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child with mongolism



PREFACE

Although it is almost a hundred years since mongolism was first de-
scribed by Langdon Down 1n 1866, scientific understanding of the
condition has developed rather slowly. Mongolism exceeds all other
morbid entities of severe mental retardation 1 number; and institu-
tional admission rates of children with cerebral palsy, birth injuries
and congenital malformations do not equal those of children with
mongolismi. A rate of three to four newborns with mongolism per
thousand births has been reported from some hosputals, and an -
crease of patients has been observed in every country of the world.
This 15 the more alarming because a child with mongolism is usually
bLorn 1nto a normal family, with parents who often are far above aver-
age and siblings who exhibit outstanding mental capacities. Thus we
deal with a condition which tales a heavy toll of the offspring, whe is
expected to be normal and yet fails to achieve an adequate mental and
physical development.

The name “mongolism” 1s unfortunate and misleading because it
has led many investigators astray into unfounded speculation and has
detracted from 1ntensive study of the pathology and etiology of this
condiuon.

1f we consider the child with mongoltsm rather than the variety of
confusing symptoms, we begin to understand that the infant boin
with mongohism is a child whose prenatal development has not been
completed 1n an adequate way A varicty of physical aspects, more or
less evident at birth, indicate some undetermmed interference in the
child’s growth and differentiation. The result is that the child reveals
certain symptoms suggesting that s mental and physical develop-
ment may Jag behind the average in later years Shight as these symp-
toms may be at the time of birth, the diagnosis impllc's that ([w child’s
nervous system has not reached the state of maturation which 1s ex-
pected 1n a full-term baby. The child with mongolism 1s tl{crcl:orc an
infant whose physical and mental endowments and potentialitics dii-
fer from those of the average child He shares with other mcmbcrsAo!
hus family many of the characteristics of both paients, and has in-
herent capability or disposition for further growth and des glnpmcm.
but the constellation of symptoms indicates & certmin impairment of
his potentialities. While the child with cerebral palsy is impatred in

x
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motor activity and often in some aspects of percept‘llon, thf :h‘;ldv :{;\h_
mongolism reveals a deceleration of physical and mer: al develop
ment, with the resnlt that he grows and matures at a slower rate

Eser stnce mongolism was first described, all who came into cfon-
tact with it—parents as well as smemisls—h.awe been baffled by the fact
that one child in a perfectly normal family can differ so much Erom
the other membets. Modern research 15 thus clearly confronted with
two problems: X .

1. To determine exactly why the child with mongohism grows and
develops in a differeat way; and .

9 To determine the underlying causes for such deviations fetal
growth

As to the first problem, the author has collected over a thousand
clinical observations which were further enhanced by a careful study
of 78 postmortem examinations, ranging from newborns to patients
as old as 05 years This material has been systematically assembled
over a perfod of almost 25 years. Some of the findings were first pub-
Jished m 1946 in Mongoltsm and Cretimism, a second edition of
which followed three years later, in 1949, As far as measurements and
anatomic and pathalogic findings are concerned, soe of the earlier
matenial 15 integrated into the present edition. The collected data
have been almost doubled in the past 10 years, however, and only those
observations which could be confirmed in the second 10 year study are
wcluded hete These observanons throw light on the abnormal dy-
namics uaderlying ¢he abnommal growth and development of the
cluld with mongelism The anatomic data explain the structural de-
viations which account for the difference in appearance The organ
pathology, including the anomalies in the endocrine glands—thyroid,
adrenals, gonads and pituary—provides evidence of underlying fac-
tors wiuch interfere with normal growth and functioning. The endo-
crine pathology has been the subyect of much scientific controversy,
l)cc:m§e it has been difficult to confirm through functional tests the
essential disorder of abnormal cell metabolism. And yet the structural
]mhn\m,;'y 1 beyond criticism, and the fatlure of tests to confirm the
(c):;:‘e\rc\::?r‘\;:: :\:; :l\:fe (:‘) thde absence of symproms but to the inad-

s ge the deviations Tmproved technics are begin-
E:ZLi(;?r{’m‘ ide a better understanding of the nature of the growth

The present edtion proyides an almost entirely new chapter on the
central nersous system of patients with mongohism T

he descripti
areaugmented Ly many i i vhi o
4 Ly many illustrations which may faciluate a better un-
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derstanding of the anomalies of the nervous system even for those
physicians, relatives and friends of the child who are not familiar with
neuropathology. On the other hand, the newly discovered observa-
tions throw light on the profoundly abnormal brain metabolism. It
is hoped that a clearer concept of the pathology of the nervous system
will enable psychologists, teachers and even parents to have a better
understanding of the difficulties in behavior and learning which may
be exhibited by the child with mongolism.

The evidence furnished in this book will also facilitate a compre-
hension of the therapeutic difficulties. Not only do we deal with a
deep-seated metabolic disorder of a cellular (molecular) nature,
which must be corrected by adequate therapy, but such therapy must
also overcome an abnormal prenatal development which is irrevers-
ible in some points, And yet, a better understanding of the condition
will enable medical scientists to develop more adequate means of
therapy. The vicious circle in which the child with mongolism is
caught inhibats his development af he is left enurely to his own re-
sources. Therapy has to break this vicious circle at some point, and
stimulation with various supportive treatments represents a first step
in this direction.

