myelination, and in children myelination is
delayed. Asa whole the brain is larger than in mongolism. Severe neuro-
logical complications are seen in as many as 50 to 70 per cent of the con-
genital cretins. Lesions in the basal ganglia are apparently similar to those
which are found in severe anemias of childhood (erythroblastosis), and one
may wonder whether the anemia which is frequently associated with cre-
tinism does not have bearing on this type of pathology.

If athyroidism develops after birth the development of the brain is ar-
rested at a corresponding age level, and the condition of the brain reflects
the developmental age at the onset of the disorder. In contrast to mongo-
lism, a certain degree of hydrocephalus is common with myxidioey. The
cretin tends to have a large head. Brain swelling and edema alone do not
produce enlargement of the skull cavity, but the skull yields readily to even
a moderate degree of internal hydrocephalus.

If eretins are adequately treated, their mentality is restored to the mental
level with which they are endowed by heredity. This means that treat-
ment cannot improve the level of achievements beyond heredity. Many
a eretin will remain feebleminded in spite of early and efficient treatment.
At autopsy such cases reveal brain patterns which are bestowed upon the
cretin by his ancestry and not by eretinism. In areas of endemie eretinism
every feebleminded person is likely to be considered a cretin, and the great
variety of observations which are reported is due to the fact that so many
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anomalies are described which have no relationship to eretinism. De
(Quervain has pointed out that

if only the most extreme cases are seen, the problem appears simple and uniform, but
if there is opportunity to observe cretins by the dozens and hundreds, ranging in
degree from creatures below the level of animals up to somewhat simple citizens who
are able to vote and involving all the variations between dwarfism and normal growth,
then the problem appears extremely complicated, and one is inclined to ask what is
the common denominator for all these conditions.

The common denominator is a metabolic brain pathology produced by
the effect of chronic anoxia (anemia, histotoxie, and neurochumeral). The
lowered brain metabolism leads to stunted growth, if it is present during the
period of brain development. It leads to arrest of growth, if acting upon a
brain after organogenesis has been completed. The great variations in
structure are due to individual variations upon which the metabolie dis-
order has encroached, but which are not completely leveled by the extrinsic
factors.
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CHAPTER V

ENDOCRINE PATHOLOGY
The Thyroid Gland

Ix MoxcoLism

When, at the end of the last century and at the beginning of this one,
mongohism was recognized as a morbid entity and separated from eretinism,
some interest was centered on the pathology of the thyroid. Several of
the earlier reports mentioned a “normal” thyroid, apparently in contrast
to the thyroid in eretinism, which shows conspicuous signs of pathology.
These earlier reports had few faets to rely on as to the strueture of the
normal thyroid and the general patterns of endoerine pathology. 1In the
light of present day knowledge, those reports are of little value. Bourne-
ville, however, reported definite changes, mostly of a degenerative nature.
[n recent publications Gordon and Pennaechietti have reported pathology.
The latter called attention to the similarity between goiter in childhood
and the alterations which he saw in his mongoloid material. All these
reports were based on few observations only.  Thyroid therapy had heen
tried, but on the whole with little success, and the thyroid as a problem in
mongolism had been discarded.  In 1939 I first gave a report on the thyroid
in mongolism based on a study of 14 eases.  In the meantime, the material
has inereased to more than 48 cases.

The study of this material establishes beyond argument that the thyroid
in mongolism is profoundly abnormal.  Although the term “colloid goiter”
i= used to indieate the histologie appearance, the term does not mean an
enlargement of the glands.  The weight of the thyroid is far below normal,
and if one considers the fact that it is impossible to separate correctly the
glandular tissue from the surrounding connective tissue, the given weights
are still too high. The weights of 24 cases are given in Table 10.

The hypoplasia is impressive at autopsy, and it is sometimes difficult to
find the gland at all. The loeation is rather low around the trachea, and
thyroid and thymus are frequently separated incompletely.

There are few eareful observations on the weight of the thyroid of normal
persons. Hertzler in his recent book writes of “the gland weight 2.5 Gm.
at birth and 10 Gm. at an age of fourteen years, The remainder of weight,
sav 15 grams, develops after puberty up to twenty-five grams average
weight at twenty-eight vears of age.” For the adult thyroid, a weight of
20 to 30 Gm. is generally considered normal, and a weight of between 2 and
3 Gm. is normal at birth. I am not aware of any data on the normal
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thyroid weight during infancy and childhood in the sea border states of the
United States. For this reason 1 collected the weights of 40 control cases
of children, and found the weights which are given in Table 11.

This table gives a reliable minimum which may be expeeted in the aver-
age child, although the weights it contains are probably low, because some
feebleminded children were ineluded. However, the table reflects fairly
well how much one ean expect in the average. Comparison with a weight
table prepared by Eggenberger for several European countries shows that
the weights given above can be generally accepted.

TaprLe 10.—Weight of Thyroid in Mongolism®

P B e
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* Including capsule and conneetive tissue.

These tables demonstrate that the thyroids of mongoloids are extremely
underdeveloped. The hypoplasia varies in its extent, but it was present
in all cases with the exception of two deseribed later. The most extreme
degree of hypoplasia was seen in four patients. One mongoloid girl of 4.5
vears of age had only two small nodules with a total weight of 1 Gm. In
one mongoloid baby the thyroid was absent, but some abnormal thyroid
tissue was found within the thymus. One 9 year old boy had a thyroid
weighing 2.5 Gm., and in one 18 year old boy the gland weighed 3.5 Gm.
In several cases thymus and thyroid were connected with each other, and
it was impossible to separate the two without use of a microsecope.

The pathology of the thyroid ean be understood only through microscopic
study. It may be useful to start with a brief discussion of the normal thy-
roid in infanecy and childhood. Such a report may be the more welcome
because of the lack of studies at hand.
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The glandular tissue develops from solid epithelial nests during fetal
life, which gradually form lumina and secrete colloid. In fetal thyroids
many acini are already well developed in the last four months before birth
and contain colloid. After birth the thyroid is composed of acini which

TasLe 11.—Average Weight of Thyroid of 40 Control Individuals
Age in Years ']-!'L.'b'm‘i::I:'“'i;:ht

2-5 2-4.5
8 i

12 B-14
14 12-14
15 12-20
19 17-24
20 ' 12-27.5

and above

TaBLE 12.—“Normal’’ Thyroid Weights in Childhood

Author: Isenschmid Wepclin Eerenberger Castaldi
Flace: Hern, Switzerland Morth Germany Home, ltaly Florence, Italy
Age Gm. G, G | Gm.
Newhorn 4-6.6 1.9 | 1.5-3.0 1.1
- | —
1 year 2.0 | 2.4 1.9 1.7
2 years 7.5 3.7 2.2 2.8
4 years 14.5 6.1 : 3.4
fi vears 17.0 7.4 4.4 3.6
11 years 25.10 1.2 7.0

“Normal" Thyroid Weights in Adults

Author; Marine & Kimball Huek, Wegelin Marchand
Place [ 50 Narth Germany France
L. (Gim. {im.
25 i 20-25 _ 22-24

are lined by cuboid or high columnar epithelium. Wetzel states that the
thyroid of infants shows a uniform picture, The acini are of almost equal
size, and the diameter gradually inereases from 50 to 100 mierons during
the first year. The colloid is thin and liguid. Coneerning the uniformity
of the size of acini in the so-called normal thyroid, my observations are
more in line with Hertzler’s, who stressed that throughout infancy and
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childhood there are solid epithelial nests and small new-formed aeini to be
found beside the well-developed acini which contain colloid. It is, how-
ever, true that the acini gradually inerease in size and that an average of
250 mierons is not to be found before 4 years of life. Greater distention
with flattened epithelial walls and brittle colloid is not common before an
age of 8 to 12 years. The normal epithelium is euboidal, with a vesicular
nucleus and a clearly demarcated eytoplasm. The adjacent acini walls
do not erowd each other and are separated by a large capillary system and
fine conneective tissue fibers., THertzler mentions that “the colloid in very
early life is so thin that it is not stained at all by eosin and only faintly by
Mallory’s trichrome methylene blue. It does not stain normally as com-
pared with that of the adult until the fourth to sixth year. When it does
stain, it 1s uniformly acidophilic with eosin.” Normal colloid stains red
with eosin and blue with the trichrome Mallory. Hertzler and others use
the term “aecidophilic,” but this term reminds one too much of the acido-
phils of the pituitary gland, which stain red hoth with eosin and with
Mallory’s trichrome stain, while normal colloid of the thyroid stains light
blue with the latter. If colloid hecomes abnormal, thick, and stagnant,
the color is darker. Abnormal colloid stains with the hematoxylin of the
H & E stain, while it stains orange by Mallory’s trichrome. Brittleness is
clearly indicated by wavy appearance and splintering.

(One may approach the problem by establishing the main patterns of
pathology which ean be found in infaney and childhood. The so-called
Basedow thyroid is not ineluded.

1. Distention of acini beyond normal size, with flattening of epithelial
walls, disappearance of cytoplasm border lines, and pyknosis of nuelei.
Acini tightly filled with colloid which stains dark pink or dark blue and
orange and is wavy and brittle. The epithelial walls touch each other,
and there is little interstitial tissue: Colloid goiter, “resting.”

2. Absence of colloid formation. The acini are small and empty, or no
lumina are formed at all. Parenchyma consists of solid epithelhal nests:
Fetal gland, developmental arrest or retardation.

3. Inerease in connective tissue separating the aecini and eneroaching
upon them: Replacement fibrosis.

4. Inequahty of acini, most of them abnormally distended by colloid.
Solid epithelial nests and small acini with thin colloid between. Prolifera-
tion of epithelial cells in the epithelial walls, duplieation of walls, and papil-
lation: Colloid goiter with possible toxie activity.

These four standard alterations may occur in various combinations.
The pathologist is not able to make a statement about toxicity or mere
hypofunction. Until recently observations of pathologists and clinicians
were g0 little in accord with each other that it seemed almost impossible to
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come to any agreement. Recent research, however, gives a lead for a
sounder approach to correlating histology and physiology.  The cells of
the thyroid are a secretory epithelium with the task of discharging their
secretion into the lumen of the acini, in which the ineretion is stored as
colloid. The colloid is viscous, but it is a fluid that is in permanent ex-
change with the epithelial wall, which absorbs certain agents as well as
produces new material. It is easily understood that in order to function
there has to be a normal epithelial wall, colloid in a correct state of liquidity,
and sufficient vascularization. If colloid is stored and petrified to such an
extent that the epithelial wall is flattened and the cells are unable to seerete,
the gland is no longer sustaining normal function. If no acini are formed
and no colloid is produced at all, the gland is then unable to carry out its
assignment. The deduction that new growth of epithelium may have a
toxie influence upon the organism is taken from observations in Graves’
disease, where epithelial proliferation and papillation dominate the picture.
The type of toxicity and its extent cannot be determired by histologieal
means.

A study of forty-eight mongoloid thyroids provides evidence that the
mongoloid child has an abnormal thyroid, which is not suited for adequate
function.

1 (CH 60). Two days, female: Advanced development with beginning colloid
Elasis.

Peripheral acini enlarged, filled with dark red, brittle colloid. Some papillation.
Epithelial walls high columnar. Many smaller acini empty or with colloid thin and
granular. Center of gland contains many interacinal cell nests without lumina.

Glandular age seems advanced. Distention of acini and dark colored, brittle eolloid
indicate stasis.

2 (CH 31-76). Nine days, male: Beginning colloid goiter with replacement fibiro-
sis and degeneration. Fetal nodule in center.  (Fig. 40.)

sSmall nodules separated by thick strands of connective tissue, especially on one
side of the trachea. Peripheral acini enlarged, irregular in shape, filled with thin
colloid. Many epithelial nuelei pyknotic; cells degenerated. Center of gland con-
gested.  Inerease in connective tissue separating the feial cellular ecolumns without
formation of acini and conspicuous cell degeneration.

3 (CH 35-9). Six weeks, female: Colloid stasis, replacement fibrosis, fetal cell
nests in degeneration,

Connective tissue separating parenchyma into smaller nodules.  Acini of varying
size and shape. Majority of acini with no or little colloid. Epithelial walls show
pyknotic nuclei and degenerated cells.

4 (CH 29-162), Two monthg, male: Beginning colloid stasis, replacement fibrosis
fetal cell nests.

Peripheral acini greatly enlarged, filled with pink, erenated colloid. Epithelial
walls columnar. Center of gland congested. Acini small, empty, or filled with thin
colloid. Shape of acini irregular. Inerease in interacinal connective tissue.

¥
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o (CH 30-181). Two and a half months, male: Undeveloped fetal gland with
hibrosis.

There are only small nests of undeveloped fetal tissue interspersed among thick
connective fiber bands. Few acini in the periphery enlarged, ill shaped, contain gome
colloid.

6 (CH 35-173). Three months: Beginning colloid goiter, replacement librosis.

Interacinal fiber tissue increased, acini irregular in shape, lined by columnar epi-
thelium with many pyknotic nuclei. Colloid pink, retracted, and crenated. Aeini
in periphery greatly enlarged and lined by flattened epithelium. Colloid dark in
periphery and slightly brittle.

7 (CH 29-95). Four and one half months, male: Fetal gland colloid-free. De-
generative replacement fibrosis.  (Fig. 42.)

Irregular strands of connective tissue separating parenchyma. Acini irregular in
shape, compressed, empty, or filled with thin colloid. Epithelial walls lined by small
degenerated cells with pyknotic nuelei. Fibrosis conspicuous.

8 (CH 37-6). Five months, male: Colloid goiter with replacement fibrosis.

Arcini distended and filled with dark colored, brittle colloid, erenated, vacuolated.
Epithelial walls columnar or thinned out, and partly destroyed colloid in interacinal
spaces. Conspicuous fibrosis in some areas.

9 (CH 31-62). Six months, female: Fibrosis of old degenerated colloid goiter.
(Ing. 44.)

Conspicuous fibrosis with nodular separation of parenchyma. Acini narrowed
by proliferated fiber tissue. Shape of acini irregular. Acini filled with colloid,
vacuolated, dark pink. FEpithelial walls lined by pyknotic degenerated flat cells.

10 (CH 43-120). Six months, male: Replacement fibrosis of undeveloped fetal
goiter.

Acini almost empty, lined by small, dark, nucleated epithelial cells. Borderlines
indistinet. Conspicuous increase of connective tissue encroaching on the irregular
sized acini.

11 (CH 37-1). Seven months, female: Colloid goiter, resting.

Acini greatly distended, lined by thin layers of epithelium partly destroyed. Col-
loid thick, vacuolated, brittle. Interacinal tissue absent. Epithelial walls of ad-
jacent acini pressed against each other. (Fig. 49.)

12 (CH 45-152). Eight months, male: Within normal range.

(Treated with thyroid since first month of life.) Acini fairly regular, medium
sized, but distended in periphery. Colloid pink, slightly brittle. Epithelial walls
well preserved, but many nuclei pyknotic. Interstitial connective tissue increased.

13 (CH 31-30). Nine months: Colloid goiter with replacement fibrosis.

Conspicuous increase in interstitial tissue encroaching on the acini. Acini filled
with dark staining, erenated, and vacuolated colloid. Epithelial walls flattened and
degenerated. The small acini are lined by columnar epithelium, partly degenerated.
Much of the colloid stains orange with Mallory stain.
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14 (CH 30-13). Ten months, female: Fetal cell nests, colloid-free. Thyroid and
thymus not separated.

Thyroid-like tissue found within thymus nodule. Thyroid without ecolloid.
Small, irregular, epithelial strands compressed by fibrous tissue.

15 (CH 32-207). Thirteen months, male: Colloid goiter with fibrosis.

Acini with flat epithelial walls, irregular in shape. Colloid brittle, crenated, and
vacuolated. In center of gland small areas with aeini little distended and almost
empty. Increased connective tissue.

16 (CH 453-154). Eighteen months, male: Colloid-free, degenerated fetal gland.
Acini irregular in shape, compressed by fibrous tissue. Walls partly destroyed.
Cell nucleil pyknotic. Congestion.

17 (CH 33-80). Eighteen months, female: Colloid goiter with replacement fi-
brosis.

Distended acini, filled with dark, brittle colloid. Epithelial walls flattened. Cell
nuelei pyknotic. Tremendous inerease of conneetive tissue encroaching on the small-
er acini, which are irregular in shape, compressed, and filled with thin granular
colloid.

18 (CH 43-102). Twenty-two months, male: Colloid goiter.

Acini lined by flat epithelium partly destroyed. Aecini distended. Colloid vacuo-
lated, slightly brittle. Increase in connective tissue. Smaller acini compressed.
Few solid epithelial nests without formation of acini.

19 (CH 24-102). Two years, four months, female: Colloid goiter with replacement
fibrosis.

Acini irregular, distended, filled with granular, pink colloid. Epithelial walls
partly destroyed. Nuclei pyknotic. Interstitial connective tissue increased.

20 (CH 40-57). Four years, five months, female: Colloid goiter with fetal eell
nests and replacement fibrosis.

Acini in periphery enlarged, lined by flat epithelium. Most nuclei pyknotic.
Colloid pink, vacuolated, and partly brittle. Large area of gland shows undeveloped
fetal epithelial nests with little development of acini and no colloid. Nests are sepa-
rated by thick strands of connective tissue.

21 (CH 42-99). Four years, five months, male: Colloid goiter with fetal cell nests
and fibrosis.

Small acini greatly distended and filled with brittle colloid lined by flattened epi-
thelium with pyknotic nuelei. Rest of gland consists of fetal tissue with solid cell
nests surrounded by increased connective tissue.

22 (CH 43-103). Six years, seven months, male: Colloid goiter.
Some areas tightly filled with colloid, dark pink, and crenated. All walls flattened
and epithelial nuclei pyknotic. Some areas without colloid degenerated.
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23 (CH 43-124). Seven years, seventeen days, male: Colloid goiter resting.
Acini distended, colloid brittle, epithelium fHattencd. Little epithelial activity.

24 (CH 40-47). Eight years, seven months, female: Colloid goiter.
Majority of acini distended, filled with eolloid. Flattened epithelial walls.

25 (CH 38-25). Fight vears, eight months, male: Colloid goiter.

Acini greatly distended, filled with brittle eolloid. All epithelial walls Hattened.
Majority of cells pyknotic. Many walls destroved. Interacinal spaces filled with
colloid. Some irregular cell columns dispersed among fiber tissue. (Fig. 45.)

26 (CH 43-125). Fight years, nine months, male: Degenerated thyroid with
fibrosis.

Majority of acini empty. Epithelial walls thin. Cells small, pyknotic nuclei.
[nereased connective tissue, eneroaching on the irregularly shaped and compressed,
empty acinal tubes,

27 (CH 44-134). Nine years, seven months, female: Degenerated thyroid with
librosis.