As to the etiology of mongolism, the book adds a wealth of new
data to the observations which have been collected by various investi-
gators. All the data at hand indicate that the child with mongolism is
the product of some interference witl: prenatal development. OF the
propounded theories—heredity, spontaneous mutation, fertilization
of abnormal ovum, environmental factors in the early fetal stages—
the accumulated evidence mdicates that hereditary factors as well as
spontaneous mutation can be excluded. The many factors which can
be observed m the prenatal history of the mongoloid cluld provide
circumstantial evidence that the abnormal development depends on
temporary factors present in the maternal organism.

The controversial question of whether these factors operate at the
time of fertilization or n the early stages of fetal development scems
to have been brought nearcr to an answer by new observations re-
ported from France and England and confirmed by successive in-
vestigators in recent months. Chromosoma} lustology of various organ
systems of children with mongolisi indicates that the number of
chromosomes—belicved to be 46 in normal persons—ts altered to 47
in the child who reveals the symptoms of mongolism. These observa-
tions mean that a small chromosomal paiticle, part of the chromaun

structure of the nucleus of the cell, 1s present addition to the
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notmal number of chromosomes. Since the chromosomes are (3‘18 rep-
Tesentatives of the genetic organizers and enzyme systerms, }he 'super-
numerary” chromosome particle 1 thought to interfere with cell me-
tabolism on a molecular level, Much research must still be conducted
25 10 the significance of these obsenations, Suill pending is the ques-
tion of whether such supernumerary chromosome !:varucles ‘may accur
occasionally in human beings without much chinical significance, as
fias been obsersed 1 ammal experiments, Another matter to be con-
firmed is whether this extra chromatin matter has the character of a
true chiromosome of represents a dormant chromatin particle of the
cell nuclews I€ these observations are fully clarified, the fertilization
of an abnormal ovum vesulting in the development of a mongoloid
chnld may be indicated.

Under these aspects, the pathogenetic maternal factors would in-
terfere with normal oogenesis and not operate after fenilization has
taken place, Further research may reveal whether it is possible to
discover the circumstances under which such abnormal oogenesis
takes place. It may be stressed that the discovery of a “gene mutation™
wnt the form of an abnormal chromosome would not paralyze thera-

pennic endeavors but on the tontrary faciittate more rational therapy
to cortect abnormal cell metabolism

The present bool. atternpts (o encompass the wealth of scientific ob-
senations which have been collected by the author and many differ-
ent iy estigators, and which are rarely accessible and surveyed in one
single presentation Each reader may be interested in one or several
aspects of the problem and so is given an opportunity to orient him-
self and find suppottve evidence in different sections of the baok.

The pedratrician and pracutioner who deal with only 2 hmited
number of patients and seldom have an opportunity to see the great
variety of phenomena associated with mengolism may find the nec-

essary daa for o is and an mmd,

of th
<l with this condition. ° ¢ needs of the

The ebstetrtcian, who sees these children first, i
Tecognizmg voe condition ar the time of birth, Anxr;z};rg:szglgfxi‘l;l
edze of the prenatal factors may emable him 0 counsel moth "f-
they seel. advice with regard to further pregnancies. e

Psychologists and teachers who deal with these children
:m‘lnu} and in institutions will learn tn nndeverana

in the com-

& e wed anid, as well as the esents
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which led to the birth of such a child. Many parents will be comforted
to know that the scientific evidence indicates beyond doubt that mon-
golism has no relationship to hereditary disorders, and that a mon-
goloid child can be born potentially in any family, in certain circum-
stances.

Like the child with cerebral palsy who is now generally accepted,
the child with mongolism needs the consideration, love and under-
standing that should be accorded any afflicted individual.



ACKNOWLEDGMENTS

95 vears of researcl, carried out
’ilr;hlchg(}i:’;;rl;;o});;:;ﬁi;no?lmzs{\'izmam State Schoot and since
1917 in the Research Department of the Wal(e.r E. Fema]d“Stat:;
School, Waltham, Massachusetts. Many obsg\'auons were 0 eclte
m the community in various sections of this country and in other

the world

pa;l:zf indebted to the former Superintendent of [hE. Wrentham
State School, Dr. C Stanley Raymond, and to the Superintendent of
the Walier E. Fernald State School, Dr. Malcolm J. Farrell, whose
steadfast 1nterest and support have greatly facilitated the investiga-
tion The research has been aided by the Corporation of the Fernald
School, to whose Trustees I am indebted for their support and con-
fidence,

Since September 1, 1956, Grant B-933 for a study of. “neunropatho-
logical lesions 1 mental deficiencies” has been received from the
National Institute of Neuvological Diseases and Blindness, Bethesda,
Maryland, making it possible to carry out an intensive study of the
central nenous system in mongolism The results are presented in
chapter ¥1 Through the support of the National Institute, 1t has
Yeen possible 1o illustrate the pathology of the nervous system with
17 plates comprising 60 1ndividual photographs and to male these
seproductions accesstble to the scientific world and the public without
making the pnice of the book prombitve.

T wish to express my grattude for the collaboration of my co-
workers in the Jaboratory, whose reliability and devotion were es-
settial 1 this vesearch, [ am especially indebted to my principal sec-
retary, Mrs Dorothy Gillis, for her unuring support, and to Miss
Mildred Schacfer, who assisted in the completion and editing of the
manuscript [ am alsa deeply indebted to Mrs. Bettina Hirsch, the
sentor labaoratory techwcian, who through all the years has conducted
and supervised the tissue pathology. The splendia photographs and
drawings are by Miss Ellen Sinclair, the charts by Mr. Jack Crown
I am also grateful to Mrs Katherine Bakucz, Mr. Orrin Bmdbury’
mul\ wany other co-worhers \.\ho assisted in various phases of the w ork'.

wish to thank my publisher, Dr. Henry M. Stratton, for his un-

xv



avi THE CHILD WITH MO\GOLISM

limited support and generosity in facilitating the reproduction of so
many illustrations. Permission to use a number of illustrations and
figures from AMongolism and Cretinism, edition 2 (Grune & Stratton,
1949) is gratefully acknowledged.

Some progress in research has been reported by me in the Interna-
tional Record of Medicine (165:75, 1952), Quarterly Review of Pe-
diatrics (8:79, 1953), and Archives of Pediatrics (73:391, 1956), to
whose editors I am indebted for permission to use the following illus-
trations: International Record of Medicine, figures 1 and 3, pages 79
and 83; Quarterly Review of Pediatrics, figure 3, page 92; Archives
of Pediatrics, figures 1 and 2, pages 393 and 394.

For illustrations based on other publications, due credit is given in
the text.



CHAPTER I

HISTORY, FREQUENCY, TERMINOLOGY

HISTORY

When Langdon Down published his classic paper on “Ethnic cla§siﬁ-
cation of idiots” m 1866, he described mongohsm for the first time,
characterizing the mongoloid as

a ive of the great

Bornle s Dyt e shoms 2o

han race When placed side by side it is dif-

are roundnsh and extended laterally The eyes are obhquely placed and the m-
ternal canthn more than normally distant from one anotier, The palpebral fissure
15 very narsow The forehead 1s wrinkled transyersely from the constant asststance
which the levatores palpebrarum derne from the ocapito-frontalis muscle in the
opernng of the eyes The hps are lamge and thick with tanserse fssures. The
tongue 1s long, theck, and much roughened The nose 15 small. The skin has a

shght durty yellowssh unge and 1s deficient i elasticsty, gving the appearance of
beang too large for the body

This describes well the appearance of many mongoloid children
between about 5 and 15 years of age, but it does not apply to the
mongolowd newborn, Many 2 mongoeloid baby would escape proper
recogmuon 1f the diagnosis were too strictly based on stigmata glven
above

In the same year, Edouard Séguin, in his famous book on Idiocy
and Jts Treatment by Physiological Methods, gave a precise descrip-

ton ot mongolism, which he considered a subgroup of cretinism. He
nrote

The dowhind acunism of Bagum, Virguma.~with its discrete gouter, jts gray
and dirts strawolared skin, bears the same tehion 0 1oty and imbeality as
the more extensive alpme variety So does the FLRFLRACEOLS CRETINISM with its
milk white Tosy and peeling skin, with ats sh of all the

whach give an unfinished 2spect u the tsuncated fingers and 1ose, with 1 cracked
bips and wongue, with us red, ectopic conjunctiva, comung out to supply the
curtnited skin at the margin of the Jids,

n lhc.:ﬂm\ ¢, Séguin describes in a few words the essentials of the
mongoloid fearares and includes an olsenation which

has escaped
1
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attention for more than half a century. It is interesting that he ex-
plains the epicanthal fold of the mongoloid child as caused by a cur-
tailment of “skin at the margin of the lid.” Had this observation
received greater recognition there would not have been general ap-
proval of the idea that the mongoloid is a kinsman of the Mongolian
race, and many contributions dealing with the strange “retrogression”
to that race would not have been written.

John Fraser and Arthur Mitchell deserve credit for giving the first
scientific report on mongolism. It was presented at a meeting of the
Medico-Psychological Association, held at the Royal College of Phy-
sicians, Edinburgh, December 14, 1875, and published in July, 1876,
in the Journal of Mental Science. It is mteresting to note that when
Dr. Mitchell first called Fraser's attention to the case which he pre-
sented, he was not aware of any literature on the subject. Mitchell,
then Commussioner of Lunacy, said that this condition was known by
the name of “Kalmuc idiocy,” which he described as “a form of 1diocy
rarely met with in asylums, but nevertheless not really uncommon.”
The term was rejected by Dr. Ireland, who discussed Fraser's paper,
and by the chairman of the meeting. Fraser defended 1t “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 description 1s a masterptece of chinical observation, and he cov-
ered every aspect of the condition thoroughly Mitchell presented
notes on 62 cases arranged according to age groups, emphasizing the
short life span and brachycephaly, which he considered “almost in-
variably found.” He noticed no hereditary factor, and no hinship of
the parents, but observed bad health dunng pregnancy 1n a great
number of cases. “The mental state is as distinct, as pecuhiar, and as
steady as the physical. If the patients were brought together, they
wounld be found to resemble each other strihingly in personal ap-
pearance. But more than this, they would also be found 1o resemble
each other in character, in capacity, in likings and dislikings, i hab-
its, in defects, in aptitudes.” Mitchell recogmzed that these patients
were not cretins but that they had some aspects in common with the
“cretinoid” idiot