Majority of epithelial walls irregular and partly destroyed. Large acini filled
with thin colloid. Many smaller acini empty. Inerease in connective tissue.

28 (CH 38-17). Nine vears, eight months, female: Simple colloid goiter, resting.
(Fig. 46.)

All acini greatly distended, filled with brittle colloid.  All epithelial walls flattened
and compressed,

29 (CH 44-141). Ten years, nine months, male: Degenerated colloid goiter with
inereased fibrosis and numerous undifferentiated eell nests.

Small groups of acini, separated by broad bands of faintly staining connective
tiggue.  Acini filled with pinkish eolloid, partly vacuolated. Walls are compressed,
flat, and partly destroved. Much cell desquamation. Numerous solid cell nests
without formation of lumina.

30 (CH 44-139). Eleven vears and one month, male: Colloid-free fetal gland.
(Fig. 43.)

The gland i1z free of colloid. The parenchyma consists of solid epithelial strands
or narrow, ill-shaped acini filled with epitheloid elements.

31 (CH 37-10). Twelve years, female: Old diffuse colloid goiter.

All acini extremely distended, filled with dark blue or orange colloid (Mallory
stain). Walls of acini flattened, pressed against each other. Almost no interstitial
tissue. There is a moderate amount of small gized acini, but no undeveloped fetal
lissue.
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32 (CH 42-82). Thirteen years, ten months, female: Old eolloid goiter, resting.

Majority of acini distended, tightly filled with colloid. Epithelial walls flattened.
Cells moderately degenerated, nuelei pyknotie.

33 (CH 38-23). Fourteen years and five months, male: Degenerated, exhausted,
colloid goiter.

Aeini partly distended and filled with colloid. Epithelial walls flattened. Much
degeneration of walls and exfoliation. Majority of acini colloid-free or filled with
some faintly staining granular material. (Fig. 48.)

34 (CH 38-32). Fourteen years and eleven months, male: Old colloid goiter with
some evidence of toxic activity. (Fig. 47.)

Acini distended, filled with pinkish, brittle colloid. Vacuolation. Epithelial
walls extremely flattened. Cells show no borderlines. Nuelei pyknotic. There is
some evidence of epithelial cell proliferation and papillation.

35 (CH 43-100). Fifteen years and eight months, female: Old colloid goiter
with slight indication of toxicity.

Aeini distended, filled with dark pink eolleoid. Epithelial walls flattened, cells
compressed. Nuelei dark stained. There is moderate formation of solid epithelial
nests and new small acini.  Papillation in few larger acini,

36 (CH 44-148). Fifteen years, ten months, male: Degenerated colloid goiter,
fibrosis, undifferentiated fetal cell nests or fetal acini,

Connective tissue greatly increased, encroaching upon the acini, which vary
greatly in size and shape. The large acini are distended, filled with erenated colloid.
Epithelial wall flat, compressed. Nuelei dark stained. Many smaller acini contain
little or no colloid and show eell desquamation. There are solid epithelial strands
and proliferating epithelium nests.

37 (CH 42-85). Sixteen yvears, male: Colloid goiter with some fetal activity and
possible toxicity.

Acini distended and filled with pink colloid. Vacuolated and crenated. Epi-
thelial walls flattened in some areas, in others of medium columnar size. Acim
separated from each other by enlarged congested eapillaries.  Some epithelial walls
degenerated and exfoliated. Cells are suspended in interacinal colloid and eonnee-
tive tissue. There are numerous smaller solid epithelial nests.

38 (CH 41-58). Sixteen years and three months, male: Colloid goiter, degener-
ated, fibrosis.

Acini filled with brittle colloid. Irregularity of shape and size. Inecreased fibro-
gis, encroaching upon aeini.

30 (CH 42-90). Seventeen years, male: Colloid goiter with fetal epithelial nests.
New formation of rather high epithelium, possible toxic aetivity.



110 MONGOLISM AND CRETINISM

Acini greatly distended, filled with brittle colloid. Flat epithelial walls. Epi-
thelial cells do not show borderlines, and nuclei stain darkly. Numerous solid fetal
cell nests and areas of epithelial proliferation.

40 (CH 42-81). Beventeen years, male: Colloid goiter with large remnants of un-
developed epithelial nests and columns with increased fibrosis. Possible toxie ac-
tivity.

Increase in connective tissue encroaching upon the acini and separating them
from each other. In periphery some distended acini filled with colloid. Epithelial
walls flattened. Cells without borderlines. Capillaries enlarged and congested.
In center, majority of acini of small gize and filled with thin, faintly staining colloid,
or empty. Numerous epithelial cell nests and strands without formation of lumina
embedded in fiber tissue.

41 (CH 43-126). Seventeen years and one month, female: Diffuse colloid goiter
resting.

Numerous acini digtended and tightly filled with colloid. Aecini in small groups
separated from each other by faintly staining connective tissue. Large acini sur-
rounded by smaller acini and some solid eell nests without lumina.

42 (CH 42-83). BSeventeen years and nine months, male: Colloid goiter with de-
generation and some possible toxic activity.

Few extremely distended acini, filled with colloid, are recognizable by naked eye.
Walls thinned out. Epithelial layers partly destroyed. Colleid within connective
tissue strands. Other medium sized acini tightly filled with eolloid. Cell border-
lines indistinet. Nuelei darkly stained. Considerable amount of epithelial prolifer-
ation and defoliation.

43 (CH 44-146). Eighteen years and four months, male: Colloid goiter with possi-
ble toxicity.

Acini distended, filled with colloid. Walls flattened, borderlines of epithelial
cells indistinet. Nuelei darkly stained. In some areas aeini show exfoliation, and
epithelial walls are partly destroyed. Moderate amount of small epithelial nests.

44 (CH 38-22). Twently years and six months, male: Hashimoto's thyroiditis.
(Fig. 41.)

Few islands of greatly distended acini, filled with orange colloid (Mallory stain).
Rest of the gland shows epithelial cells in strands without lumina. Dense infiltration
with lymphatie cells.

45 (CH 43-111). Twenty-six vears and four months, male: Colloid goiter with
possible toxic activity.



ENDOCRINE PATHOLOGY 111

Majority of acini greatly distended and filled with colloid. Epithelial walls
flattened. Moderate amount of small solid epithelial nests and new formation of
acini.

46 (CH 41-71). Twenty-eight years, female: Old colloid goiter with possible toxic
activity.

Majority of acini greatly distented, tightly filled with colloid. Epithelial walls
flattened, cell borderlines indistinet, and nuclei pyknotic. Some solid epithelial cell
nests and interacinal eell proliferation.

47 (CH 37-8). Thirty years and eight months, male: Colloid goiter with some
possible toxie activity.

Many acini distended, filled with colloid. Epithelial walls flattened, capillaries
congested. Smaller acini show columnar epitheiium and contain little granular col-
loid. Some solid epithelial nests.

48 (CH 44-129). Forty years, female: Old colloid goiter with degeneration and
no signs of activity.

Acini distended, filled with colloid, considerable destruction of epithelial walls
with cell desquamation and eells floating in colloid.

Tasre 13.—Pathology of Thyroid in Mongolism

i Number / Percentage
i L S e LA [EE

Collaidagniter, Preabing’™ . .. cor e s 10 | 20.8

Colloid goiter with marked fibrosis................ i 15 | 31.1

Colloid goiter with signs of possible toxie activity... .. . 10 I 2008

Fetal glands without colloid formation. . 2 B 12.5
Fetal cell nests and nodules with some mlimd i'nr:mtmn | |

in periphery. : 1 | 8.35

Chronic ly mphutm l.h_‘,.lul{llt-l:i {Hdshlmutu 8 tlnrﬂldl[i&} 1 ! 2.12

Normal (one prematurely advanced)................... | 2 | 417
AT L5 o o e i A e O Crr L P, . gl e 48 |

By summarizing the observations, the pathology may be indicated as
in Table 13.

It is hard to understand that the mongoloid thyroid has escaped its
proper classification for such a long time. The main reason seems to be
that, in spite of some work on cretinism and Graves’ disease, knowledge of
thyroid pathology is still little developed. Progress has been greatly re-
tarded by the misconception of many elinicians and pathologists, who think
only in terms of plus-minus metabolism or hyper- and hypo-funetion of a
gland. It has been recognized for only a few years that Graves’ disease
is not a simple hyperfunction of a normal gland and that myxedema is not
a mere hypofunction. Neither is endemic eretinism a simple athyroidism.
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The mongoloid is endowed with a thyroid which does not function prop-
erly. Tf we take all cases with resting colloid goiter and fibrotic colloid
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Fig. 40. (Upper left) Colloid-free ““eretinoid”’ thyroid in a 9 day old mongoloid
male baby (31/76). Note fetal nodule without formation of acini and eolloid; in-
creased connective tissue and irregular epithelial proliferation.

Fia. 41. (Lower left) Hashimoto’s lymphoid thyroiditis in a 20 yr. old mongoloid
male (38/22). Note lymphatic infiltration; acini small; thyroid without colloid.

Fia. 42. (Upper right) Colloid-free “cretinoid”” thyroid in a mongoloid baby 43
mos. old (20/95). Note irregular epithelial proliferation without aeini formation;
inereased fibrosis.

Fic. 43. (Lower right) Colloid-free “eretinoid’’ thyroid in 11 yr. old mongoloid
(44/139). Note “myxedema” cells without colloid formation in thyroid.

soiters or those with possible toxic activity, we see that 35 of the 48 patients
fall in this group. Histologically, the colloid goiter is undoubtedly the
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most frequent type in mongolism and may be found even in babies of a few
months. Such completely resting colloid thyroids have never heen de-
seribed 1 infants of such a tender age. [t 18, however, wrong to consider
the colloid goiter as the only type of pathology present in mongolism. It is
mmportant to realize that 10 patients, or 20.8 per cent, had fetal glands
which were either not developed at all or showed fetal nodules of consider-
able size. Whether this fetal tissue as such exercises any abnormal toxic
influenee is impossible to determine. In some of these glands, myxedema
cells were present. In all of them the lack of colloid was conspicuous,

As will be seen in the discussion of eretinism, myxedema develops only
it no colloid 15 present at all, and very few colloid-containing acini suffice
to prevent its development. This is the reason that myxedema is rela-
tively rare in mongolism. This, however, does not mean that thyroid
funetion 15 normal and adequate. The available colloid may prevent
myxedema, but the parenchyma may be entirely inadequate for all the
other funetions, especially growth and sex development. The presented
material provides evidence that 20 per cent of the mongoloid patients, es-
pecially babies and infants, are on the threshold of myxedema and are
suffering from inadequate thyroid supply. In all mongoloids, thyroid
function is lagging. The only gland which was macroscopically enlarged
was a case of Hashimoto’s thyreiditis, where practically the whole gland
was replaced by lymphatic tissue. Of the so-called two normal glands,
one was that of an & months old baby who died of pneumonia after having
been treated for seven months with thyroid and pituitary injections, The
other gland was that of a 2 days old mongoloid. In this case the gland
showed well-developed, rather large acini which contained thick colloid.
This finding is not exaetly what one may consider a normal thyroid and is
suggestive, at least, of some abnormal premature stimulation.

[ may summarize that the mongoloid baby starts life with an abnormal
thyroid gland. Not only is such a thyrowd not fit to provide the necessary
hormones, but the fact that the thyroid shows profound pathology from
the very beginning indicates that the causative factors are operating in the
prenatal period. It would be of great interest if one could draw conclusions
from the pathology of the newborn as to the maternal deficiency. Observa-
tions, however, are still too confusing. It is, therefore, impossible to specu-
late on a hyper- or hypo-thyroidism of the mother of a mongoloid child.
In several papers Clark has stressed the idea that mongolism is “the result
of hyperthyroidism ceasing at birth.” . R. Myers and others are inelined
to attribute it to hypothyroidism.

My observations on mongoloid thyroids obtained a few days to weeks
after birth, where fibrosis and lack of colloid formation were conspicuous in
all but one case, do not favor Clark’s idea of a “hyperthyroidism ceasing at
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Fig. 44. (Upper left) Colloid goiter with fibrosis in a 6 mos. old mongoloid female
(31/62). Note enlargement of acini filled with thick, crenated colloid; flattening of
epithelial walls; replacement fibrosis.

Fig. 45. (Center left) Colloid goiter in an 8 yr. old mongoloid male (38/25).
Note enlargement of acini up to 500 miecra; flattening of epithelial walls; colloid brit-
tle, stagnant ; some interstitial fibrosis.

Fig. 46. (Lower left) Resting colloid goiter in a 9 yr. old mongoloid girl. Note
flattening of epithelial walls; colloid brittle; no vascularization of interstitial tissue.
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buth.” My observations are compatible with maternal hypothyroidism,
vet not conclusive.

With the discovery of a definite thyroid pathology in mongolism, this
condition again takes its place among the thyroid deficiencies or dyserasias.
An argument more than half a century old seems finally settled. The
observations, however, do not permit the classification of mongolism as a
thyroid deficieney per se. The fact that resting colloid goiter can be ex-
perimentally produced by pituitectomy suggests a close relationship be-
tween the thyroid deficiency and pituitary pathology. One feels foreed
to conclude that the lack of thyrotropie action on the part of the pituitary
1= the main cause for the failure of thyroid funection.

Ix CRETINISM

From the viewpoint of pathology, the diagnosis of any type of eretinism
depends upon the demonstration of essential thyroid pathology, and a
clinical diagnosis of eretinism with a “normal” thyroid at autopsy would
he a mistake. It would suggest that the dwarfism was due to other factors
or the mental deficiency was a primary one and happened to oceur in an
area of endemic cretinism.

Three patterns of thyroid pathology are found in eretinism:

1. Thyroid aplasia as congenital defect.

2. Athyroidism due to loss of thyroid function.

3. Thyroid dysfunction on the basis of a degenerated goiter.

Thyroid Aplasia or Sporadic ('relinism
Y P I

Thyroid aplasia is the main cause of infantile myxedema or myxidiocy.
The interesting observations made in these cases permit one to make the
diagnosis with great aceuracy and to separate the congenital type from
acquired loss. Aplasia as a congenital malformation is due to a failure of
proper differentiation of the pharyngeal pouches. The thyroid is derived
from pharyngeal epithelium, being one of the “branchiogenic derivatives.”
Thyroid development is related to the differentiation of the branchiogenie
organs (thymus, parathyroid, tonsils), and anomalies in this differentiation

FiG. 47. (Upper right) Colloid goiter with possible toxic activity in a 15 yr. old
mongoloid girl. Note extreme enlargement of acini filled with brittle, splintering
colloid; some epithelial nests between acini and papillae formation.

Fic. 48, (Center right) Resting colloid goiter in a 14 yr. old mongoloid male.
Note enlargement of acini; brittle colloid; flattening of epithelial walls; absence of
vascularization.

Fic. 49. (Lower right) Resting colloid goiter in a 7 mos. old mongoloid female.
Note flattening of epithelial walls; erenated, brittle colloid; no vascularization of
interstitial tissue.
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are not rare.  One may remember that the five pharvngeal pouches
with the exception of the first pouch, which is involved in the formation
of the inner ear-—are the source of the important endoerine glands found
in the neck. Pouch two forms the tonsils and lymphatic organs of the
pharynx. Pouches three and four are the source of thymus and epithelial
hodies (parathyroids), whereby, from the third pouch, the thoraeic part
of the thymus is derived as well as the lower epithelial bodies. Both strue-
tures have, therefore, a rather long trail of migration, by-passing structures,
which are later found above the thymus. This is the cause of frequent
malformations and displacements. I mentioned before that in mongolism,
thymus tissue is frequently found in the immediate vieinity of the thyroid
or the thymus may remain connected with the cervieal region by ducts or
epithelial cords. The epithelial bodies may be found displaced or may not
be found at all, because they may be buried in some other tissue far away.
Their absence seems extremely rare, at least, in autopsies of persons who
have attained a certain age.

The thyroid develops medially from a noblike protuberance in the meso-
branchial area as a unilateral organ. Division into two lobes occurs later,
while the thymus is bilateral from the very beginning. The thyroid “an-
lage” develops in the oral portion of the area mesobranchialis, anteriorly to
the second branchial arch. It forms a stalked vesicle. The stalk persists
for some time as an epithelial cord and is obliterated later, while the glandu-
lar part has to move downward and divides into two lobes. If this move-
ment is interrupted at any part of the journey, the thyroid may remain un-
descended below the tongue, or rudimentary thyroid epithelium may be
found somewhere in the brachiogenic tissue complex.

The fifth pouch and parts of the fourth form the so-ealled “‘ultimobran-
chial” bodies, which apparently obliterate in man. Remnants of these
structures are sometimes found within thyroid tissue, but it 1s, at present,
eenerally agreed* that they do not participate in the thyroid formation.
Their epithelium, which forms tubules and is filled with albuminous fluid

* The fate of the ultimobranchial tissue has been the subject of a number of recent
investigations. It seems that the tissue derived from the fifth pouch is of little im-
portance. That derived from the fourth pouch has a different destination in various
animal species and man. In some species it is transformed completely into thyroid-
like tissue and is called the “lateral thyroid.”” In man, most investigators believe,
under normal conditions the “lateral thyroid' is not of consequence. In thyroid
aplasia, however, the tissue may develop a poteney for the formation of thyroid-like
tissue or lateral aberrant thyroid tumors. In animals, J. H. Van Dyke was able to
show that ultimobranchial tissue remnants can be frequently found in the form of
small eysts lined by stratified squamous epithelium. 1 have seen those cysts as de-
seribed by Van Dyke in mongolism and cretinism. (See J. H. Van Dyke for recent
literature.)
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like “colloid,” may produce the appearance of thyroid tissue or cystic goiter.
It may, however, be remembered that all stagnant albuminous fluids in
epithelial tubes or eysts give staining reactions like colloid. We observed
that in the skin of myxedema; they will be demonstrated in the pituitary
and elsewhere.

It 15 in the nature of developmental disorders that the earlier a mal-
formation starts, the more derivatives are involved, and vice versa. In
thyroid aplasia, various branchiogenic derivatives may be found abnormal.
(n the other hand, if there is only one system involved, it 1s suggested that
local factors are responsible and the damage 15 less general.

If the thyroid is missing, the derivatives of the fourth pouch, the ultimo-
branchial bodies, are usually not obliterated and cell nests and cysts are
found at the sides of the trachea which are remnants of those tissues that
have disappeared in normal individuals. These eysts are easily mistaken
for degenerated goiters. Especially during life, many a eretin with myx-
edema seems to have a goiterous thyroid, while those pouches which are
palpable are the ultimobranchial bodies. If eretinism is discovered a few
weeks after birth, one may be almost sure that the palpable tissue is not
goiter. Conversely, a careful examination of these eysts or tumors has
proven that they are not lipomas, as earlier writers thought, but abnormal
branchiogenic remnants. Other anomalies—sublingual thyroid remnants,
displaced thyroid tissue, and accessory thyroids—may be found far away
from their destination. These observations explain the great variety of
clinical pictures and throw light on those cases which do not develop
myxedema or recover in spite of transitory myxedema by developing some
thyroid tissue after birth.

In a large number of cases, displaced thyroid tissue is present. A de-
layed development may oceur even after the first year of life has passed.
On the other hand, it may be accepted that complete lack of thyroid will
lead to myxedema under all conditions, in any country. Lack of myxedema
is no indication of efficient thyroid function, although absence indicates
that some colloid-forming thyroid acini are somewhere present i the body.

The variety of eclinical pictures is due to differences in the remaining
thyroid tissue. Congenital thyroid aplasia is a true malformation, a de-
velopmental disorder of the pharyngeal pouches. Its presence is indicated
by abnormal fetal tissue in the sublingnal-thyrotracheal region. The para-
thyroids are not derived from the same pouches and are usually normal in
thyroid aplasia. The thymus develops independent of the thyroid. Tt is
frequently involved in developmental disorders and found small or aplastie.
The thymus is not able to act as a substitute, and thymus development
usually runs parallel to thyroid development, the former being small in
hypothyroidism and large in hyperplasia.
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Loss of Thyroid

Degeneration of thyroid is not rare and may oceur at any time before or
after birth. In such a case, thyroid differentiation has been normal, but
the thyroid has been destroyed by infectious diseases and has been re-
placed by fibrous tissue.

In these cases the pathologist is not able to find any thyroid at all, and
no malformation is seen. In the absence of malformations, one may as-
sume that thyroid differentiation had been normal at some time of de-
velopment, but the gland had been destroyed by extrinsie factors.

Cases of this type have been reported by several investigators from the
very beginning of the discovery of sporadic cretinism. There is little to
say about it, except that complete absence can only be proven when the
trachea is examined in serial seetions from the bottom of the tongue down
to the sternal notch.

Goiterous Degeneration or Endemic Crelinism

It should be understood from the very beginning that endemic cretinism
is not due to thyroid hyperplasia or “goiter,” but to the abnormal degen-
eration of a hypertrophic thyroid if present or to the simple absence of it.
In countries or areas where the iodine supply is far below normal, the
thyroid reacts with a compensatory hypertrophy. This is an attempt to
compensate for lack of quality by quantity. The average size of the nor-
mal thyroid inereases with the distance from sea level, and when Oswald
gives an average thyroid weight of 60-95 Gm. for Switzerland instead of the
20-25 Gm. seen in goiter-free countries, then general thyroid hyperplasia
is well indicated. The patterns of pathological degeneration of hyper-
plastic thyroids, eystie degeneration, parenchymatous degeneration, malig-
nant degeneration, and vascular goiters are only a part of the pathology of
eretinism, if they develop in infancy. [If such a degeneration takes place
beyond the age of puberty, no eretinism will develop, although myxedema
may occur in rare instances,

W. Scholz, in 1906, reported the observation: “It 1s strange that es-
pecially in those individuals who present the highest degree of cretinoid
degeneration, there i1s no goiter present.” This extraordinary fact was
also noted by other investigators. Roesch writes: “Not all eretins have a
goiter and the cretins of most marked degree who present a full fledged
picture are not carriers of goiter. It is rare that they have goiter at all.”
Another important observation was reported by Allara: “The full fledged
cretin rarely has goiter, but eretinoid people always have. With the en-
trance of puberty, goiter hecomes conspicuous, but the true eretin does not
enter puberty at all.”  According to Cerise, the degree of cretinism is in
reversed proportion to the size of the thyroid, and Wagner V. Jauregg noted:
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“The strange fact is that the cretins without goiter are the real ones; they
present the typieal triad of dwarfism, mental deficieney, and skin manifes-
tations’ {.m}'xﬂdf‘nm}, There 12 no need to go into further details or to
enter into a diseussion of all arguments which have been presented by
various authors.  In view of our present knowledge, most of the objections
are now outdated. They were due to a basic misunderstanding of the
essential manifestations of athyroudism. When a seientist of the rank of
Bircher considered premature synostosis as a charaeteristic sign of eretin-
1sm (an idea first expressed by Virchow) and exeluded eases with persistent
cartilage disks from the diagnosis, then it is elear that many of his cases
would be excluded from the diagnosis today, while the lack of ossification
of the ecartilages is one of the most reliable signs of hypothyroidism.

And yet Bircher’s argument against the relationship between thyroid
disease and endemie eretinism turns out to be a most helpful, unintended
support. On the basis of a study of numerous eretin thyroids, Bircher
concludes that the struma (goiter) in eretinism is found not in early child-
hood but, if it appears, at the time of puberty. “The development of a
goiter can, therefore, not be responsible for eretinism which becomes mani-
fest in infants of three to four vears.”

With the testimony of so many independent observers at hand, it is evi-
dent that the problem of endemie eretinism starts with the deficiencey of the
cretin thyroid and is, therefore, identical with the general problem of
cretinism or hypothyroidism. Many an endemie cretin is a thyroid aplastie
individual and would be considered a sporadie eretin outside of his natural
surroundings. In the majority, however, a marked difference exists in the
fact that myxedema is absent and that thyroid degeneration, though present
i infaney, does not necessarily develop immediately after birth. In con-
trast to the alpine goiter, the eretin thyroid is characterized not by the
presence of colloid eysts, but by their absence. The degree of cretinoid
degeneration is in proportion to the disappearance of normal thyroid tissue.
Presence of some normal vesieles is not sufficient to compensate for the in-
adequaey of the eretin thyroid as such. From the viewpoint of pathology,
it 1s not the normal thyroid remnants which deserve interest, but the ah-
normal degeneration of the other parts.

The histology of the thyroid in eretinism is characterized by degeneration
of the parenchyma, proliferation of the connective tissue stroma, degener-
ation and insufficieney of the blood supply, and a deficieney in or complete
lack of colloid. It should be emphasized that the eretin struma is usually
free of colloid and that only in a small percentage of cases is colloid to he
found at all; if present, it is rather brittle and not liquid. As Wydler
emphasized, if colloid is present it is sparse and indicates a previous state
of functional activity rather than adequate function at the present.
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Marine and Leonard describe the changes as follows:

The colloid is practically absent. The epithelial cells have lost their regular and
columnar type and are irregular in size and shape. The nuclei are in general large,
often hyperchromatic, and irregular in size and outline. Nuclear figures are still
observed but the new formation of cells is not sufficient to offset the cell death and the
follicles become smaller from the death of their secreting cells.

Although the amount of cell death, degeneration, and fibrosis may vary
from case to ease, the common denominator of all funetional inadequacies
is the loss of the ability of the follicles to form and store colloid.

The clinical and anatomieal features of endemie eretinism are manifold
on account of the variety of compensatory thyroid hypertrophy. The
normal tissue remnants not only retard and alleviate the development of
eretinism, but their pathological activity may introduce a new element into
the picture. Hypertrophy of epithelium and formation of papillary pro-
crusions may lead to toxicity, which makes the complete removal of the
thyroid preferable to leaving an inadequate or toxic thyroid in the body.

The Pituitary Body

NOBRMAL ANATOMY

(linical and pathologic evidence presented in this book indicated con-
genital acromicria as the essential pathology of mongolism, the opposite of
acromegaly. Since the pathology of the latter condition is firmly estab-
lished as a hyperpituitarism associated with an adenoma of a certain type
of pituitary cells, the pathology of the pituitary in mongolism is of special
interest. When a study of this condition revealed an inerease of eosino-
philic cells in a large number of cases (Benda, 1939), such an observation
seemed hardly compatible with what had been known and taught in the
last decades. If the cells of acromegaly are eosinophilie cells and therefore
the producer of growth hormones, how ean it be possible that such a definite
growth deficiency as mongolism is associated with an inerease of the same
type of cells? A study of other types of dwarfism, however, microcephaly
and even cretinism reveals that in these conditions an increase in eosino-
philie eells may also be found in spite of evidence that the growth funetion
is strikingly at fault. How ean these observations be reconciled with each
other? Indeed, many observations indicate that a revision of our present
concepts of the interrelationship of the various cell types and their hor-
monal function is necessary. Although numerous publications have dealt
with the eytology of the human pituitary, the majority of studies is solely
based on observations on adult glands. Moreover, anatomy and pa-
thology have not kept pace with the great advances in hormonal physiology
and the present day concept of the relationship between function and struc-
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ture of the pituitary seems out of date. It is beyond the scope of this book
to give a detailed deseription of the eytology of the anterior lobe in infancy
and childhood. The following summary of my observations is based on a
study of more than 200 control cases of normal persons of all ages and of
other growth disorders.

Most anatomists and pathologists attribute three types of eells to the
anterior pituitary body. The differentiation is based upon the staining
reaction of the eytoplasm to various stains. The main division is that of
chromophobes and chromophils, the latter having a great athnity to acid
and basie stains while the eytoplasm of the former remains unstained.
Chromophils are divided into “eosinophils” or “acidophils,” which stain
pink with eosin or acid fuchsin, and “basophils,” which stain rust-brown
with hematoxylin and blue with aniline blue. The chemical deseription,
“acidophilie” and “*basophilie,” however, does not hold because the aniline
blue of the Mallory trichrome stain, which stains the “basophils™ blue, is
an acid stain. Terms like “alpha cells” for the acidophils and “beta cells”
for the other chromophilic type, which reacts to hematoxylin and aniline
blue, seem well fitted.  While several investigators thought and still main-
tain (Collin) that both cell types are different stages of the same secretory
cycle, several faets indicate that hoth eell types should be considered sepa-
rate entities. This view is based on the fact that tumors may be composed
entirely of one cell type (alpha or beta cells) and that no other “stages”
can be detected in such a gland. [If both cells were different stages of a
secretory eyele, one should expect to find them in a highly active adenoma
at the same time. A. E. Severinghaus has demonstrated a different Golgi
apparatus in alpha and beta cells that he considers a significant differ-
ence in type. A third argument, in favor of separate secretory eycles rarely
mentioned, is the observation that alpha and beta cells have definite areas
of distribution in many animals and also in man. Although in man the
distribution may sometimes be confused, the main patterns are definite,
at least in childhood. The alpha cells occupy mainly both lateral fields
in a kidnev-shaped distribution, with the hilus of each side facing the other.
The chromophobes and beta cells oceupy a triangular field in the middle.
With an inerease in number, the alpha cells tend to penetrate toward the
cleft and embrace the middle field from the periphery. The area between
the two connective tissue sectors remains chromophobic and basophilie in
the majority of eases, with the exception of complete acidophily.

The chromophobes, the third cell type, are considered precursors of the
chromophils by most writers. They are also called “chief cells,” or “mother
cells,” although this term seems little suited if the cell is immature and in-
fantile. The assumption that the chromophobes have no secretory fune-
tion is based on the observation that chromophobic tumors may be present
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and attain considerable size without any hormonal effect. A study of
such tumors; however, indicates that these tumors are composed of cells
which are by no means identical with the chromophobie eells so dominant
in infaney and childhood. It is necessary to make a clearer distinetion
between the various types of chromophobes. The elassical deseription
of the cell type is a small eell with an outstanding nueleus and no eytoplasm
visible. If the pituitary is not properly fixed and preserved in formalin
only, there appear, indeed, numerous nuelei beside the chromophils, which
show no further specification. If, however, the fixation is sucecessful, the
chromophobes are by no means without differentiation and several types
have to be considered. After birth and in the first three years of life, the
anterior lobe is mainly composed of smaller secretory epithelial cells, which
have a elear eytoplasm brim around the nucleus. The cells are densely piled
in small compartments, but frequently in a tubular arrangement with a
lumen in the center recognizable. Although the eell borders are some-
times indistinet and the arrangement suggests a cell syneytium, in well
preserved cases individual borderlines are distinet. The cytoplasm stains
grayish-blue by the Masson and Mallory stains and pinkish in H & E. The
eytoplasm is sometimes loaded with mitochondria and in the H & K the
cells appear eosinophilic.  In the Masson stain, however, the blue of the
evtoplasm may prevail. Many infant glands are entirely composed of
these chromophobes, for which I am using the term “gamma cells.” Inter-
spersed are always a few alpha cells. The number of these may be below
10 for a whole horizontal section. In other cases, the eosinophils are much
more numerous, but their number rarely surpasses 50 per cent. With in-
ereasing age, the eosinophils inerease, but gamma cells remain predominant
in the first decade of life. Only after puberty is a decrease in gamma cells
conspicuous and they may entively disappear. Beta cells are not numerous
in the infants’ pituitary and they are smaller and less deeply stained than in
adults. There seems to be a sex difference.  Males have a small percentage
of beta cells (5-10 per cent) in the majority of cases, while female glands
may be found almost entirely without beta cells. At other times, a female
gland has a fairly large percentage of beta cells (20-30 per cent). On ac-
count of observations which will be discussed later, it is suggested that the
inconstant presence of beta eells depends upon the ovarial evele which is
established early in childhood many years before menarche.

The predominance of chromophobie cells of the gamma cell type during
infaney and childhood, the period of most intensive growth, makes it highly
improbable that these cells have no seeretory funetion, and that produetion
of growth hormones depends upon the small and ineonsistent number of
alpha cells present during that period. The gamma cells have all properties
of a secretory eell, a varying size of eytoplasm and content of mitochondria.
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The fluid in the tubules has a faintly blue staining reaction which becomes
dark blue when inspissated. Droplets of the same color may be found in
the blood spaces. There is no evidence that these secretory gamma cells
ever go through all stages of a cell eyele: chromophobic—acidophilic
basophilic. The majority of the cells show a fast twrnover which does not
permit accumulation and storage of granules.

Within the chromophobic cell tubules and compartments, a certain
number of cells have a larger eytoplasm and stain brilliantly pink or red,
the alpha cells. Of course, each of these cells has also a juvenile stage
when it is small and contains few red granules. Then the cell is similar
to a gamma cell. The majority of alpha cells, however, appear tightly
packed with eosinophilic granules and show few transitions. These cells
apparently produee another fraction of the pituitary secretion which they
either add to the ineretion as a new element or they just store and inspissate
the hormones, produced by the gamma cells. Every secretory cell pos-
sesses apparently the property of storage and a certain number of cells has
the function of meeting emergencies and guaranteeing an even metabolic
level. The storage cells have a slower rhythm of exchange. In a normal
gland, all types are present, but the composition undergoes great variations
due to requirements of the endoerine milien. If seeretory aectivity is
slowed down, the storage function of the majority of eells becomes con-
spicuous. If demands are increased, stores are reduced. This gives a
great reserve power to the pituitary.

The second type of chromophils, the beta or hasophilic cells, appear
entirely independent from the alpha cells. There are no transitions be-
tween alpha and beta eells, although oceasionally, a beta cell may be filled
with red mitochondria and has a purple appearance. As pointed out
before, beta cells appear usually among the chromophobes of the medial
triangle and on higher levels near the eleft. They are arranged oecasion-
ally in tubules and are most frequently inside the two hilus or connective
tissue sheaths which carry large vessels into and out of the glandular part.
The basophils appear to have a similar relation to some of the secretory
gamma cells as the alpha cells. The beta cells appear as enlarged and
heavier stained storage cells which aceumulate some of the incretion of such
smaller secretory cells which have a bluish-gray eytoplasm. There are
many transitions between juvenile beta cells and large mature cells.  The
“basophilic’” seeretion has a higher pH than the acidophiliec fluid. The
particular function of the beta cells is to store certain agents which are
connected with gonadotropie activity. It is possible that the beta cells
absorb the ineretion of gamma cells and concentrate and modify its proper-
ties by means of specific activity. The fact that stagnation in the pituitary
eirculation and activity causes a shift toward basophily indicates that the
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basophilic content of the beta cells is probably not the product of a com-
pletely independent cell activity, but that the beta cells modify and store
certain agents of the ineretion to maintain the balance of gonadotropie
hormones.

The pool of chromophobes is further increased by a number of degener-
ating cells of which only nuclei are left and which appear like other gamma
cells when fixation and staining are not adequate. There are also some-
times large chromophobes with a great amount of cytoplasm which stains
gray or faintly blue. It iz evident that these “large chromophobes™ which
will be called “delta cells” are of different functional significance than the
small chromophobes and should not be counted as “chromophobes” only,
without further specification.

A TeHEORY OF THE RELATIONSHIP BETWEEN Prrurrary FuNcrioN AND
ITes GLANDULAR ANATOMY

1. While some glandular tissue of the organism (stomach, pancreas
liver, thyroid) has a number of functional assignments which are uni-
formly maintained throughout life in each period of the life span, the pitui-
tary has a variety of assignments which change with age and cyele.

2. With a limited number of secretory eell types in the pituitary which
remain the same with certain variations throughout life, it is not probable
that the production of each pituitary hormone requires a separate cellular
unit. It is rather suggested that the various hormonal requirements are
met by the combined action of a limited group of cells with one complex
incretion with several inherent tropic actions which are activated and
utilized by the varying responsiveness of the customer glands and organs.

3. Although a “hormone” may be isolated as a speecific action upon other
systems and even as a chemical compound, it should be remembered that
hormones, like vitamins, have no independent biological existence. A hor-
mone is the result of an analysis, which separates this specific property
either by destroying it through acid or alkalie distillation and the existence
of that hormone is demonstrated by the appearing deficiency after its
elimination. Or a hormone is demonstrated by destroying all other facul-
ties in a compound and isolating one specific action which is left. In both
ways, a hormone is deprived of its natural existence. As a part of an in-
cretion, a hormone represents certain faculties of that secretory activity
which appear in contact with other cells or organ systems. Whenever
such a contact is established an organ will be activated aceording to its own
needs, while other potentialities are suppressed.

4. The relationship between the pituitary as the “master gland™ and the
other endoerine glands, especially thyroid, adrenals and gonads is, there-
fore, not a one way traffic, but a closed cireulation which depends as much
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on the returns from other glands as on the primary production.  Even with
only one incretion the influence upon the ovary, for instance, would be
different whether the ovary is in its follicular or luteal phase.

5. It is, however, evident that the incretion of other endocrine glands,
like thyroid or gonads, influences the pituitary incretion itself. The pres-
ence of estrogenie substances during the follicular phase in the circulating
blood supports the formation of hormonal agents which support in return
follicular growth and prevent formation of lutemnizing agents while after
ovulation, in the luteal phase, the formation of luteinizing agents is possible
which maintain a strong corpus luteum phase, while the follicular activity
15 held back. This is only one example of the delicate interaction which
constantly takes place hetween pituitary and all other organ systems.