In 1877, Ireland included the mongoloid as a special type m his
book on Idiocy and Imbecrlity. Shuulc“\'onh in 1866 pownted our that
these patients are in fact unfnished children, n:xf.l 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 «anse has de-
pressed the maternal powers, and there has been a defec t‘ of formatne
is remarkable that, in my experience, n_c:lrly one half of these

force. It i 1 ;
chuldren are the last born of a long family. ...
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The knowledge of mongolism inc;']e‘alsa:l Stelad‘lizl:hstzcul%l:: lz‘:axll_:(:lel;s;
of Anglo-American publications which dealt w o 801)
i he mouth and jaws (Robert Jones), the eyes ) 5
:lez la:wl:d: (Telford Sm{th, 1896), and the heart (Th()x'nson ;End Gl;re
rod, 1898). In Amenica, AWilmarth carried out extensive wor ; on he
pathology of idwcy as carly as ]?85, 1886 and }1890, whe? he p(\il d
lished a survey on the examination of 100 brains of feeble-minde
n .
dull(dlr’c worthy of note that ahhough Yzm\me\'\‘.\.e's great ploneer work
on wmental delictency was begun 1881, he did not dea{l with mon-
soltsm until 1900; after that, his publications on the subject follm.\cd
each other at yearly intervals. Kassowitz (\'ienna). took up the subject
in the same year and studied its relavonship to infantile myxedema.
Much nterest was centered on the differentiation of mongelism

sauesiny, UL LISEISUX
would esell Lo e 1

C

el

erg, Keverdin and ‘T'heodor Kocher, cretinism

and wuy s, Aluwugh there are numerous contributions, the re-
ports usually deal with only a few cases or with a single aspect of
the condition. Considerably more material has been collected per-
taining to the relationship between mongolism and maternal age,
but even on this subject the mterpretation is still a marter of argn-
ment

Brousseau presented the available material for the first tme in
1928 Hus monograph offered a thorough revies of the literatare and
the many aspects of the condition but did not attempt to underline
the medical problems

At almost the same time (in 1929) van der Scheer published a
German monograph which summarized his studies in Holland, The
book abounds in personal experience. Unfortunately, van der Scheer
comuutted himself to an terpretation of the whole pathology, which
he explanied on the basis of a narrow amnion sac that pr; ents the
fetus from full development The “amnion sac theory,” now associ-
atetd with van der Scheer, 15 litle supported by facts, and obscures
the menas of this pubilication, which rest on 1ts abundance of clini-
cl matenal,

The medecal mterest in mongolism garhersd maw- .. -
Yot Geyer #1ner

al mongotien
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dition since it was based on very limited material. M. Schachter's
Spanish monograph, EI Mongolismo, followed in 1913, In 1946 the
present author published the first complete American monograph
(second edition, 1949) from a biological-medical point of view, ana-
lyzing the clinical pathology, neuropathology and endocrinology of
mongolism and cretinism and comparing the two conditions. A
smaller monograph was published in England by M. Engler in 1951,
FREQUENCY

Studies on the frequency of mongolism fall into three groups: (1)
the ncidence of mongolism among newborns; (2) the incidence
among other forms of mental deficiency; and (3) the number of mon-
goloids living within the total population.

1. In order to be reliable, figures on the frequency of mongolism
among newborns should include those mongoloids who are stillbom
and those who die soon after birth. Beidleman made a study at the
Boston Lying-in Hospital and reported that in the 14 years between
1930 and 1914 an average of 3 4 mongoloids per 1000 births was
found with surprising uniformity. These statistics were based on
birth records in which mongolism was grven as the primary cause of
death. Unfortunately, only in very modern teaching hospitals 1s the
diagnosis of mongolism made at birth, and even then probably m
no more than 95 per cent of the cases. If the chuld dics at birth, the
registered diagnosis is usually congenital heart disease, prematurity
or asphyxiation, and not the underlying condition of mongolism. Not
all studies report such a Iugh figure as the Boston study, however.
Allowng for the cases that are etther not recogmzed or not registered
as mongoloids, 1t seems safe to assume that there are 2 to 3 1nstances
of mongolism among 1000 births in unselected material.

Whether the ncidence of mongolism varies with different geo-
graphic areas 15 not yet clearly established It will be lower, naturally,
in hospitals in which there is a rather young group of mothes giving
Dirth. A recent study by H W Kalb compares different statistics,
and comes to the conclusion that the frequency falls anto a rather
narrow range.