6. Cytology of the pituitary anterior lobe indicates that the secretory
activity is shared by three cell types, the gamma cells, alpha, and beta eells.
Seeretory potency depends upon the presence of all three types which con-
tribute to the pituitary incretion in unison. Whether the three cell types
produce a precursor which is activated by confluence of the fractions or the
chromophils reabsorb some of the ineretion and modify its content by
speeific action in order to release it again to the circulation, as seems indi-
cated by certain observations, is a question of secondary importance.
The main fact is that the demand on pituitary ineretion is met by a number
of secretory cells and that there is a constant storage of products available
which gives the pituitary a great reserve power to meet emergencies and
maintain an even metabolie level. It is indieated that the faculty of form-
mg and storing alpha granules and beta granules 1s specified among differ-
ent cell types, but of the thousands of cells available, only a restricted
number take over this function while if not needed, the cells remain in a
state of reserve. In this way the pituitary composition can change within
minutes to hours after mating, ovulation, exhaustion, excitement, ete.

7. Although cell counts and determination of the percentage of certain
cell groups are of great interest and have thrown some light on the faculty
of the gland to change the cell composition quickly under experimental
conditions, the counts are of little value for elinical pathology as long as all
cell types are present at all.

8. The conclusions presented here are drawn from observations on “‘nor-
mal”’ glands and from those with definite pathological alterations. Under
pathological conditions, certain activities of the pituitary are either em-
phasized or suppressed and observations provide, therefore, insight into
certain aspects of the activity which are otherwise not available.

9. The patterns of pathology ean be divided in the following groups:

a) Tumor formation.

b) Destruction due to sclerosis, thrombosis, tuberculosis, or gummi.
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¢) Abnormal shifts in cell distribution and appearance of pathological

cell types.

10. Tumor formation: a) The most frequent tumor in the pituitary body
is a chromophobie adenoma. These tumors, which may attain a consider-
able size and produce deficiency symptoms due to compression and replace-
ment, are composed of small epithelial cells of no secretory activity. The
cell type is not identical with the gamma cell, the secretory chromophobe of
mfaney and childhood.

bh) The tumor which has attracted greatest interest is the so-called
eosinophilic adenoma whose presence is associated with the elinical syn-
drome of acromegaly. In long lasting instances of acromegaly, the tumor
may be completely eosinophilic and this observation has given rise to the
theory that the eosinophils produce the growth hormones. At the same
time, observations on the presence of “‘chromophobie’ tumors which were
also found in acromegaly have been neglected. Since more operative ma-
terial is available, the number of “chromophobic” tumors has increased.
A eytological analysis of these tumors shows that the chromophobes are
not identical with the chromophobie tumors of the type deseribed above,
but that the cells are identieal with the gamma cells of infaney. The cells
are also identical with those “chromophobes™ or “chief cells” which appear
in pregnancy and are called “pregnancy cells.”  The cells are highly active
chromophobes with abundant mitochondria. Such a relationship between
the eosinophilic resting or stagnant tumors of acromegaly and the fast
growing tumors of chromophobie appearance has been suspeeted by Carl
Benda as early as 1902, when he pointed out that during the time of great
activity the cells appear small and chromophobie, while the chronie stages
are characterized by heavy eosinophilie staining reaction. He wrote: “If
there is an increased degree of malignity, the formation of granules in the
cells is missing and the tumor eells retain the characteristics of ehromophobic
cells.” It is, therefore, suggested that the adenomas of acromegaly are
not composed of normal alpha or eosinophilie cells but of the smaller variety
which is present in infaney and during pregnancy in which periods the
requirements for growth hormones are greatly inereased. By recognizing
the cell type of acromegaly as a relative of the pregnancy cell and the
gamma cell of infaney, the growth promotion of these cells is well in line
with other established facts. Acromegaly oecurs most frequently between
the ages of 20 and 30, when the gamma cells of childhood become less con-
spicuous and should disappear from the picture. It develops frequently in
connection with pregnancy where slight acromegalic symptoms are not rare
but disappear with the end of pregnancy. On the other hand, it is not
surprising to see that eosinophilic cells may be present in all types of
dwarfism and are conspicuous in mongolism. FEosinophilic cells indieate
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inereased storage and stagnation of the ineretion, due to cessation of active
growth or at least a slowing down of metabolic activity. An eosinophilic
shift ean be observed under many conditions and is correlated to thyroid
and gonadal dysfunction but oceurs independent from growth.

¢) Basophilie tumors oceur rarely during the prime of life but are not rare
after menopause.  If they oecur in younger persons, pathology of gonadal
function can be expected.  The fact that eastration and menopause as well
as the lutein phase of the cyele are assoeiated with inerease of basophils
which become larger and heavier stained indieates that their appearance is
linked with the ovarial eyele. Tumors of that type are likely to maintain
a pathologic metabolism as seen in sterility and hypertension.

11. Destruction of the pituitary by traumatic injury, infarction with
necrosis or infection leads to panhypopituitarism with “hypophyseal
cachexia,” or Simmond’s disease.  If it 1s brought about by slower growing
processes like tumors, tuberculosis or gummi, the result may be selerosis of
all blood glands and myxedema.

12, Of greatest interest are the cell shifts in the composition of the
anterior lobe produced either by pregnancy or by pathological conditions
like thyroid disease and eastration. The changes in pregnancy are well
studied. The pituitary is enlarged and a great increase in small, well out-
lined secretory cells is observable. The number of eosinophils decreases
gradually in favor of the *pregnancy cells,” which are equal in number to
the beta cells as early as in the second month of gestation and supersede
the number of all other types at term. The classification of these cells
has been the subject of many arguments. The cell 1s larger than the classi-
cal chief cell and contains a greater amount of fine eosinophilic granules
than usually seen in those cells. On the other hand, the cell is smaller
than the ordinary eosinophilic cell and has less and more delicate eosino-
philic granules. In the Mallory stain the eytoplasm has a gray-blue color
with fine granules. With Heidenhain’s iron hematoxylin, the eytoplasm
is less dark than that of the eosinophils, but more granulated than the
average chief cell. There can be no doubt that the “pregnancy cell” is not
a separate cell type, indicative only of pregnancy, but is a seeretory cell of
great activity. The formation of large mature alpha cells is prevented by
the accelerated metabolic turnover. In contrast to the slower secretory
activity of the pituitary of adults and the insignificant production of growth
hormones, the requirements during pregnancy are greatly increased and
the cells return to a state usually seen only in childhood or under pathologic
conditions in acromegaly. The cells demonstrate the thesis that the secre-
tory eyele of gamma cells does not always lead through all stages of chromo-
philic maturation and that when production slows down, deceleration of
activity leads to accumulation of chromophilic granules and therefore to
increase in alpha and beta cells.
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13. Although under experimental conditions, castration, thyroidectomy,
cell shifts in the pituitary have frequently been observed, these observa-
tions have not yet been fully incorporated into human pathology. When
I deseribed the changes seen in the pituitary of mongoloids in 1939, I quoted
some of the experimental evidence available at that time which suggested
that the acidophily is not an indication of increased cellular activity, but is
the result of hypothyroidism and hypogonadism. Reecently John 15, Kraus
has eollected more material with regard to those cell shifts under patho-
logical conditions and has deseribed these changes as “hyperplastic disease™
of the adenohypophysis. By the term “hypophysial hyperplasia™ is
meant

a diffuse proliferation of the glandular elements with or without cell enlargement.
The disease may involve either one or more cell types, thus leading to enlargement
of the organ or the hyperplasia of one cell type may take place at the expense of the
other cell types, in which case the hyperplasia need not result in an enlargement of
the organ.

Such cell shifts are seen, for instance, in castration. Although the results
of castration vary somewhat with the species under observation, one may
well adopt Severinghaus’ summary :

The most constant and striking feature in the hypophysis of all castrates is the
marked increase in the size and number of large granular basophiles. . . . Acidophiles
regress toward the chromophobie state, certainly an indieation of redueced secretory
activity. Basophils, although they enlarge and increase their granula content, ap-
pear to do 80 more because of a failure to release their secretory stores than because
of a greatly increased rate of secretion. Kraus points out: ““The histologieal pic-
ture of the hypophysis in castrated animals is not quite uniform, but the increase in
eosinophilic cells is common to almost all mammals.””  Tandlerand Grosswere the first
investigators to examine the hypophysis in eunuchs as well as in castrated women.
The examination was performed partially by x-rays, partially by autopsy. The cas-
tration in women is followed, as in experimental animals, by enlargement of the hypo-
physis with multiplication and heterotopy of the eosinophilic cells and with a de-
crease in the number of the basophilic eells. In some cases, the castration effect of
the hypophysis develops in a very short time, whereas in other cases these changes
are not found despite the lapse of many years after castration. Castration by x-rays
likewise produces, as far as one can tell from the scanty evidence, an increase of
eosinophilic cells. There are known only a few ecases of congenital absence of the
ovaries in which the hypophysis was examined and also in these few cases the in-
crease of eosinophilic cells was demonstrable.

Although some writers put more emphasis on the alpha cell increase,
some on the regressive changes of beta cells, all agree as to the reduction of
chromophobes and signs of deereased secretory activity.

14. Although the observations in man and in animals after castration
are not entirely consistent, my own observations lend support to the con-
clusion that gonadotropic activity of the pituitary is related to the alpha
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and beta cells, the latter being associated with the luteinizing effect. Ab-
sence of acidophilic elements is reflected in absence of spermatogenesis and
follicle formation; absence of the basophilic elements is reflected in pa-
thology of interstitial cells or corpora lutea and viee versa.

15. Thyroidectomy and hypcthyroidism have an effeet on the basophils
similar to that of hypogonadism. The basophils show vacuolization and
resemble *‘castration cells”; other basophils regress to large chromophobic
cells, “delta cells.” Severinghaus concludes:

(1) The acidophiles decrease after thyroidectomy and increase with hyperthyroidism,
thus having a consistent relationship to the thyroid. (2) Basophiles react somewhat
similarly to both extremes of thyroid pathology, indicating that they may be in-
directly influenced by other modifying factors. Among these factors, changes in
the gonads econceivably play some rdle.

The statement with regard to an inerease of acidophils in hyperthyroid-
ism has to be slightly modified. This observation has been made after
experimental feeding with thyroid, It is known that thyroid therapy re-
places thyroid action and leads to colloid stasis in the thyroid. It is there-
fore suggested, that colloid accumulation rather than hyperthyroidism
produces increase in alpha cells. In Graves’ disease, the alpha cells are
decreased.

16. The accumulated facts indicate clearly that there is not such a simple
relationship between acidophilie cells and growth promotion as one would
expect from a study of most textbooks. After an analysis of the available
observations one will hardly be surprised to find that observations on
mongoloid patients fall in line with those made in animal experiments and
in widely scattered instances of pituitary pathology.

OpsERVATIONS IN MoNGoLisMm

The observations on 46 cases of mongolism indicate distinetly pathology
of the anterior pituitary lobe. The pathology reveals two patterns:
1. Deficieney of the gamma cell system and general inability of formation
of chromophilic elements.
2. Chromophilic shift toward eosinophily with absence or deficiency of
gamma cells and pathology of beta cells.
Both types reveal a deficiency of gamma cells or those chromophol:es which
are of a secretory type and dominate in normal eases during infaney and
childhood. These eells are missing and instead a small chromophobie cell
with little eytoplasm and pyknotie nuecleus 1s present. In addition, chro-
mophilic elements are almost absent in the first group. The glands lack
tke ability to form seeretory granules which are an important indieation of
functional activity. It is worth mentioning that the funectional inde-
pendency of alpha and beta cells is emphasized by the observation that
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of the 18 cases of this group (8 males and 10 females), in two females some
alpha eells were present and in 4 males and 4 females, some beta cells were
present but no alpha cells.

In the second group a conspicuous shift toward eosinophily was observed
with all other cell elements absent or negligible in number (Figs. 51 and 52).
In these cases the absence of gamma cells was as remarkable as the altera-
tions found in the beta cell system. The beta cells showed either regression
toward a large, stainless chromophobic cell (delta eell, Fig. 53), or were
unusually heavily stained and enlarged, revealing vacuolation. This type
of beta cell is known as “castration cell” (Fig. 54). Twenty-five cases or
54 per cent of the material showed this type of pathology.

C
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Fia. 50. Photograph of pituitary of a 10 yr. old mongoloid girl. Horizental sec-
tion: (A) anterior lobe; (C) eolloid aceumulation in Rathke pouch; (P) posterior
lobe. Note compression of anterior lobe microscopically composed of eosinophilie
cells.

In three instances no outstanding alterations could be observed. These
three cases showed a fairly normal distribution of the three cell types.
The first ease is that of a retarded baby who was treated with thyroid and
antuitrin and whose diagnosis of mongolism was still not beyond doubt
at the time of death. At autopsy thyroid and adrenals were found normal
in addition to the pituitary. The next case is that of a mongoloid Negro
who was much better developed than most mongoloids and whose thyroid,
liver and adrenals were found without changes. The third case was a
borderline ecase with an 1.0Q). of 56.
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The patterns of pathology of the pituitary in mongolism suggest a chronice
pituitary deficieney. In this chronic panhypopituitarism all endoerine
glands show the effect of this deficieney. It goes without saving that
gonads and adrenal cortex are hypoplastic. It is interesting that the
thyroid of these cases shows a high degree of deficiency and pictures similar
to eretinistic degeneration are observed. It is, however, extremely rare,
that full degeneration and myxedema oceur. i

The observations in mongolism indicate that group 1, the chromophobic
regression with or without delta cells, reflects the hypothyroid-hypogonadal
tyvpe, and group 2, the shift toward acidophily with or without castration
cells, i influenced by the colloid stasis of the thyroid.  Although the rela-
tionship between colloid goiter and acidophily is not 100 per cent, of 35
ases with eolloid goiter, 26 showed increased eosinophily. On the other
hand, of the colloid-free thyroid cases, only one showed this shift toward
eosinophily of the pituitary, and it is quite possible that some parts of the
thyroid contained unrecognized amounts of colloid.

The eosinophilic shift which was observed in 25 cases came originally
as a surprise.  An analysis of the facts at hand reveals, however, that this
tyvpe of “hypophyseal hypertrophie disease” (Kraus) fits well into observa-
tions gained recently by experimental means and clinical observations.
The eosinophilie shift is apparently a symptom of thyroid and gonadal
dysfunction and assoeciated with colloid stasis in thyroid and pituitary.
Not only has this eosinophilie shift been observed in other cases of dwarfism,
but 1t is worth noticing that the only eontrol cases which showed similar
alterations in the liver as seen in mongolism showed also extreme colloid
accumulation in the eleft and tubules. This stasis has also been observed
i some cases of eretinism. We are, therefore, entitled to conclude, that
eosinophily as such is not a sign of inereased growth hormone production
but a sign of seeretory stagnation. In this group of mongoloid patients,
the deficiency 1= not a panhypopituitarism, but a deficiency of growth ac-
tion. The faet that eosinophils and basophils may be present independent
from the other type and also without full development of the gamma cells
provides further evidence that each of these 3 cell types adds certain agents
to the general pituitary secretion. Under pathological conditions this
unison of action is split.  Normal function requires a delicate coordination
of all eell systems not only within the anterior pituitary body but within
the whole endocrine milieu.

<mphasis has been placed upon the seeretory pathology of the anterior
pituitary lobe, hecause observations indicate the importance of a dysfune-
tion of this system. This, however, does not mean that the posterior lobe
is completely normal and the nervous regulation is without importance.
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Fre. 51. (Upper left) Pituitary of a 5 mos. old mongoloid male (37/6). Note
complete eosinophilie shift with absence of chromophobes. (A) alpha cells or acido-
philes, (B) blood in enlarged spaces.

Fic. 52. (Upper right) Fosinophilic shift in a 7 mos. old female baby (37/1).
(A) alpha cells or acidophiles, (B) blood. Note absence of chromophobes.

Fre. 53. (Lower left) Pituitary of a 12 yr. old mongoloid female (37/10). XNote
large chromophobes, “delta cells™ also described as struma ecells (Romeis), thyro-
prival cells (Kraus). Cytoplasm grayish-blue, dust-like.

Fig. 54. (Lower right) Pituitary of a 20 yr. old mongoloid male. Heavy baso-
philes with vacuolation, “castration cells.”
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Underdevelopment of the posterior lobe has been seen in several cases.
As a whole, the nervous elements are poorly developed. Some authors
have suggested brain pathology in the hypothalamic region as a possible
explanation. Although the brain in mongolism is abmormal and the hypo-
thalamie region is undoubtedly involved, the explanation seems not correet.
In cretinism the same changes in the brain are present from birth on.  And
vet the pituitary of the cretin does not show the pathology seen in mongo-
lism, with the exception of the colloid storage and the “struma cells.” If
the pituitary changes in mongolism were due to brain pathology, one would
expect the same alterations in congenital eretinism. This idea is further
horne out by the fact that several other types of mental deficiency show
more profuse brain pathology than mongolism, and vet the same type of
growth disorder does not develop.

The question of an endoerine function of the central nervous system is
still a matter of speeulation but, even without pestulating such a funetion,
the nervous system cannot be omitted from the endoerine milieu. The
significance of the role of psychosomatic interaction is beyond doubt. The
importance of psyehie factors in Graves disease, for instance, 15 generally
accepted. The interpersonal interaction, transmitted through sensory
stimuli and integrated into emotions provides a permanent stimulation of
the organism which 1s constantly foreed to take part in its relationship
with the surroundings. Emotions are the tides of the organism which
bring about a permanent speeding up and slowing down of all physiological
functions. A mentally deficient child who lives the vegetative existence
of a creature without interpersonal interaction remains infantile in its
whole system. The mongoloid, however, reveals much greater emotions
than most of its unfortunate companions with whom he may share the same
mental age. The relative awareness of mongoloids and their emotional
responsiveness indicate further that in this condition the primary disorder
is not the nervous system but a specific glandular deficieney.

(ONCLUSIONS

A study of the pituitary body in mongolism reveals pathology which
indicates that this eondition is associated with abnormal pituitary funetion.
In contrast to cretinism in which the pituitary tends to be enlarged, the
pituitary in mongolism is hypoplastic. Abnormally low seeretory activity
is indicated by (1) inability to produce secretory eells and granules and
(2) by abnormal granule storage (stagnation) and disappearance of signs of
secretory activity.

In the first group, there is evidence of hypopituitarism with absence of
these granule types which we have seen to be connected with all secretory
activity. The gland fails to produce and store potent agents. In the
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second group, the secretory elements arve filled with one type of granule (al-
pha granules) while the beta ecells regress to castration cells or delta cells
(large chromophobes). The secretory chief cells (gamma cells) are under-
developed.

The endocrine disorder in mongolism is a specific metabolic disorder.
Mongolism is the congenital type of hypopituitarism. In the acquired
type which develops in childhood and results in dwarfism, the general
effect on the body organs, especially the brain, is less conspicuous. The
relationship between the mongoloid child and the pituitary dwarf is the
same as that between the congenital thyroid aplastic eretin and the myx-
edematous child. The effect of congenital hypopituitarism is so devas-
tating, because pituitary activity precedes the function of all other endo-
erine glands which never enter into action on a proper level.

TaE Prrurrary iy CRETINISM

Alterations in the pituitary in cretinism and experimental thyroidectomy
were observed as early as 1888 by N. Rogowitsch. Destruction of the
hypophysis in eretinism was observed by Ponfick in 1899. A similar ob-
servation was reported recently by Means, who mentions that in one of his
rases, i which an autopsy was made, the pituitary was found completely
destroyved by what seems to have been a eyst. Such extreme degrees of
destruction are the end result of regressive changes which are due to an
edematous infiltration and formation of smaller cysts filled with a colloid-
like fluid. In experimental thyroideetomy and in most cases of eretinism,
one finds an enlarged pituitary body, which appears “hypertrophie.”
Some writers have spoken of a “compensatory hypertrophy” on account
of the increased weight (1.3-2.0 Gm.). The histologic picture shows an
edematous gland in which the cell strands are separated and the spaces
greatly enlarged. C'ysts may be found, or adenoma. A new case of that
type may be briefly reported:

Case 43/112. Female, eretin, congenital thyroid aplasia. Age 47 vears. Pitui-
tary measured 20 mm. in width and 12 mm. in sagittal diameter. It weighed 1.5 Gm.

The measurements indicate the considerable enlargement of almost 100 per eent,
the normal width being 10 to 12 mm. Normal sagittal diameter ranges from 6 to 9
mm., weight from 0.6 Gm. to 1.0 Gm.

Microscopic examination revealed a very peculiar picture. There was one small,
round adenoma, measuring 1 mm. in diameter, composed of acidophilic cells of rather
juvenile character. The cells were arranged in eolumns with their length axis in a
right angle to the lumen of small tubules with definite eosinophilie granule. This was
an “eosinophilic adenoma.” A second adenoma was near the posterior-lateral edge
of the anterior lobe, measuring 2 mm. in diameter. This was composed of embryonie
chromophobic epithelium cells, resembling those near the Rathke pouch. This
adenoma had a cyst filled with brittle, albuminous material exactly like the colloid
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Fi1G. 55. (Upper left) Hypertrophie basophiles in an 8 yr. old mongoloid male
(38/25). Basophiliec acini formation.

Fig. 56. (Upper right) Pituitary of a 30 yr. old mongoloid male. Complete
ensinophily ; irregular eell proliferation.

Fic. 57. (Lower left) Pituitary in cretinism. Rathke eleft filled with brittle
colloid (C); at the right side of the picture: the anterior lobe composed of small de-
generated ehromophobes. The black lines indicate connective tissue strands.

F1c. 58. (Lower right) Pituitary in cretinism. FEosinophilie tumor with eolloid
cyst in anterior lobe ; marked edema.

A few cellz in the anterior lobe were acidophils. True basophils were present,
but the majority of cells were of the large chromophobie type (delta cells), deseribed
as ‘““struma cells” (Romeis), “myxedema cells” (Schilder), or ‘““castration cells”
(various authors).
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of the thyroid. A third adenoma, also of embryonic cells, was in the middle of the
gland. The Rathke cleft was tightly filled with *‘colloid’* and was enlarged.

A pathologist examining this gland without knowing the history or on
being told that this was a case of acromegaly would be perfectly satis-
fied that he had found the obligatory eosinophilic adenoma, which explains
acromegaly. For the anatomist familiar with eretinism the above deserip-
tion does not come as a surprise. Similar cases have been reported before,

Enlargement of the pituitary 1s common and has been reported by Carl
Benda, Aschoff, MacCallum and Fabian, Brauchli, Berblinger, and others,
Enlargement may not be present in all cases, but it is rather frequent.
Histologically, the accumulation of a colloid-like fluid has been seen by
Wegelin, Brauchli, MacCallum, and Romeis, who found colloid even in the
posterior lobe. Stasis and edema with accumulation of albuminous fluid,
giving a colloid reaction, are so typical that they can be considered as in-
dicating thyroid deficiency of severe degree.

With regard to the cell types, the most consistent alteration is the ap-
pearance of large stainless cells, which should not be called “chromophobes’
hecause this term obscures their pathological character. They are de-
pleted, decolorized epithelium. The absence of basophils at the same
time suggests their origin from the basophils. The fate of the acidophils
is not uniform. They are always reduced, but they may be accumulated
in small adenomas, as in my ease, or they may disappear almost completely.

The Gonads

Anomalies in sex development of mongoloid males and females are
common. MNore than half of the males have undescended testicles and
often abnormal sex organs. Females have delayved menarche, the men-
strual eyele is often irregular and menopause early. Heterosexual interest
is usually little developed in both sexes with oceasional masturbation the
only sex activity. The pathology of the gonads which is presented here,
offers for the first time data indicating hypoplasia in both sexes. Excep-
tions, however, occur and if sterilization is considered, the ease should be
thoroughly investigated.

In 1949, Grace M. Sawyer, M.D., reported the first confirmed case of a
mongoloid having given birth to a normal child. The mother, short in
stature (4" 74”), obese, coarse rough skin, eyes slanting with epicanthal
folds, I. ). 25, had been delivered of a female infant, weighing 2532 grams,
by Caesarean section in 1937. The pleasant child, now 12 years old, has
been tested several times and scored 1.Q).8 ranging from 120 to 123.

TaE MALE GONADS

Twenty-four cases were available for microscopic study. The age
ranged between 23 months and 31 years. In the age group below 2 years,
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there were 7 cases, 3 of which may be considered within normal range for
that age group. The seminiferous tubules were filled with Sertoli cells,
among which one to three spermatogonia or spermatogenie cells were found
per tubule. In one ease the interstitial connective tissue was slightly in-
creased, but still within a range in which recovery might be expected.
Four of the cases showed no spermatogenie tissue. The tubules were filled
with Sertoli cells. The interstitial tissue consisted of more or less coarse
fibrous tissue, which was in some instances greatly increased. TIn no case
were interstitial cells found.

The second group of cases comprised 8 patients between the ages of 4
yvears 5 months and 15 years 10 months. In all these instances the ana-
tomiecal picture was very uniform. The testicles were very small and under-
sized, measuring between 10 and 17 millimeters in length and 6 to 8 milli-
meters in width, on cross sections.  The histological pieture showed small
seminifercus tubules filled with Sertcli cells without spermatogenic cells.
The interstitial tissue consisted of coarse strands of fibrous tissue separating
the tubules and frequently encroaching upon them. No interstitial cells
were found in these cases. :

The last group was of 9 patients ranging from 16 to 31 years of age. In
this group two patterns of pathology were found. No complete matura-
tion, however, was found in any instance. In measuring the size of the
testes, it was obvious that 3 cases showed a better development, which
corresponded to about two thirds of the normal size of a male testicle,
which is about 5 eentimeters in length and 3} centimeters in width, on
eross section.  Three testicles measured 3 X 1.8 em., 2.8 X 1.6 em., and
3 X 1.6 em., respectively. In these instances some spermatogenie activity
was noticeable. The tubules were lined by Sertoli eells, and numerous
mitotic figures were recognizable in the spermatogonia. None of the cases,
however, showed mature sperm cells. The interstitial tissue contained a
few interstitial cells; it was rather fine and loose and not markedly increased
with the exeeption of the second case, in which a partial fibrosis was notice-
able. These 3 eases may be grouped as “almosts.” The development,
however, lagged definitely behind normal maturation.

The remaining 6 cases showed again a rather uniform picture. The small
testicles measured between 20 and 23 millimeters in length and 8 to 12
millimeters in width. The seminiferous tubules were small and filled with
a mertoli syneytium, and little or no spermatogenie tissue was present. In
some cases the basal membrane was greatly thickened. The interstitial
tissue consisted of more or less coarse masses of fibrous tissue with no inter-
stitial eells. All these cases showed a high degree of testicular hypoplasia
and degeneration.

There are several points of considerable interest in the pathology of the
male gonads in mongolism. 1t is noteworthy that in the baby group several
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cases were found within normal range, indicating that some mongoloids at
least have fairly normal gonadal equipment at birth. The degeneration
which is seen in the older age groups seems, therefore, to be due to the ab-
sence of those factors which are necessary to develop and stimulate gonadal
function to maturity. The absenee of spermatogenic tissue in other cases,
however, confirms the observation that some of the children are so severely
damaged in the prenatal period that germinal epithelium never differen-
tiates. This observation is further confirmed by the large number of mon-
goloid boys with undescended testicles. It is somewhat surprising to see
that in the second age group, in those boys who died before puberty, all
testicles showed a great amount of atrophy and degeneration. The in-
feetions diseases to which these children have suceumbed may possibly
have added to the picture of complete testicular atrophy. The last group
of cases offers for the first time the opportunity to study the various pat-
terns of gonadal deficiency in man in connection with the other endocrine
rlands.

Experimental pathology has colleeted a huge amount of material on the
influence of pituitectomy on-sex funetion. No attempt, however, has been
made to establish the relationship between pituitary deficieney and gonadal
atrophy in man. In the following table (15) observations on the testes
are confronted with the findings in the pituitary body.

Gonadotropie hormones have been fractionated into the follicle-stimu-
lating hormone (FSH) and the luteinizing hormone (LLH). Both factors
are best extracted from the pituitary tissue by alkaline solvents. Both
fractions show definite differences in solubility, the LH fraction being not
readily soluble below a pH of 5, while F'sH is soluble over a wide range of
pH and is extracted by aqueous solvents whether basie or acidie. This
observation probably offers the key to the problem of aecidophilic and
basophilie granules in the pituitary cells.  Although the usual dyes are not
strictly acid or basie in a chemical sense, their pH differs to some extent.

Experiments i male rats by Greep, Fevold, Hisaw, and many others
have shown that the FSH factor stimulates only tubular development,
leaving the interstitial elements unaffected. The LH factor, on the other
hand, has a definite influence on the iterstitial tissue, while the germinal
epithelium remains unaltered. Growth of the gonads seems to depend
on the presence of both factors. If only FSH is used, a slight increase in
size occurs, while the LH faetor has hittle influence upon augmentation.
If both hormones are present to a certain degree, normal augmentation
will take place.

These observations are of great interest with regard to the pathological
patterns of atrophv in man. T have ealled attention to the fact that the



ENDOCRINE PATHOLOGY 143

pituitary in mongolism shows two main types of pathology: (1) a chromo-
phobie shift without development of chromophilic elements, and (2) a
chromophilie shift with absence of chromophobie elements.  In comparing
the pituitaries with the gonads, it is conspicuous that the patients with in-

TanLe 15.—Relationship between Male Gonads and Pituitary in Mongolism after

Puberty
]Iui}zhi
Case No. | Age |’-'°ttl:E=:1'll. Testicle Pituitary
.

42/85 ! 16 | 126 | Size: 3 X 1.8 em. Interstitial tis- | Chromophilie shift, alpha
| sue fairly normal. Some sperma- and beta cells. Castra-
togonic activity. No maturity. tion cells

some degeneration
138 | Size: 2.2 X 1em. Solid lumina with| Small, infantile gland.

(4%
—_
M,
= |
oo
—_—
o

Sertoli cells.  No spermatogonia. Chromophobes, no
Interstitial fibrosis chromophils

42/81 | 17 | 130 | Size: 2em. X 9mm. Solid lumina. | Chromophobes. No alpha
Sertoli ecells, no spermatogonia. cells. Castration eells

Moderate interstitial fibrosis
42/90 | 17 | 159 | Size: 2.8 ¥ 1.6 em. Mitotie activ- | Chromophilic shift. Al-
. ity, but no maturity. Interstitial] pha and beta cells

tizsue normal
41/65 | 18 l 165 | Size:3 X 1.6 em., 2.5 X 1.3 em. Some| Chromophilie shift. Al-

_ spermatogonic activity, partial pha and beta cells. Cas-
.' degeneration. Moderate inter- tration cells
stitial fibrosis
44/146, 18 Size: 2.3 % 1.2 em. Tubules small | Chromophilie shift. Al-
but fairly developed. Some sper- pha and beta cells

matogonie activity. Interstitial

tissue fairly normal .

M. 3 | 20 Size: 2.2em. X 8mm. Degenerated Chromophobes only

tubules. No spermatogenesis.

Increased interstitial fibrosis

38/22 | 20 | 160 | Size: 2 X 1 em. Tubular formation| Chromophilic shift. Al-

' | with some activity. No complete] pha and beta cells
maturity. Interstitial fibrosis

37/8 | 81 | 142 | Small testes. Some spermatogonic | Alpha cell shift

activity. No complete maturity.

Gireat inerease in interstitial fibro-|

' gig. Fibrosis of basal membranes |

ability to form chromophilic elements show definite gonadal hypoplasia and
atrophy. None of the cases with only chromophobie eells in the pituitary
showed any degree of normal development in the gonads. Conversely, a
chromophilic shift warrants a better gonadal development in the majority
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of cases, although the presence of chromophilic elements may not prevent
degeneration in every case. A rather definite relationship between these
factors is observable in patients after puberty, and it is possible to prediet
the condition of the gonads from a study of the pituitary. Patients with
infantile chromophobie ecells show gonadal atrophy and hypoplasia, and
one may conelude that the chromophobie elements of the pituitary are not
able to maintain any degree of gonadal activity. The best development
of the testicles was present in those patients in whom alpha and beta cells
were fairly numerous.  Cases which showed only alpha cells had some
activity of the spermatogenic epithelium but, at the same time, increased
fibrosis of the interstitial tissue. On the other hand, the presence of heta
cells guarantees fair development of the interstitial tissue while tubular
activity demands the presence of alpha cells.  One may, therefore, conclude
that these observations provide evidence of the direct relationship between
gonadal activity and chromophilic cells. It is suggested that the alpha
cells provide the FSH fraction, while the LH fraction is provided by the
heta, or “basophilic,” cells. Aecromegaly and hyperthyroidism are both
associated with an inerease in acidophilie cells in the pituitary and a tem-
porary inerease in gonadal activity.

Mongolism and eretinism are associated with hypopituitarism. If all
chromophilic elements are absent, gonadal hypoplasia is conspicuous.
If alpha cells are present, but heta cells are missing, tubular activity is
present to a certain degree, but no maturation oecurs. If beta cells are
present but alpha cells are absent, the interstitial tissue is fairly well pre-
served, but tubular activity i1s missing. Thus, a definite relation-
ship between alpha and beta cells and the gonadotropie fractions in man
secms established.

This observation, however, is not correct for the age groups before pu-
berty. In the infantile mongoloid, no direct relationship between pituitary
eytology and the condition of the testes could be observed.

Tue FEMaLeE (GONADS

Anomalies in sex development of mongoloid girls are as conspicuous as
those of males. They are frequently recognizable in early infancy. The
major labia appear sometimes like round eushions or are hypertrophic.
After puberty, development of secondary sex characters is abnormal.
Mongoloid girls mature late, and menstruation may not start before the
end of the teens. The breasts remain infantile longer than in normal
children, although they frequently become very heavy and pendulous owing
to abundant fat development. The areolar glands are generally missing.
Axillary hair is absent. Some mongoloid females show signs of hirsutism.
All these rregularities indicate anomalies in the development of those secre-
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Fic. 59, (Upper left) Gonads in mongolism. Testicular atrophy of a 16 yr. old
mongoloid. The seminiferous tubules contain only degenerated Sertoli eells which
fill the entire lumen. No spermatogenic cells present. Nofe increase in interstitial
fibrous tissue which is looge and edematous. No interstitial eells present.

Frc. 60. (Center left) Testicle of a 20 yr. old mongoloid adult. Note the thicken-
ing of the basement membrane. Tubules filled with Sertoli cells, No spermatogenic
cells. No interstitial cells.

Fic. 61. (Upper right) Testicle of a 23 mos. old mongoloid baby. Note the strik-
ing inerease in coarse interstitial connective tissue separating the tubules from each
other. Some tubules appear encroached and degenerated. Several tubules still
contain ““germinal epithelium’ embedded in the Sertoli syneytium.

Fic. 62, (Lower) Owary of a 12 yr. old mongoloid girl. Note 5 enlarged graafian
follicles which apparently failed to involute. The follicles are lined by the theea
interna (T) and a perfectly preserved membrana granulosa (G). The latter is lifted
from the theca at some points and is fHoating, but not degenerated, No ova seen in
the follicles. The remaining graafian follicles are degenerated.
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tory glands which participate in developing sex characteristics (ovaries,
adrenals).

Case No.

36 /60
oo/ 04
371

33/80
40/57

40/47

44134
M. 1

37/10

43/100

43/126

41/71

44/129

TasrLe 16.—Relationship between Female Gonads

and Priuitary

H!:i%:]ﬂ.
Ape Pa I{;Eﬂl. Ovary Pituitary
Cm.
2 days 40 | Fetal Inactive chromophobes,
Necrosis
6 weeks | 49.5 Normal Inactive chromophobes,
necrosis
7 mos, 65 | Normal Alpha eell shift
18 mos. 72 | Normal Alpha ecell shift
4% yra. 87 | No follicular aetivity. One | Alpha, beta, and castra-
large follicle, few scars tion cells
g1 08 | Slight follicular activity. Few | Chromophobes pre-
lutein scars. Two large eysts|  dominant. Beta and
castration ecells, col-
loid
Oy 113 | (1) Small, undeveloped, infan- | Infantile, chromopho-
tile. (2) Several cysts bic. No chromophils
10 108 | Cystie follicle atresia Alpha eells predomi-
nant
12 126 | Cystie follicle atresia Alpha cells predomi-
nant. Delta and
beta cells
1555 140 | Fibrotic ovary without aetivity| Chromophobes pre-
dominant
174 125 | Little follicular activity. Secars| Castration cells. Few
and follicle eysts. Numerous| alphaecells. Chromo-
' atretic scars with fibrous or- phobes  predominant
ganization. No lutein cells
preserved
28 | 136 | Mo follicular activity. Atretic | Colloid in eleft. Chro-
sears with degenerated lutein mophobes predomi-
cells nant. Small beta
cells. No alpha eells
40 134 No primordial activity. Nu- | Chromophobes pre-
merous corpora lutea atretica,| dominant. Colloid in
not completely involuted. cleft.  (Chromopho-

One recently ruptured graaf-
ian follicle

bic regression)

It is not surprising, therefore, that the ovaries of mongoloid patients
were found abnormal in all instances, with the exception of some babies,

whose ovaries were within normal range,

This indicates, again, that the

primary development is not necessarily abnormal, and the pathology which
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15 found in older mongoloids 1= due to lack of stimulation and maturation,
which iz supported by action from other glands.  Hypoplasia of the ovaries
was present in all cases, and no mongoloid female was found with ovaries
of normal size. The pathology falls into three groups: (1) General hypo-
plasia without aectivity of the germinal epithelium; (2) hypoplasia with
tendeney to persistence of follicular eysts and lack of involution; (3) hypo-
plasia with little follicular activity, but tendency to persistence of atretie
corpora lutea.