Tle frequency of 2 to 3 mstances of mongolism per 1000 births
includes mothers mn all age groups. That mongolism has a direct
relationship to the age of the mother has been well established, Figure
I represents the frequency of mongolism according to maternal age.
From this table it s obivious that the incidence of mongoloid births
svaries between 1.25 and 168 per 1000 births among mothers who
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AGE OF MOTHER
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—Frequenty of mongohsm i relation to the age of d}c mc_i.her. Ina
ol n;tgmu;? of 20 to 21, the frequency of mongolism is 125 per 1000
irths The frequency rises slowly but steaduly to the age group of 35 to 29, "-'n
which ume 8 5 per 1000 mongolotd births are to be expected. At a maternal age
of 1) ta 41, the percentage Hses to 29 per 1000, and at an age of 45 2nd over, as
many as 91 per 1000 new born may be expected At a maternal age below 20,
the madence of mongolism is shightly higher than 1n the 20%s, and newer data
mdcate that thes difference may be of sutstical sygnificance.

are 18 to 20 years of age. After the age of 30 there is a definite rise

the
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are mongolowds, and ;45 years, the incidence will be 91 per
thousand!

In figure 2 we have attempted to compile the actual number of
mobgolowds born in the Unuted States, based on the national birth
rate of 1956 The statistics would lead us to estimate that 11,700
mongolowds are born m one year. Local statistics seem fo indicate
that almowt 400 mongoloids are born each year in New York City
alone,

2 Studies of the incidence of mongolism among other forms of
mental defiiency have several limitations. The significance of each
swdy depends on many factors: what other forms of mental deficiency
are used for comparison; whether the seatistics are obtained from
msuations for the memally defective or from outpatient material;
what age level is being considered. The age of the group selected
for conssderation is cracial, for the distribution of anomaties may be
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dition since it was based on very limited material. M. Schachter's
Spanish monograph, El Mongolismo, followed in 1943, In 1946 the
present author published the first complete American monograph
(second edition, 1949) from a biological-medical point of view, ana-
lyzing the clinical pathology, neuropathology and endocrinology of
mongolism and cretinism and comparing the two conditions. A
smaller monograph was published in England by M. Engler in 1951.
FREQUENCY

Studies on the frequency of mongolism fall into three groups: (1)
the incidence of mongolism among newborns; (2) the incidence
among other forms of mental deficiency; and (3) the number of mon-
goloids living within the total population.

1. In order to be reliable, figures on the frequency of mongolism
among newborns should include those mongoloids who are stillborn
and those who die soon after birth. Beidleman made a study at the
Boston Lying-in Hospital and reported that in the 14 years between
1930 and 1914 an average of 34 mongoloids per 1000 births was
found with surprising uniformity. These staustics were based on
birth records in which mongolism was given as the primary cause of
death Unfortunately, only in very modern teaching hospttals 15 the
diagnosis of mongolism made at birth, and even then probably in
no more than 95 per cent of the cases. If the child dies at birth, the
registered diagnosis 15 usually congenital heart disease, prematurity
or asphyxiation, and not the underlying condition of mongolism. Not
all studices report such a high figure as the Boston study, however.
Allowing for the cases that are either not recognized or not registered
as mongoloids, it seems safe to assume that there are 2 to 3 instances
of mongolism among 1000 births in unselected material

Whether the inadence of mongolism vartes with different geo-
graphic areas is not yet clearly established Tt will be lower, naturally,
i hospitals in which there 1s a rather young group of mothers giving
Dirth. A recent study by H W, Kalb compares different statistics,
and comes to the condusion that the frequency falls mto a rather
narrow range.

The frequency ol 2 to 3 mstances of mongolism per 1000 births
includes mothers 1 all age groups That mongolism has a direct
relationship to the age of the mother has been well established Frgure
I represents the frequency of rrxor)goli§||| according to maternal age.
From this table 1t 15 obvious that the incidence of mongoloid births

aries between 1.25 and 1.68 per 1000 births among mothers who
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—~Frequency of mongolism in relation to the age of the m«':dmr. Ina
mf:fmhg‘;‘muf of 20 to 24, the frequency of mongotism is 125 pet T
Dirihs The frequency nises slowly but steadily to the age group of 35 o 31. :1
which ume 85 per 1000 mongoloid births are to be expected. \t 3 maternal age
of 40 ta 44, the percentage fises to 20 per 1000, and at an age of 45 and o 3y
many as 91 per 1000 new horn may be expecied Ata nn:'r!nﬂ age below 26,
the incdence of mongolism is slightly highc{ llu:{\ in the 20, and hewer daty
mdicate that this diflerence may be of saatistical significance,

are 18 1o 29 years of age. Afrer the age of 30 there is a definite tise
in the curve; and in the maternal age group between 33 and 39, the
incidence has already risen to 8 5 mongolowd births per 1000 In the
maternal age group of 40 years and older, 29 infants per thousand
are mongoloids; and ar 45 years, the incidence will be 91 per
thousand!

In figure 2 we have atempted o compile the actual number of
mongolods born in the United States, based on the national birh
rate of 1956 The statistics nould lead us to estimate thae {1,700
mongoloids are born in ane year. Local statistics seem to indicate
that almost 400 mongoloids are born eack year in New Vork Ciy
alone

2 Swdes of the mcidence of mongolism among other forms of
mental deficiency have several limutarions. The significance of cach
study depends on many factors: what sther forms of mental defy iciency
are use@ for comparison; whether the stacistics are obtained from
mstimtions for the mentally defective or from outpa,
whay age Ieve} is‘bemg considered ‘The age of the group selected
for consideration is crucial, for the distribution af anawmalies may bhe
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F16. 2—Esumated number of children born with mongohsm n the United
States according to the different maternal age groups. It appears that about 12,000
newborn are afflicted each year in the United States

significantly altered over a few years by the life expectancy curve of
each anomaly. In addition, some cases not associated with striking
physical anomalies are not recognized in infancy and escape diagno-
sis for some years.