The hypoplastie, “resting” ovaries are small bodies with a limited num-
her of primordial graafian follicles, many of them degenerated. No mature
stages are found. The fibrous stroma is increased.

The ovary of the second group is characterized by the presence of numer-
ous large follicle eysts. In an ovary of a 12 year old girl, five of those en-
larged follicles were easily recognizable by the naked eye. The cortex was
small and econtained few primordial follicles. The enlarged follicles were
lined by the interna and a well-preserved membrana granulosa. The latter
was lifted from the theca on some points and floating, but not degenerated.
No ova were found in these follicles. The picture indicates that follicle
stimulation had taken place, but the agents whieh bring about degeneration
of the follicles must have been missing and involution did not take place.

In the third group another phenomenon was conspicunous.  There were
no cysts.  The whole stroma was filled with atretie corpora lutea, in which
the lutein cells were still recognizable, although they had no nuelei and were
without Iutein.  While normally the atretic corpora lutea become connee-
tive tissue scars which take little space within the stroma, in these ovaries
numerous large atretic bodies were found, which had failed to undergo com-
plete involution.

It 15 quite obvious that the two patterns of pathology seen in the second
and third groups represent two separate types of gonadotropic deficiency.
It is suggested that in the second group follicle stimulation 1s present, but
no luteination takes place. In the third group no follicle stimulation is
seen, but the LI is operating and preventing complete disappearance of
the atretic corpora lutea.

A comparison with the pituitaries of the various cases establishes the
fact that the instances of increased follicle stimulation are associated with
an eosinophilie shift in the pituitary, while the other type showed preva-
lence of basophilic cells and deficiency of the eosinophilic cell system. The
relationship between the two gonadotropie fractions and the two chromo-
philic granules of the pituitary which was seen in the males is also recog-
nizable in the females. Absence of chromophilic elements and prevalence
of chromophobes is associated with complete hypoplasia of the ovaries.
The ohservations suggest, again, that chromophilic elements in the pitui-
tary are necessary to establish gonadal activity.
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The Suprarenal Glands
AxaToMY AND PosTNATAL DEVELOPMENT

Although the general anatomy of the adult suprarenals is well estab-
lished and the patterns of pathology which are seen in Addison’s disease
are known, the adrenals in childhood have been the subject of only a few
investigations, and the role of the adrenals in growth disorders is prac-
tically unknown. It seems, therefore, worth while to give first a brief out-
lire of the anatomy and a short review of the problems under discussion.

The adrenals consist of cortex and medulla. The cortex surrounds the
meculla as a fruit dees its kernel. Beneath the capsule a narrow cortical
zone is found, which is called the zona glomerulosa. This layer consists
cf small celumnar cells elosely packed in ovoid groups or in nests which
rest upon the next zone like caps. The nuelei stain deeply, and the cyto-
plasm is rather scanty. Beneath the zona glomerulosa are found eolumns
of epithelial cells which form the zona fascieulata. This zone constitutes
the widest portion of the cortex and consists of polyhedral cells which are
larger than theose of the first zone. The ecytoplasm appears vacuolated
and reduced to narrow threads between the numerous lipoid droplets which
are seattered throughout the cells. The innermost layer of the cortex is
formed by an anastomosing network of cells called the zona reticularis.
These cells are about the same size as those of the second layer, but they
contain little lipoid and show less vacuolation. Near the medullary border
a number of cells contain abundant pigment in their eytoplasm and have,
therefore, a brownish green color. These cells are ecalled chromatophores.

The center of the adrenals is formed by a glandular core called the me-
dulla. The cells of the medulla are not found throughout the whole space
hetween the cortical envelope. In the periphery of the medullary core the
cortical layers are separated by strands of connective tissue which contain
rather large blood vessels. In the center the medulla has its greatest width
and separates the cortical layers for a distance of several millimeters. In
this “hilus” the medulla is composed of rounded groups or short cords of
“hasophilic” cells, which surround the large blood vessels and sinusoidal
venules. These are the true medullary cells, derivatives of the ectoderm.
If the cells are fixed in dichromate, fine brown granules may be found in
them, which show the “chromaffin’ reaction. In addition, sympathetic
ganglion cells are also present.

One peculiarity should be mentioned. The permanent cortex appears
sometimes mvaginated from the outside around the central vein. It is,
therefore, common to find true cortex immediately around the eentral
vessel within the medulla, an observation which is not pathological,
but ean easily lead to misinterpretation. On the other hand, remnants of
fetal cortex are also most likely found in the hilus area.
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Fia. 63. (Upper left) Adrenal cortex, Masson stain; 17 yr. old mongoeloid male,
The upper edge represents the capsule (C), beneath the glomerulosa (G) of which
some eell nests are recognizable. The fasciculata (F) is almost completely degen-
erated. The boundary zone (B) is in a econdition of involution usually seen in babies
shortly after birth. Between boundary zone and medulla (M) a broad zone of eosino-
philie cells, the juxtamedullary zone or X zone.

Fic. 64. (Upper right) Adrenal cortex, H & E stain; 17 yr. old mongoloid male.
The glomerularis is fairly large. The fasciculata shows no formation of cell columns
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It is well known that medulla and cortex are derived from different em-
bryological tissues, and both glandular tissues have a different function.
The medulla is concerned with the produetion of adrenalin or a precursor
of that substance. The endoerine function of the cortex has been dis-
covered only in the last few decades. It is now known that the cortex
plays an important role in glycogen and salt metabolism, and its activity
is closely related to pituitary and gonadal function. Destruction of the
cortex as seen in Addison’s disease leads to a severe metabolie disorder;
tumors of the cortex may have a striking virilizing effect in females.  Pitui-
tectomy leads to atrophy of the cortex, especially of the fasciculata and
olomerulosa. Complete destruction of the cortex is not compatible with
life.

Without going into details of the prenatal development, one point must
be remembered. The sympathicogenic tissue, which forms the medulla,
immigrates from the outside into a pile of mesodermal cells, the central
body (Cramer) or fetal cortex of other authors. The penetration takes
place from the medial and eaudal surface in groups and strands, until the
future medullary cells are piled near the central vessels inside of the fetal
cortex. Differentiation of sympathicogenic cells into chromaffin cells takes
place mainly after birth, but the immigration is closed long before that
time. At birth we find, therefore, three different layers, which enclose
rach other, fruitlike: (1) the permanent cortex, (2) the fetal cortex or
“central body,” and (3) the medulla. We shall see that penetration of
medullary eells through the cortex and eentral body is sometimes arrested,
and funnel-shaped bundles of medullary cells may be found within the
cortex or even outside, resting upon the capsule. These medullary cells,
which apparently came too late and found immigration closed, may form
the center of isolated settlements around the capsule and form accessory
bodies, which are extremely numerous in mongolism. In other instances
the cortex alone is separated in smaller nodules, which contain all types of
cortical eells, but no medulla.

Development of the human adrenal in postnatal life 1s associated with a
unique involution of the fetal tissue. This has attracted considerable
interest in recent years, but it is not yet fully understood. The adrenals at
birth are large organs with a smooth, regular surface. Beneath the cap-

and has an infantile appearance; very narrow. Boundary zone in involution; be-
neath a well preserved X zone.

IFrG. 65. (Lower left) Adrenal cortex, 28 yr. old mongoloid female. At the bot-
tom of picture encapsulated medulla; permanent cortex narrow, infantile, without
differentiation of faseiculata; no lipoid.

Fic. 66. (Lower right) Adrenal cortex, 4 yr. old mongoloid male. At the upper
margin: capsule and glomerulosa; beneath a narrow faseiculata without lipoid.
Note the connective tissue strands which separate the permanent cortex above from
a juxtamedullary zone with eosinophilie eell nests. Incomplete involution.
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sule a layer of cortical epithelium cells, the so-called permanent cortex, is
present in which the zona glomerulosa and z. fasciculata can be distin-
guished. Inside, toward the medulla, the permanent cortex is lined by :
mass of slightly larger eosinophilie cells, which fill the whole center of the
gland and include in their midst a pile of neurogenic tissue. At birth the
dissolution of the fetal cortex or central body takes place in such a way
that, at the border of the permanent cortex in the boundary zone, large

F1a. 67. Adrenal cortex of a 9 yr. old mongoloid male. The fasciculata separated
by enlarged capillaries. Cells contain no lipoid. Reticularis shows increased
stroma with some islands of persistent fetal cells. Incomplete involution. At bot-
tom: part of medulla.

Fra. 68. Adrenal cortex, 18 yr. old mongoloid male. At upper edge: capsule
and glomerulosa. Hyaline degeneration of fasciculata. Fibrosis of reticularis.

sinuses filled with blood are formed and the cells of the fetal cortex undergo
rapid degeneration.
In 1927, M. F. Lucas Keene and E. E. Hewer wrote:

The possible function of those cells constituting the main mass of the human gland
during development, the so-called fetal cortex or boundary zone, which disappear
during the first year of life offers a most interesting problem, but the very fact that
these cells are present mainly during fetal life puts great and very obvious difficulty
in the way of any investigation of their physiological significance.
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Ikeene and Hewer point out that during the first year of life the whole
gland shrinks, owing to the rapid disappearance of the fetal cortex, the
cells of which become first swollen and then losé their nuclei and are later
replaced to a certain extent by temporary fibrous tissue, which forms a
well-marked zone central to the rapidly developing zona fasciculata. Up
to one year the central fibrous tissue is a marked feature, but it can no
longer be discerned at 3 vears of age.  Although the border between perma-
nent cortex and medulla is distinet, owing to the difference of tissue, the
two components, cortex and medulla, are not separated by connective tissue
strands. The normal medulla is not encapsulated. The permanent cortex
increases in size, apparently from the periphery. The greatest amount
of mitosis is found in the glomerulosa and in the outer fasciculata.

Although Keene and Hewer do not hold the view of Cramer that the
“central body™ participates in the formation of the medulla, these authors
think that the true cortex, which persists postnatally, and the fetal cortex,
which atrophies after birth, are not of common origin. This observation
is based on different staining reactions. The cells of the fetal cortex are
eosinophilic throughout their existence, whereas the eells of the true cortex
are small basophil cells which never give an eosinophilic reaction. The
study emphasizes the importance of the “central body” and its possible
significance for pathology, but the authors do not offer any definite solution.

[Keene and Hewer’s view is confirmed by Unto U. Ustila, who has col-
lected ample evidence that the permanent cortex is formed not from the
fetal cortex, but from entirely new mesothelial elements proliferating from
the celomic wall. The permanent cortex differentiates gradually on the
free surface of the fetal cortex and beneath the capsule. The later fate
of the fetal cortex is thought to be complete degeneration, which starts
during the last ten weeks of intra-uterine life and is completed by the end
of the first year. Nothing is known concerning the funection of the fetal
cortex. It 1s formed before the permanent cortex and forms the hulk of
the fetal adrenal. It persists as a well-developed organ throughout intra-
uterine life, but it degenerates soon after birth. This suggests, according
to Uotila, “that it serves some important function in the physiology of the
embryo and fetus and is not a mere phylogenetic relie. The fetal cortex
would seem to belong to that group of pre-natal structures which Streeter
would regard as ‘temporary devices,” with which some particular needs
are met.”

Details for the process of the postnatal degeneration of the fetal cortex
have recently been provided by Benner and Swinyard. The degeneration
is in full swing at the end of the first postnatal week and is completed six
to nine months after birth. These authors hold the view that the con-
nective tissue fibers do not separate the boundary zone from the permanent
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cortex, but are the original stroma which becomes “increasingly evident”
as the cells disappear. They do not think that there is new formation of
connective tissue, and the compact band of eonnective tissue, which en-
capsulates the medulla at the end of the first year, remains “as a vestige
of the stroma of the fetal cortex.” During the second year the band ob-
literates and disappears. The permanent cortex inereases in size, while the
fetal cortex disappears, and it is now generally held that growth of the
permanent cortex takes place from the glomerulosa. The vertical align-
ment of cells which represent the zona fasciculata appears during the
second postnatal week, and the zona reticularis appears in the third post-
natal month.

It is held that “the morphological types found in the adrenal cortex are
different stages in the life history of the same cells” (Zwemer and co-workers).
Accerding to this view, which is now widely aceepted, the cortical cells
proliferate from the glomerulesa beneath the eapsule, form the faseieulata,
and firally the reticularis, in which the greatest amount of eell degeneration
can be found.

If one summarizes the results of various studies made on animals and
on the human adrenal, one may conclude: (1) that the fetal cortex dis-
appears entirely after birth without leaving any trace, except under path-
ological conditions, as a possible source of tumors (Grollman): (2) that the
medulla 15 formed from neurogenic tissue entirely independent of the
permanent cortex and the fetal cortex; and (3) that the permanent cortex
is formed from mesothelium, independently from the fetal cortex. The
permanent cortex grows from the outside toward the medulla, increasing
rapidly after birth and continuing to grow up to an age of 17 to 20 years.
The permanent cortex is the main and only source of the adrenocortical
hormones.

This view seems fairly satisfactory and compatible with a number of ob-
servations which were made in children and in various animal species. Tt
leaves, however, a gap in our knowledge, which i1s important enough to be
emphasized, because a number of observations are not compatible with the
view reported above. It may be mentioned that Cramer developed a
slightly different opinion about the disappearance of the fetal cortex, or the
“central body,” as he termed it. In his opinion masses of connective
tissue grow in tangential direction through the boundary zone, separating
the tissue inside of the conneetive tissue from that on the outside. The
cells between the conneective tissue strands and the permanent cortex form
a part of the reticularis, which would, therefore, be a different tissue from
the other two layers of the permanent cortex. Most of the cells of the
central body inside the boundary zone undergo degeneration and are com-
pletely destroyved, but a few of the large cells escape destruction and remain
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within the medulla as islands or single cells and can be seen even in the
adult gland. Cramer thinks that many of the cells of the central body
undergo division and participate in the development of the medulla, which
is formed “at the expense of the central body.” He thinks that one has
to look at the central body as the origin of or, at any rate, part of the
medulla, and that the final medulla as a source of adrenalin is formed from
the two tissues, the neurogenic and the fetal central body. According to
Cramer, the medulla would reveal an arrangement similar to that seen in
the pituitary, where neurogenic and glandular tissues have united to form
one endoerine system. Cramer reports a eretin in whom the formation
of the medulla was inhibited, although the conneective tissue reaction had
commenced. Absence of the central body in hemicephaly has been re-
ported by Elhott and Armour.

Although Cramer’s view has not been accepted generally, there are some
facts which are unexplainable by the theory that the reticularis is a part
of the permanent cortex and develops from the outside layers. Several
investigators have associated the presence of the “adrenogenital syndrome ™
with a proliferation of the reticularis, which is considered by some as “‘an-
drogenic tissue.” Grollman, especially, has emphasized that this andro-
genie tissue is the source of virilizing influence in girls and may be the
rause of abnormal sex differentiation in males and females. The discovery
of a special zone, the juxtamedullary zone or x-zone, in certain animals,
and its relationship to sex development supports the view that the tissue
between permanent cortex and medulla should be considered as a separate
tissue with particular funections.

THE ADRENALS IN NMoNGoOLISM

The observations which were made on 38 ecases of mongolism are not
only of interest with regard to the pathology of this condition, but they
throw, at the same time, some light on the problems which are discussed
above., The material can be divided into findings in infants and in children
and adults. In infants the adrenals revealed a normal or fairly normal
permanent cortex, confirming Hirning and Farber’s observations made on
15 infants. The fetal cortex in my material appeared in full degeneration
in all eases of that group. What was left was a strong connective tissue
stroma, filled with blood and debris.  The medulla appeared less developed
than one might expeet from the study of control material.

In the second group, that of children above 4 years and adults, pathology
was consistent and striking in all eases.

The permanent cortex remained at a level present after birth, and very
little postnatal growth could be noticed. The fasciculata was narrow, the
lipoid was sparse, and the cells and their arrangement were of infantile
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patterns. In addition, considerable degeneration was present in a large
number of cases. In one case the cortex was destroyed, but no symptoms
of Addison’s disease had been observed.

The medulla varied greatly in size. True medullary cells were sparse
in many cases, but a few showed hypertrophy. A considerable amount of
fibrosis was present with the hypertrophy. The observations on the ad-
renal medulla permit the conclusion that medullary funetion is inadequate
on account of insufficient development of the chromaffin cells.

The most startling observations were made with regard to the “boundary
zone,” or juxtamedullary zone. While the permanent cortex was hypo-
plastic and narrow, the zone between fascieulata and medulla was broad
and outstanding. The width of this zone was frequently equal to that of
the combined two outer layers. The cells of the boundary zone stained
bright eosinophilic in the majority of observations. There was a strong
fibrous stroma, with bands of connective tissue, which encapsulated the
medulla.  This “capsule” should normally disappear in the second year.

Interpretation of Observations

The interpretation of the observations is difficult, but the findings suggest
a few possibilities which are worth discussing.

The hypertrophie boundary zone seen in almost all cases is either a rem-
nant of the fetal cortex, which has failed to involute, or a hypertrophie
juxtamedullary or x-zone. In the former case, the observations are well
in line with Cramer’s deseription, who points out that the connective tissue
strands penetrate the boundary zone and separate the inner from the outer
layer, and that remnants of the central body may persist within the stroma.
The pictures which are seen in mongolism lend themselves readily to such
an interpretation. It is, however, noteworthy that the infants who died
shortly after birth had no signs of persistent fetal tissue. Does this mean
that the zone which was seen in older mongoloids developed as a compensa-
tory hypertrophy after infancy, independently from the fetal cortex, or does
it indicate that those mongoloids died beeause their adrenal systems col-
lapsed so completely and rapidly that life was not compatible with so much
degeneration? The second possibility, that the tissue is juxtamedullary
tissue, 1s of considerable interest. It appears certain that the tissue is not
a hypertrophic “‘reticularis,” because it is impossible to believe that the
degenerated outer layers are able to produce this tissue.

If this x-zone is neither persistent fetal cortex nor a part of the normal
reticularis, then we have to assume that it developed from the boundary
zone independently from the growth of the permanent cortex. Hyper-
trophy of this zone is considered to give rise to the “adrenogenital’ syn-
drome. In mongolism there is no true mascularization of females or pre-
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cocious sex development of males, but this may be due to the fact that the
sonads are unable to respond to such a stimulus.  Of great interest is the
observation that the x-zone disappears at puberty in mice, but persists
following castration (Howard). Gersh and Grollman have seen an experi-
mental hypertrophy after administration of thyroid. Whatever the final
interpretaticn will Le, the observations in mongolism support the view that
tke juxtamedullary zone, which may become outstanding under patho-
Icgical corditions and which may ke hypertrophie while the permanent
cortex is aplastie, is a functionally and ontogenetically separate tissue,
which is not identical with the reticularis of the permanent cortex,

Although the significance of those observations is still unknown, the
fact that the adrenals reveal such a particular and consistent pathology is
worth recording. The aplasia of the permanent cortex can be attributed
to the lack of pituitary aetivity. In this respect, the observations on the
adrenals are well in line with those on the thyroid and gonads. We can
now say that the observations add further evidence to the statement that
the mongoloid inner seeretory system acts like that of experimental hypo-
physectomy. The permanent cortex fails to grow and is apt to undergo
final degeneration. We see in mongolism a funectional activity of the ad-
renal cortex lower than the normal, but the loss is not complete, which is
also true for the hypophysectomized animal. The ecarbohydrate metabo-
lism is most severely lowered.

The relationship of the fetal cortex to the pituitary is not yet known.
Could it be possible that a persistent fetal cortex prevents the pituitary
from going into action? We know that the fetal cortex degenerates after
birth, independently from all other endeerine glands. This disappearance
is apparently not controlled by the pituitary. One has to keep in mind
that a persistent fetal cortex or a hyvpertrophic x-zone may possibly hold
the pituitary in lock, preventing it from exercising the influence which
it seems otherwise suited to activate.

THE ADRENALS IN CRETINISM

There are no studies on the adrenals in eretinism available which were
done with the purpose of studying the development of the juxtamedullary
fissue and the fate of the central body. Cramer, however, mentioned one
case of eretinism in which he found retardation of the involution of the
central body.

The adrenals of one case of myxedema and congenital aplasia of the
thyrcid were at my disposal. The permanent cortex appeared normal,
especially in comparison with mongoloid adrenals. There was no ab-
normality of the zona reticularis. The medulla was small and showed
lymphatic infiltration, but the cells as such and the arrangement were
negative,
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SyyNorsig oF THE Expocning Parnonoay v CreriNism AaND MoNGOLISM

Mongolism and eretinism are the two great endoerine disorders of child-
hood, which outrange every other disease by their medical and soecial im-
portance.

In eretinism (congenital thyroid aplasia) we see an example of an ex-
periment by nature to produce a human being with one important gland,
the thyroid, missing. The result is a dwarf with myxedema and mental
deficiency, but life is compatible with such a congenital defect. The effects
upon bones, skin, metabolism, are well known. Without thyroid, the
gonads do not attain maturity. The alterations in the pituitary have been
considered by some as a compensatory enlargement.  With more knowledge
at hand, this interpretation seems hardly appropriate. The enlargement
seems due to congestion and secretory stasis and, frequently, eyst formation,
The spaces are filled with a colloid-like, mucinous fluid, and the cells un-
dergo regressive changes. The adrenals seem less affected, but our present
knowledge is limited. Cramer’s observation of delayed involution of the
fetal cortex is not yet confirmed by other observations.

It has been thought that eretinism (congenital thyroid aplasia) cannot he
recognized at birth and does not become manifest before several months
have elapsed. This idea has given rise to the theory that the endoerines
of the mother supply the embryo eompletely and the thyroid of the fetus
is not necessary for its full development to term. This view has changed,
since 1t has become evident that thyroid aplasia manifests itself in the new-
horn in retardation of growth and bone development and in an increase in
weight, which are recognizable at the time of birth. This demonstrates
clearly that fetal developments depend, to a certain degree, on the partici-
pation of the embryo’s endocrine system in the metabolism of gestation.

In mongolism the ineretion of another even more important gland, the
pituitary, is removed from the economy of the body. Mongolism is not
associated with pituitary aplasia. Such anomaly seems incompatible with
life. Mongolism is a congenital hypopituitarism. Although there is a
pituitary body, there is evidence that function is lacking. The mongoloid
is a “pituitary eretin.”

sSome mnvestigators have compared the role of the pituitary with that of a
conductor; others have ecalled it the master gland. 1 have pointed out
that the interaction of the glands is not a one-sided relationship, in which
one part could act without the others. If we accept the simile that the
pituitary is the conductor, we may point out that in mongolism, at the
time of birth, the orchestra (thyroid, gonads, adrenals) is ready to play,
but the conductor is not present on the stage, to take over. For a number
of reasons, which are suggested in Chapter X he is delayed. After several
months of waiting, the conductor seems ready to take over, but the orches-
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tra has disintegrated from lack of practice and discipline. ‘The interaction
between the glands is out of control. It is a fascinating observation how,
in the body, each gland is tuned into the rhythm of development and is
requested to participate at a certain point. Without this “‘falling into
line” the organism cannot achieve the complicated assignments which are
requested.

The thyroid is the first of all endoerines, the function of which is evident
and whose lack of function manifests itself as early as the time of hirth.
In mongolism 12 per cent of the cases have a thyroid which is so definitely
abnormal that the pathology borders on a “eretinoid’ condition. In the
remaining 88 per cent the gland seems fit for action, but inactivity and
stagnation lead rapidly to hypothyroidism. The material at hand does
not indicate that the thymus takes part in the chain of pathologieal events.
The adrenal permanent cortex, which seems to participate in the endoerine
economy not later than three months after birth, fails to do =0 for the same
reasons as the thyroid. Whether the fate of the fetal cortex is significant
is still a matter of speculation. The gonads are the last in exercising any
active influence. In mongolism they never do.  The result 1s a complicated
endoerine disorder, in which any attempt to put the blame on any par-
ticular gland seems hopeless.  This, however, is true for any growth dis-
order, and Harvey Cushing has expressed the situation, with regard to
acromegaly, more clearly than anybody else :

A persistent thymus, a large colloid goitre, enlarged parathyroids, hypertrophy
of the pancreas and greatly hypertrophied adrenals due to an adenomatosis of the
cortical substance. To any one of these markedly changed glands, an observer
might in the 1880's have ascribed the malady with greater seeming probability than
to the normal-sized hypophysis.

The colleeted material on the endoerine pathology of mongolism demon-
strates, as did the elinical observations, that the key to this disorder is a
chronie insufficiency of pituitary function, which makes mongolism a con-
genital acromicria.
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CHAPTER VI
GENERAL PATHOLOGY
Mongolism

LIVvER

The liver of the mongoloid has not been deseribed before,  Brousseau did
not mention any liver pathology in his monograph on mongolism (1928).

The microscopie findings in 43 hivers of mongoloids are condensed in
Table 18. Four features are found with some regularity: fatty vacuoliza-
tion, fibrosis, degeneration of the parenchyma, and congestion. A fifth
feature, tuberculosis, was added in order to show that there is no correlation
between the liver pathology of mongolism and tuberculosis of the liver,
although a very high percentage of mongoloids die of this disease. The
enumeration of the causes of death adds further evidence that the fatty
changes in the liver are not correlated with chronie infections, such as
tuberculosis.

Fatty Vacuolization: This tl{-:-,;{'rip’riﬁ.*{- term was used rather than the
term ‘“‘fatty infiltration™ or “fatty degeneration” because it has, at the
present time, not been demonstrated whether the fat in the livers is “‘storage
fat” or not. In many cases there is no indication that the cells that carry
the fat are otherwise injured. On the other hand, the cells often show
obvious degeneration, but neither of these findings 15 conclusive proof of
the nature of the fat droplets, and only physiological and histochemical
methods ecan definitely settle the point. Therefore, the noncommittal
term “fatty vacuolization” was used. In 12 mongoloids from 9 days to
I vear 10 months old, an abnormal amount of fat (4++) oceurred in 2
-ases, or about 17 per cent. Of 31 ecases above 2 vears 4 months old, 25
(about 80 per cent) carried a definitely abnormal amount of fat (++ to
+++-+). Other pathologic characteristics are probably secondary to
the fatty changes, except for the cases of severe congestion in infancy.

The initial stages of fatty vacuolization sometimes show a distribution
along the central veins, but this is not at all a general rule and the fat is
actually more often and to greater extent found around the portal vessels.
Twao eases were seen in which the fat was aceumulated along the central as
well as the portal vessels, leaving only the intermediary zones of the lobules
relatively free from fat. In the most advanced stages (4 out of 31, or
about 13 per cent), all liver cells contained at least one big droplet of fat
which filled almost the whole cell and compressed the nuecleus. These
livers actually simulate fat tissue (see Fig. 70). The fat droplets reach
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the size of 50 micra, yet in all these cases of most severe fatty vacuolization
it 1s possible to trace the original pattern of the lobule, the liver cords being
only slightly and mechanieally displaced. Furthermore, there is a con-
siderable amount of eytoplasm in the spaces between the droplets which
appears essentially normal.

Macroscopieally, the livers are rarvely of the extreme fatty type, even
when 50 per cent and more of the cells are seen microscopically to contain
large fat droplets. On sections, only one liver was found to be actually
oozing fat, and this liver was also the only one that floated on water (Case
148). The great majority of the livers show a yellowish tinge. In those
cases in which the fat is diagnosed at autopsy, one is surprised at miero-
scopic examination to see the great amount which is actually present in
the cells.

Fibrosts: Fibrosis 1s not as constant a finding as is the fatty deposit.
It oceurs, however, in more than 50 per cent of the older age group. Typi-
cally, it does not present the picture of a liver eirrhosis. True nodular
eirrhosis was not found at all in the 43 cases of this study. The great
majority of those cases which show a conspicuous inerease in fibrous tissue
have a pronounced periportal proliferation and also a thickened capsule,
but the intertrabecular spaces show little or no inerease in connective
tissue. The liver cords, therefore, are not compressed or replaced. Mae-
roscopically, there are sometimes the inereased lobular markings charac-
teristic of early liver eirrhosis, but never is the surface of the liver uneven or
nodular, and in many cases the slight inerease in fibrosis found under the
microscope is not diagnosed at autopsy.

Case 125 and Case 65 show fully developed liver eirrhosis, but even here
the great amount of fibers is not present in solid masses and does not lead
to a conspicuous hardening of the liver or to the formation of nodules. In
the foreground is a severe necrosis of the parenchyma with no signs of re-
generative foei. Case 65 clearly shows a considerable amount of fatty
vacuoles, but none were found in Case 125. This case is that of the only
Negro mongoloid in the series. The liver is atypical of mongolism. (Fur-
ther doubt is thrown on the diagnosis through the fact that the thyroid
and pituitary glands were also not typical. The diagnosis was based on
the presence of many external stigmata, such as the formation of the skull,
hypotonia, and rudimental epicanthal folds.)

In addition to these two cases of liver cirrhosis, one of which is not
definitely established as a mongoloid, there are two other cases which might
be called “‘eirrhosis in its initial stages.” The majority of cases show a
limited but definite periportal fibrosis, which appears to have little tendeney
to proliferate further at the expense of liver tissue.

(Congestion: "I'wo thirds of the cases below 2 wyears of age showed con-
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Frz. 69. (Upper left) Liver congestion in a 2§ months old mongoloid baby (C-
181). Liver shows a high degree of congestion with severe compression of the liver
cords. Fat is rare, but a few fatty vacuoles are visible in the picture. I & E stain,
magnification 270 times.

Frz. 70. (Lower left) Fatty vacuolation in the liver of a 16 yr. old mongoloid
girl (44/148). The eytoplasm is much compressed by the big fat vacuoles. The
center of the lobule is at the right, and liver cords are still traceable. H & E stain,
magnification 460 times.

Fra. 71. (Upper right) Fatty infiltration of liver in a 4 yr. old mongoloid (42/99).
All liver cells are filled with fat droplets. Sudan IV fat stain, magnification 180
times.

Frg. 72. (Lower right) Congestion and fatty infiltration in a 16 yr. old mongoloid
(40/58). Congestion (black in picture) is severe around the lobular centers; fat is
aceumulated near the portal vessels. Masson stain, magnification 180 times.

gestion, and in a few below 1 year of age this feature dominated the whole
picture (Fig. 69). In the extreme cases (C 94, C 181, 15) there was not
only a uniform engorgement of all the sinusoids, but there were hemorrhagic
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necroses around the central veins. The trabeculae were thinned and com-
pressed and the liver appeared severely injured, as a whole. This high
degree of congestion was rarely found in the older cases. It is hardly re-
markable that about 45 per cent of these should show congestion of varying
degrees, as the terminal diseases and the eireulatory failure at death might
:asily produce this picture.  In almost all the cases, the congestion is con-
fined to those areas which do not show extreme fatty vacuolization (Fig. 72).
However, the opposite distribution was observed in two cases.

Degeneration: 1t appears of some significance that severe cell degenera-
tion is so rarely found in mongoloid livers.  Neerotie foci and limited areas
in which the liver cells appear damaged are frequent, and this is not sur-
prising in view of the fact that so many of the livers show tuberculosis and
signs of terminal infections. Severe generalized degeneration and necrosis
were found in only four livers, two of which were tubercular.

As a supplement to the account given above, it is interesting to mention
the case of a 17 year old mongoloid boy (Case 90) who was clinically re-
garded as a borderline case. He was of normal body length, 159 em. His
brain weight was the only normal one in the whole series. His gonads were
developed better than usual in a mongoloid. His liver turned out to be the
only completely normal one seen in thirty-one livers of mongoloids of over
2 years of age.

The liver of the mongoloid of 2 years or older is a fairly well defined
pathological entity, with its large amounts of fat accompanied, in many
cases, by a definite but limited periportal fibrosis. The question arises
how the fatty deposits can be explained. Tuberculosis 15 supposed to
cause fatty infiltration of the liver and half of the mongoloid patients above
two years of age die of tuberculosis. However, the incidence of fatty
livers is as high in the nontuberculous cases as in the tuberculous cases
(7639). A comparison with a group of 50 feebleminded, nonmongoloid
patients of the same age group showed that fatty infiltration of the liver
oceurred half as frequently as in mongoloids, and again the incidence was
about the same in nontuberculons and in tuberculous patients. Tubercu-
losis, therefore, can only play an unimportant role in the etiology of the
fatty livers.

When dogs are deprived of both the pituitary and thyroid glands, the
liver shows a picture very similar to that found in the mongoloid patient
(Chaikoff, Entenmann, ete.). In these dogs it was seen that the fatty
deposits always preceded the fibrosis. When only the thyroid was extir-
pated, the fatty vacuoles were far less pronounced. On the other hand,
hypophysectomy alone produced a piefure of hepatic cirrhosis which was
accompanied in many cases by fatty deposits (Graef, Negrin, and Page).
These authors believe that it is not so much the pituitary as the stalk and



GENERAL PATHOLOGY 175

the infundibulum which exert an influence on the fatty metabolism of the
liver. However, a connection has been supposed to exist between chronie
brain pressure and hiver fat. It is theoretically possible that chronie brain
pressure acting over the infundibulum or the pituitary itself influences the
fatty metabolism (Ikraus, 1937). Morgan (1937) has demonstrated de-
feets of the hypothalamus of mongoloids, and increased intracranial pres-
sure—mnot spinal fluid pressure— probably exists at some time during the
life of the mongoloid. In addition, it was found that of 8 very fatty livers
of non-moengoloid, mentally deficient patients 4 oceurred in patients with
brain pressure caused by hydro- and microcephaly and in 2 of these cases
the infundibulum was severely damaged (Roosen-Runge, 1946).

The fibrosis may well be due primarily to the fat deposits, as it has been
observed that cirrhosis can be produced in the liver of a dog by prolonged
feeding cf a high fat diet (Chaikoft, Eichhorn, ete.), the aceumulation of
fat always preceding the inerease in fibrous tissue. In these dogs, the pic-
ture of a typical eirrhosis develops gradually from that of fatty infiltration
with imitial fibrosis.  For some reason, in the mongoloid, this does not take
place. However, the mongoloid liver is apparently susceptible to further
injury, and the severe degeneration seen in a few eases is probably due to
this sensitivity.

One of the outstanding factors in the pathology of the liver of mongoloids
i= the complete change in the picture at the age of 1} years to 2 years.
Fig. 73 adds significance to this observation by comparing the ponderal
index of the mongoloid with that of the normal. The ponderal index-
that 1s, the relative weight-—is below normal up to the age of about 11 years.
It is very nearly normal from 1% to 3 years, and from then on for the rest
of the mongoloid’s life it remains at a high level above normal. It is hardly
a coineidence that the liver fat begins to appear with great regularity at the
same time when the mongoloid becomes generally obese. The reason for
this obesity is, in all probability, the deficieney in thyroid and pituitary
secretions. The endocrinological section of this book presents ample con-
firmation of this view.

The mongoloid baby is usually underweight and its endocrine balance is
obviously different, the difference being reflected in the liver. Many of
the livers at this age are normal, but an extraordinary amount of congestion
is found often enough to regard it as a typieal feature. Tt has been demon-
strated that the abnormalities and deficiencies of the adrenals in the mongol-
oid infant bring about many of the characteristic features in its develop-
ment (p. 154). It has also been shown (Conwin) that dogs which are
deprived of their adrenals show great vascular congestion and hemorrhages
around the central veins in the livers. It appears justified, therefore, to
speculate on the possibility that the pathology of the liver of the mongoloid
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infant is correlated with a suprarenal insufficiency. The fact is remarkable
that all the severely congested livers below 2 years of age are very much
underweight. About one third of the livers below 2 yvears of age were found
to be normal.

The weights of the livers are shown in Table 18. Of 34 cases, 20 were
underweight | 8 within normal range and 6 overweight (see normal values of

o

2 3 4 5 6 7 8 9 101 12 13 14 15 16 17 I8 19 20
BIRTH AGE IN YEARS

Fic. 73. Ponderal index (weight divided by 100 times the cube of body length)
The unbroken line represents the normal values designed for citizens of the United
States (Engelbach, 1932). The crosses represent values found in mongoloid patients.
The numbers indicate the number of cases of which the value represents an average.
Crosses without numbers represent individual cases. The picture indicates clearly
that in the first two years of life the ponderal index of mongoloid babies iz far below
normal while after two years all values are far above.