One picture of mongolism as it occurs among all forms of mental
deficiency mught be presented according to statistics from New York
State, where all siate schoo! adnusstons are registered according to
diagnosis.* Between April, 1947, and March, 1955, there were 12,066
admissions to state schools The combined famihial and undifferen-
tiated cases accounted for 62.9 per cent, mongolism, 98 per cent
post-traumatic, 6.6 per cent, postinfectious, 3 1 per cent, and mis-
cellaneous, 6.2 per cent.

3. No authontative count of the number of mongolmd persons
currently living in the United States is avatlable Even an esnmate
is difficult, as accurate birth statistics are not obtanable and the mon
golowd's life expectancy has not been rehably calculated Twenty
years ago, a Canadian publicauion stated that only one m four mon-
goloid infants saw his first birthday. The mortalny rate of mongolowd
children has decreased, however, to such an extent that a hie ex-
pectancy of 30 years s a consenvative estimate. At present, the oldest
Lnown mongoloid patient in an institution 1s over 71 years old

¢ Acta Gencuca et Statistica Medica 5 304, 1955
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“That mongohsm is generally increasing cannot be s(nlcd.dcl'[llllil)'.
but several statistics from European countries scem to point in ; hat
direction, It remains to be scen whether the greater number o 'xc;
ported cases is due toan actual 1nCTEase OF 10 MOore accurate reporting
of the condition.

TERMINOLOGY

The time-honored name “mongolism” js so well established that
1t will be many decades before it will disappear (('m“ the nomencla-
ture and be replaced by a truly seiennific term. Ne crtheless, an at-
tempt should be made to achieve unilormity of terminalogy :I.ml [
eliminate inaccurate and misleading expressions, The term “mon-
gotond” efers to the Mongol-"like” appearance of shese patients It
cannat be denied that there 1s a superficial resemblance to III(’IIIl)C'ﬂ
of the Mongolian race 1n a number of cases, especially at a certain
age, but 1t 15 incorrect to designate these children as “Mongolians.™
Even less appropriate is the term “Mongol” for this refers to the
lumtted group of —~--'- * 7T T

Early members h .
objected 1o “mck "

golian” because ne 1s no more a Kalmuc than any other humar
being ™

The term “unfinished children,” wmtroduced by Shuttlevorth, was
improved upon by John Thomson, who changed it to "ill finished.”
R Bennett Bean described the mongoloid as a “hypomorph white
type.”

The need for a better scientific expression is urgent in view of
the fact that mongolism has been recognized in Negroes and Indians
and is not rare 1n Chinese and Japanese children. Chinese doctors
point out that they can distinctly vecognize the condition in therr
Ppopulation, but the term “mongolism” is certainly inadequate in
such cases.

Yr9m an ar{ato{nic pont of view, mongolism Tepresents a growth
deficiency which is the opposite of acromegaly. A more appropriate
term, “congenutal acromicria,” was first used in 1907 by Arnthur
Schuller, who thus emphasized the characteristin mrnn = *

Posed 1 vha nae- -

In gre

been . '
Tepor

“acromic

mental ¢

wuaaliu other bony structures
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whose development was “in opposition to acromegaly.” As early as
1924, A. Lauche showed by histologic studies that the disorder of
osseous growth in mongolism represented an acromicria. The present
author demonstrated in 1940, through anatomic studies of the skull
and extremities, that the term “acromicria” would indecd most ade-
quately point out the growth deficiency.

This independent agreement of a number of investigators in the
fields of pediatrics, radiology and histology indicates that the name
“congenital acromicria” is well chosen.



CHAPTELR 11

THE DIAGNOSIS OF MONGOLISM
AT BIRTH

Mongolism 1s prescnt at binh, Thus the :m.mn.ﬂms \\lu(!\l are .cx;-
compassed m the term muist have dc\c.lolml in llx_c prenatal pertod,
This face has two important impheations (l). We are nat able to
study the events leading to mongolism in their very first stages be-
cause they ocenr i a child who s still tn utero, hidden [mn\' the
outside Hence the manifestations with which we deal are velatively
Tate effects of the noxtous factors which have erfered with normal
deselopment and differentiation, and which lm\cvdmn:\cd 1hF struc-
tural relationshups of the orgamsm and its functional coordination,
(2) The newborn afllicted with mongolism suffers from the effects of
a situation which mterfered with normal fetal growth for at least
several months Accumulated circumstantial evidence, to be discussed
m detal m Iater chapters, nthcates that the child who has developed
mongolism has been subjected to deleterious conditions roughly from
the beginmng of the fifth week on. Tlis does not necessarily mean
that the novions factors eading 1 mongplism eperate only from the
fifth week on, because 1t usually takes some time for any marginal
pathogenic agent to exercise uts [ull influence Whether the eritical
penod 1s cansed by externat factors or is due to genend imadequacy
will also be discussed 1n a later chapter.