Coppoletta and Wolbach, 1933). When it is considered that mongoloids
are also below normal in height, the low values appear less remarkable.
A few livers, such as C 94, C 181, 139, 58, ete., are very mueh underweight.
C'ase 139, for instance, has a very fatty liver without signs of degeneration
of the liver cells, yet the weight of the liver is only about 75 per cent of the
normal. Little explanation ecan be found for this, but the suggestion is
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made that the small livers are part of the picture of splanchnomieria de-
scribed elsewhere,

The liver funetion of the mongoloid child is not greatly impaired clin-
ically. However, there is a definitely increased glucose tolerance, and the
insulin tolerance curves indicate a tendency to a decreased ability to raise
the blood sugar level (Bixby and Benda). The material fixed for glycogen
preservation, although not conclusive at present, tends to confirm the view
that the mongoloid liver is deficient in glyveogen. Several possibilities
suggest themselves, which together or singly may bring about this de-
ficiency. In the first place, while fattv deposits do not preclude the storage
of glycogen, extreme fat accumulation appears to suppress it markedly.
Second, the adrenal cortex governs the glyeogen storage in the liver and
cortical insufficieney decreases the storage. There are reasons to suppose
that such an insufficiency may play a direct part in the deficient glycogen
storage of the liver in mongolism.

HEART AND VASCULAR SYSTEM

From the viewpoint of general organ pathology, the mongoloid patient
frequently shows an aceumulation of developmental anomalies.  All point
toward the faect that the fetal development has proceeded in an unfavorable
milieu. The genesis of some malformations sugegests that the most eritical
time had been the end of the second and the third month, in which period
a number of important developments should have taken place.

It has been pointed out in Chapter II that the heart frequently shows
congenital defects. Their number is so great that the heart is found ab-
normal in 75 per eent of the infants who die in the first 2 years of life. In
those who survive, about 35 per cent show congenital heart malformations.
The intra-auricular septum shows an open foramen ovale in the majority
of cases. If the defect is restricted to a small hole which admits the passage
of a probe only, it is of no elinical significance. The presence of a real de-
feet in the septum, however, is not rare. Such a defect may be even more
conspicuous in the intraventrieular septum, where some openings measured
as much as 1 inch in diameter. Abnormalities of the arteries, Fallot’s
tetralogy, patent ductus Botalli, and dextrocardia may be found. Little
attention has been paid to the anomalies of the eusps of the mitral and tri-
cuspid valves. The cusps are uneven, short, and the edge nodular. Fetal
endocarditis seems suggested, but there is little evidence otherwise, and it
appears more likely that these nodules are the nodules of Albini, which are
embryonic remnants. This is another confirmation of the general fetalism
of the mongoloid child.

The vascular system as such i1s hypoplastic. All arteries remain narrow,
thin, and the vaseular tree shows fewer branches than in normal controls.
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This i1s conspicuous in the brain. The capillaries appear congested and
enlarged. Hemangiomata in the kidneys, liver, and other organs are not
rare. T'wo children had periarteritis nodosa; one died with the symptoms
of intestinal intussusception with generalized periarteritis. The other
child had periarteritis in the testes and in a few other organs. In mongol-
oids beyond 25 years of age, atheromatosis of the arteries is common.

Lu~ags

It is difficult to say whether or not the lungs in mongolism show certain
peculiarities which are characteristic of this condition. Radiologists who
have to deal with mongoloid patients consider a diagnosis particularly
difficult. Tt is certain that the respiratory mucosa is extremely vulnerable
and susceptible to infections. Tuberculosis is extremely frequent, even
in infants, and 75 per cent of the mongoloids above 10 years of age died of
tuberculosis. The foci are frequently in the lower lobes, and tuberculosis
of the apex is uncommon. Besides tuberculosis, pneumonitis is commonly
found. Tt is almost certain that the lungs are different, but it is not yet,
possible to specify the particular charaecteristics.

Tae THYMUS

This organ was found hypoplastic without exeeption. Hassall bodies
are unusually large and the large category may be the only one present.
If it is true that in a normal thymus, all stages of development of Hassall’s
bodies should be present, the observations suggest that the regenerative
capacity of the thymus is poor. This is further suggested by hypoplasia
of the lymphatic medulla.

INTESTINAL ORGANS

Of the abdominal organs, the liver has been discussed in detail. 1In the
intestines microcolon was found three times among forty autopsies, in which
this anomaly was looked for.

Kipnevs

The kidneys show certain characteristic features which have so far es-
caped recognition. They are small and underweight. This becomes more
conspicuous in the second half of the first decade, when renal infantilism
seems at its height. Development of the glomeruli is slow and they re-
main near the capsule in a distribution characteristic of fetal and early
postnatal life. Interstitial fibrosis, however, seems rare, and one may
state that the organs of mongoloid patients seem generally weak in inter-
stitial response on the part of the connective tissue. TLoose hemangiomata
were found in several cases.
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GENERAL OrRGAN DEVELOPMENT

With regard to the size of the organs, some peculiarities deserve special
attention. In the study of the liver it was observed that this organ was
sometimes surprisingly small for the age of the person and the size of the
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F1a. 74. Correlation chart beiween chronological age, body length, and develop-
mental age of organs caleulated according to weight. Mongoloid girls. The body
length is far behind normal standards and remains between 9 and 11 years, Brain
weights are all below standards for 3% years. Thyroid weights are far below normal
but in line with physical development. The values for heart correspond to the
chronological age. The liver weights are moderately below normal.  Striking is the
splanchnomiecria of the kidneys. Values for the spleen are high and tend to be far
ahove normal.

body. Similar observations could be made on the kidneys. The study
of both organs suggested general splanchnomieria.  The spleen, however,
appeared heavy in many instances. In order to investigate this problem
further, a new method was introduced. Adopting the use of “bone age”
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and “mental age” which are generally accepted terms for designation of
the developmental state of mentality and bones, measurements of the body
size and the organs’ weight were charted according to their “developmental
age.” In this way, correlation charts were made for infants and children

Mongoaloid  Males
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Fic. 75. Correlation chart between chronological age, body length and develop-
mental age of organs caleulated according to weight. Mongoloid males. Body
length lags far behind chronologieal age, bui less conspicuously than in females.
HBrain values are below 4 vears in the majority but two brains are exeeptionally heavy .
Thyroid values are all low. The liver weights are slightly below normal for body
length and Kidney values are still lower. Note that two eases show tendeney to
splanchnomegaly.

according to age and sex. The four charts which follow give a clear idea
of the correlations which were found in mongolism. A quick glanee at the
charts shows that all mongoloids indicate a great retardation in body de-
velopment. The largest height reached by any mongoloid female was the
size of an 11 year child, while most adult mongoloids remained on a 9 year
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level. Maximum size of the males was that of 12 year old boys, with two
exceptions.  Most striking iz the retardation in brain development in
female adults. This does not manifest itself in infants. The mongoloid
male shows generally the same trend, but two cases showed a paradoxical
increase in weight.  Thyroid hypoplasia is more striking in the males than
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Fig. 76. Correlation chart between chronological age and developmental age of
organs of mongoloid female infants. Body length lags behind chronological age.
The brain values are fairly normal in that age group., Thyroid is definitely under-
weight while the heart keeps within the chronological age. The liver weight is below
normal and splanchnomicria of kidneys is present. The spleen shows tendeney to
splanchnomegaly.

in the females. The heart shows a tendency to hypertrophy in both sexes.
The liver is small, even compared with the developmental age of the body,
indicating that the growth of the liver depends on eertain factors which are
suspected of being of endoerine origin.  Hypoplasia of the kidneys 1s also
a general trend. The two males who had a paradoxical brain weight
showed the same increase in weight of heart, liver, kidney, and spleen. In
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contrast to the splanchnomicria of other cases, a splanchnomegaly was
noted in these two. The spleen showed increase in weight in all cases,
clearly indicating that the weight of the spleen as a lymphatic organ de-
pends upon other factors. It may be mentioned that in two mongoloid

Mongolojd Male Infants
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Fia. 77. Correlation ehart between chronological age and developmental age of
organs of mongoloid male infants. Body length lags behind chronological age with
the exception of one case with far advaneed body length. Brain weight and thyroid
weight are not strikingly abnormal. Note the tendeney to splanchnomegaly in two
cases and the general tendeney to inereased weight of spleen.

infants the diagnosis of splenomegaly and hepatomegaly was made at
autopsy, and lymphatie leukemia was found in blood studies.

Cretinism

The general pathology of eretinism reveals certain characteristies which
are consistently found in untreated cases. The number of autopsies,
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however, is so small that no investigator is able to present a complete de-
seription without referring mainly to observations scattered throughout
the literature. Such a literary review is not within the scope of this book.
A few principal observations may be reported.

SKIN

Sinee the first description of the myxedematous skin, which is filled with
“mueinous’ material, there have been quite a numhber of arguments about
myxedema. Several well-known writers have denied the existence of such
a mueinous condition.  In 1931, Reuter presented a study in which he con-
firmed the observations deseribed in the early English literature. The
case with the pituitary deseribed on page 138 presented such an outstanding
picture of myxedema of the skin that a photographic reproduetion will he
welcomed by many readers (Figs. 78 and 79).

A section through the skin of the chest shows that the epidermis appears
negative. The two layers, the stratum corneum (s.c.) and the stratum
malpighii (s.m.), are well outlined. The main site of pathology is the
corium. This layer, normally composed of a network of elastic fibers and
collagenous bundles, shows, in eretinism, a disappearance of collagenous
tissue which is transformed in cwstic spaces filled with a mucinous fluid.
In some cysts this fluid is so stagnant that it forms a brittle, colloid-like
substance, which could easily be mistaken for thyroid colloid. The elastic
fibers in the corium are distended and enclose the eysts.  There is lymphatic
infiltration in the cavities. The hypodermis or stratum subeutaneum (s.s.),
which usually contains a certain amount of fat, 13 composed of fiber hundles
which are coarse and dense and leave little space for fat accumulation.
There is really less fat tissue than in the normal skin.

HEART

The heart in myxedema has been the subject of many studies since H.
Zondek’s introduction of the term “myxedema heart.” Size and weight
of the heart are inereased. The ventricles are dilated, and the heart
musele is flabby. In microscopie sections the fibers are separated by
edema, the cells swollen, and “cloudy swelling” is conspicuous. There is
some moderate lymphatic infiltration. The larger vessels participate in
the dilation and relaxation.

OTHER (ORGANS

The mucosa of the lungs may be thickened.

The liver seems to be smaller than might he expected from the size of
the body. A correlation chart of the developmental age of liver and kid-
neys indicated a retardation in growth similar to that seen in mongolism.
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Fi. 78. (Upper) Skin myxedema in eretinism. S.C., stratum corneum, S.M.,
stratum malpighii, C., corium, 8. 8., stratum subeutaneum. Note large eysts in
corium filled with stagnant albuminous fluid.

Fra. 79. (Lower) High magnifieation of evst in Fig. 78. Note stagnant ““col-
loid"-like fluid in cyst, lymphatic infiltration in smaller cavities. Cysts separated
by thin connective tissue strands. The “colloid® cvst eould easily be mistaken for
part of the thyroid.
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Experimental studies in the influence of the thyroid upon the growth of the
liver suggest definitely that such a splanchnomicria is due to endoerine
factors.  Whether the result is produced by damage of the pituitary, which
is frequently found in eretinism, is not possible to decide. Experimental
thyroidectomy produces moderate increase in liver fat.

The kidneys are also usually smaller in eretinism than in controls of
corresponding developmental age.

The intestines are atonie and dilated.

BIBLIOGRAPHY

Banting, F. G. and Gairns, 8.: Suprarenal Insufficieney. Am. J. Physiol. 77: 100,
1926,

Bixby, E. M., and Benda, C. Ii.: Glueose Tolerance and Insulin Tolerance in Mon-
golism. Am. J. Ment. Def. 47: 158, 1942,

Chaikoff, I. L., Eichhorn, K. B., Connor, C. L., and Entenmann, C.: The Production
of Cirrhosis in the Liver of the Normal Dog by Prolonged Feeding of a High-fat
Diet. Am.J. Path.19: 9-21, 1943.

Chaikoff, 1. L., Entenmann, C., Rinehart, J. F., and Reichert, F. L.: Development
of Cirrhosis in the Liver of Dogs Deprived of Both Pituitary and Thyroid Glands.
Proe. Soc. Biol. Med. 54: 170-71, 1943.

Conwin, Warren C.: The Relationship of the Endocrine Glands to Changes in the
Fat Content of the Liver. Am. J. Path. 16: 675-76, 1940,

Graef, L., Negrin, T. Soc., and Page, I.. H.: The Development of Hepatie Cirrhosis
in Dogs after Hypophyvsectomy. Am. J. Path. 20: 823-55, 1944,

Kraus, E. J.: Chronischer Hirndruck und Leberverfettung. Virchows Arch. f. path.
Anat. 300: 61740, 1937.

Morgan, L. O.: Alterations in the Hypothalamus in Mental Deficiency. FPsycho-
somatic Med. 1: 496, 1934.

Reuter, M. J.: Histopathology of the Skin in Myxedema. Arch. Dermat. & Syph.
24: 55, 1931,

Roosen-Runge, E. C.: Fatty Infiltration of the Liver in Patients with Mongolism
and in Some Children with Hydro- and Microcephaly. Am. J. Path., 1946.
Wieland, Emil: Die Hypothyreosen im Kindesalter. Handbuch Innere Secretion

3: 103. Leipzig, 1928,

Zondek, Hermann: Das Myxoedemhberz. Minchen. med. Wehnsehe. 43, 1918, and
25, 1919.

. Die Krankheiten der Endokrinen Driisen.  Berlin, 1926 (2d ed.).



CHAPTER VII

GROWTH AND DEVELOPMENT OF
SKULL AND BONES

Skull in Mongolism

Ever since human curiosity has made conjectures from the shape of the
skull as to the funetion and aetivity of the brain hidden beneath its bony
envelope, the relation between the brain and the skull has been a subject
of great interest. Phrenology and physiognomy, which flourished at the
beginning of the last century, did not leave the uncertain ground of specu-
lation until 1858, when Rudolf Virchow made the first attempt to study the
development of the skull by histological means. His famous work on
eretinism, in which he explained the peculiar appearance of eretins as being
due to an early ossification of the base of the skull, proved to be mistaken
as far as cretinism is concerned; but his principal ideas about the im-
portance of the synchondrosis spheno-occipitalis and other sutures are
generally aceepted, and numerous reports have followed his work dealing
with the development of the skull.

Fig. 80 tabulates measurements of the normal circumference of the skull
and the circumference of 125 mongoloid children. Three points shall be
stressed in considering the normal growth of the skull. First, there is a
remarkable inerease during the first year of life, during which time the head
gains more than 10 em. in circumference. Second, there is a steady, but
slower increase in size during the next 5 yvears of life; and third, there is a
new impulse of growth after about the twelfth year of life. The growth
of the normal skull continues up to about the twentieth year.

Anatomists are of the opinion that the last period of growth of the skull
does not greatly increase the brain cavity but does increase the size of the
skull through development of the sinus system, especially of the frontal
sinus, through the development of the diploe of the skull and through
periosteal proliferation.

In regard to the mongoloid skull, there 15 a marked difference from the
normal development. At birth the circumference is for the most part
within normal limits. Only a few mongoloids show measurements which
are definitely below the normal. After birth, in the first few months of life,
the mongoloid skull shows a remarkable retardation in growth. At the age
of 1 year the skull does not even reach the size of that of a normal 6 months
old child, and at the age of 2 years the mongoloid skull corresponds to that
of a 9 months old baby. The most impressive fact is that mongoloid chil-

186
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dren need almost 9 years to reach the level of a normal 1 year old baby.
The mongoloid skull stops growth at an age of about 14 years, reaching a
circumference corresponding to that of normal children between 3 and 4
vears old.

Fig. 81 gives more details in regard to the growth disorder of the skull.
It is obvious that the failure in development is due to a marked lack of
growth in length. After two years the mongoloid skull does not even
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Fic. 80. Circeumference of skull, normal development and in mongolism, The
straight line represents standard values; the dotted line observations on 125 cases of
mongolism, Note the great delay of skull expansion in the first year; at 1 yvear the
skull cireumference of the mongoloid baby hardly equals that of a 6 months old child
and at 2 years the skull circumference corresponds to a 9 months old baby, After
that time the skull expands slowly and lags about 2 inches behind the normal.

correspond to that of a normal child of 6 months, and at an age of 4 years
it reaches the length of a 9 months old child. It takes almost eight years
for the skull of a mongoloid child to reach the average length of the skull
of a 1 year old baby, and the skull of mongoloids in our material never ex-
ceeded the length of that of a 3 year old child.

The width of the skull is slightly below the normal. The high cephalic
index is therefore due not to a real broadening of the skull, but entirely
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to the failure of growth in length. One may conclude from these observa-
tions that in mongolism certain factors are at work which espeecially involve
the growth in length.

A better understanding of the growth disorder will be reached by com-
paring it with the normal development from birth to adult life. To a great
extent, anatomists have dwelled upon the changes of the normal skull which
oceur during the period of development and which are persistent in spite
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Fra. 81. Length and width of skull, normal standards and in mongolism. The
two lines represent normal standards. In mongolism growth of the skull in length
18 exceptionally deficient resulting in extreme brachycephaly. The width of the
skull is relatively better developed but remains below normal.

of the encountered variations of familial and racial appearance. In study-
g skulls, one places the specimen in such a position that the so-called
“‘base line” or Frankfurter horizontal (a line which runs through the in-
ferior margin of the orbit hole and the superior margin of the external
auditory meatus) is in a horizontal position. A perpendicular line is drawn
through the alveolar process in front of the face. The skull of the newhorn
infant differs from that of the adult in several points, and it may be useful
to mention a few measurements and proportions which are of importance
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for the understanding of normal development as well as of the mongoloid
growth disorder. Most outstanding in the newborn skull are the large
brain cavity and the small face. Average length, measured from the gla-
bella to the oceipital point, 1= 11.5 to 12 em.; average parietal width (bip.),
9.5 em.  The cireumference of the skull is 34 em., or 13.5inches. In study-
ing the proportions of the face, it 1s noteworthy that the vertical distance
from the vertex to the nasion is twice as large as that from the latter to the
alveolar point. The orbital holes appear disproportionately large in the
newborn infant, and in comparing the height of the orbital hole with the
distance from the lower orbital margin to the alveolar crest one will recog-
nize that the latter distance measures less than the orbital height. The
distance from the anterior nasal spine (acanthion) to the alveolar point
(prosthion) is short but large enough to provide adequate berth for the
developing upper teeth. A last item of interest 1= the position of the trans-
verse axis of the atlanto-oceipital joint. According to Froriep, in the
newborn infant it is in the middle of the base line, the proportion between
the anterior and posterior sections being 3:3. Gro