In order to understand the condition called “mongolistm,” one has
to ansuer the question, what is mongolism at birth? Tt may be siated
at the beginmng that the old-established “charactemstics” of mon-
golism—the Mongolian expression, the slanting eyes, the epicanths
—are the least reliable symptams A large percentage of normal new-
borns (particularly in those by areas with M lian racial
admixtures) have epicanthal folds, especially if the nose bridge is
flac Th_e mongolord expression is often abisent, and the cxaminer who
bases his diagnosis of mongolism on such symptoms will miss the

majorty of‘ cases Al of the later etents can only be understood if
x;e c | the Initial inhibitions of development which mani-
est themselves in their early stages at the time of birth.
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Figure 3 is a diagrammatic comparison of the prenatal deselop-
ment, from four and one-half weeks of gestation to a full-term birth,
of a normal child and a child with mongolism. The lower column
illustrates the characteristic deceleration (slowing down of normal
development) of differentiation and growth which occurs in mon-
golism. The critical stage begins a few weeks after fertilization and
results in suppression and delay of developmental processes which
are essential to normal functioning.

The mongoloid newborn shows a great number of deviations from
the norm, often not too conspicuous, which vary in extent and dis-
tribution. Frequently these deviations are overlooked, and even the
obstetrician is unaware of the condition. Many pediatricians are un-

Aeas  Guents J e

Fic $~Drenatal development from 132 weeks to birth Upper line normal
differentiation and growth. L.ou'(r !mf'.lll'rckmlmn of normal deselopment Jead
ing to mongolism. The “entical stage” indicates the pertod an which she chromo
somal, nuclear dysfunction scen in mongolism results in muulnl( (I)!(llr;’!m‘m
and deccleration of differentiation and development (heart, hands, eyes. bran,

general growth)
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able to establish the diagnosis with aceuracy, often delaying a dedis
ston for three to six months—and jet the diagnosis of mongolism tan
¢ established at birth. .
bc:{;?:: i:\:uiry at several Wying-in hospitals, this imestigator came
to the conclusion that the most rehable symptom of mongolism at
brrth 15 the general hypotonia or flabliness ol lll(:‘ newbon, the lack
of normal muscle tonus and stimuli sesponses \\\uc\_\_mu hie expected
at that age The lypotoma, or "dmnblc~jmmglum. of the newhormn
15 2 manifestauion of cerebral i 1ty. The normal tonus of the
newborn ndicates that the nervous system has reached a dcwlup-
mental stage which 15 "normal for term " As will be dumzm\r:\lcd in
alater chapter, the central nersous system of the mongolaid new horn
has not reached this stage and lacks motor and sensory readiness for
extrauterine life. It may be emphasized at this point that the funda-
mental deficiency 1 mongolissm is a condition of the nervous system.
The presence of mental subnormality 1s essential for the diagnosis
of mongolism, but ali of the other characteristics associated with

mongolism are maidentals which complete the picture of a feta)
gronth disorder.

If a hypotonic child, a suspected mongoloid, is examined carelully,
2 number of deselopmental anomalies may be notced which imolve
all areas of the orgamsm and several dilerent organ systems One
has to understand that mongolism 15 not a growth deficiency which
msolies one specific system alone; rather it appears to be the result

of a fundamental disorder to which the fetus is subjected and which
affects all metabolic processes.
harastae -« - -
C The
=Y . T were
stu

sor assinut lontanel m a lang child s
aresidue of the membranous skull, the owsification of which has Fajled
t0 a large extent.
The condition of the shull sutures is of great diagnostic value. It
1 hnown that 1n mongolism the anterior fontanel is unust
:ﬁd closes after great delay. It has not yet been noted, however, that
su i
tures may be separated, and that 1n palpating the skull bones

one may find that the sagittal suture j imati
3 g Is not 1n approximation and
Ppatietal bones are sepatated PP he

Ve am or more. Th

e 3 e frontal suture,

:‘ormally Dot present at birth, may be palpated down to the nasion

th several months after birth. The same delay is recognizable about
€ posterior fontanel and the satures which ¢
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DEVELOPMENTAL STAGES FROM FIFTH WEEK TO BIRTH

Fic. 4 —Nine arcas of developmental retardation most conspicious an mon
golism (From Bendi. Mongolism. A compreheusive res jew Arch Pediat 77 397,

1936.).

(Legend continuied on facing page)
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Fig 5a D
Fic 5~Supenor view of the cahana o

Mongolism A comprehensive rexiew, Arch Pedrit. 73391, 18%) (1) (frontal
bone down) shous the extremely large “anter

{ two mongoloid inlants (From Bendas

rior fontanel * Ossification of mem
branous skull incomplete, Jeaving a much larger arca unosificd, Membranous
skull grows from the sutures, whidh act like the cpiphysis of the long bone. In
mongolism, normal growth 15 delayed and the sutures are usually gaping (5)
(frantat bone up) shows skull of another mongolowd infant (age, 6 months)

Normal growth of the membranous skull bones proceeds in pro-
Iiferatrve ossification The delay of closure of the fontanelles and
the open sutures ate due to insufficieat growth activity at the margins
of the flar bones.

Uswally the nose bridge 1s depressed, and the nose and upper jaw
are short. The palate shows anomalies which are extremely charac-
tensuc of mongolism, and yet these anomalies have reccived little
attention The palate shows Ratness inside the dental ridge, and a
lugh elevation in the midline, forming what is called a “stecple”

Fic 4 (Continued)—Column 1 Developmental stage of fcus at 3 weeks

There 13 some arcumstantial evidence that the organegeneuc period s Larly
normal up 1o that time, and the d

J: stage of the
differ exsentially from that of other fetuses

1 does not
Columns 2, 3,4 Deselopmental stages at 3 months, at 6 months, and at term,
respectiely

Column 1

mine aspects fy abnormal in fismm: (ot
large antenor fontanel and apen sutures, small slanti
showt T,

(d)
ng orbuts, epicanthal folds,
o ‘sm:\\ mowth, {B) consincted Tacial featurcs, underdeseloped nosc,

ort thick necks (€) feral

underdeveloped, imma.

g toe and sceond roe;

g st paidte, ta and broad wside demtal Tidge, higharcued mdl

(H) ncomplete sex differenttation—Iefr, male small pents, often abmormal s
tum, right, female protrudmg clitoris, underdes eloped munor lalua, large pouch

major labiag (1} patent foramen ovale, septum defect e poucy
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palate. The remarkable aspect of this matter is that the palate can-
not be described as flat or high, but as a combination of both. An
explfm:mor_l of this unusual feature can be found in embryonic
studies, which show that the human palate is formed from two lateral
processes which grow in a horizontal plane toward the midline, while
the roof of.the palate is formed from the lower surface of the nasion.
In mongolism, the bones connected with the nasal cavity a1e under-
developed and fail to reach the appointed level between the lateral
processes of the palate. Hence, unable to form a moderately curved
arch, the palate displays this combination of Ratness and extreme
elevation. In earlier studies this writer stated that cleft palate is
relatively rare, but a number of cases with cleft palate has been ob-
served since that time. A cleftlike formation of the palate is also
seen, although the roof is not actually patent.

An analysis of the skull formation of the mongoloid infant demon-
strated in anatomic and radiologic studies that the formation of the
shull basis and facial bones constitutes the essential pathology of
mongolism, regardless of the degree and variations n which 1t oc-
curs, This anomaly is a growth deficiency in which certamn areas of
the facial skull are underdeveloped.

Nature as an architect follows two lines of development in com-
pleting the human skull. the formation of the “cercbral” skull, or
the envelope of the central nervous system, and the formation of the
“visceral” shull. The former provides support and protection for
the central nervous systein, and the latter a strong apparatus acting
as a receiving and screenmg station, composed of the oral and nasal
cavities and their supporting structures. The development of the
cerebral skull during the second to fifth month of gestation consists
prnimarily of the formation of the so-called basilans crani, a com-
posite of numerous bones which serve the bran as a supportive floor
and form the axis of the whole shull. Sice the bram does not yet
need the outer armor and has stll to pass through the birth channel,
which necessitates mobulity of the protecting surface, the ossification
of the membranous emvelope lags far behind the stabthization of the
cartilaginous foundation. However, since each ammal (including
man) needs, from the day of birth on, a strong oral system for pro
viding the organism with food for its mamtenance, Nature takes
great pains in developing and stalalizing the mastcatory-rhnal sys
tems early so as to withstand the outside stress as soon as 1 arises
Each line of development (of the cerebral and visceral skull) follows
a rather independent course for a time, but the two systems are hinged
it Lody as the central supporting structure m wluch

upon the sphenoi s ct .
the visceral and cerebral shulls are joined together. The sphenoid



Fic 6 —(From Benda, What 1s mongolism® (congemital acromicri) Internat.
Med 165 75, 1952 .

R‘f,v Embryo® (47671) Calculated age, 16 weeks (G) cluvus, (F) ethmoid, (1)
hard palate; (Pi) prevutary, (S) sphenoid body, (T) tongue. Nose clius and sphe-
nowd body wath partial ossification, anteror sphenoid and ethmoid with crista
carulaginous, hard pafate 1s firm and pirually osufied. tongue within mouth
behund masillary ndge R . .

B Embryo® (47706). Calculated age, 19 weeks Lettering same as in .1 Note
progress 1 osstficatton and mcrease in size of sphenod and ethmord bones.

C, Diagram of normal adult skull, Lettenng same as m £ Note desclop-
ment of sphenord and (rontal sinuses, great ncrease in development of sisceral
skull

D Mongolmd premature stllborn Lettering seme as 1 4 Note smallness
of divus and sphenotd Lody, shortness of antersor cavity, upright grading; short-
ness of visceral skull, short, thick hard palate; tongue too big, protrudes between
Jaws (For actual measurements, see text )}

E Fre months old mongolowd baby Lettering same as in .I Note shortiesy
of disus, abnormal posution of sphenoid, shortness of anterior skult cavitys short
ness of hard palate, with tongue protruding,

F Mongoloid skult of patient about 20 years of age {compare with €} Letter.
mg same as in 4 Note shortness of chivus, abnormal position of sphenaid,

remnants of cartilage 10 sphenosd, shortness of anterior anty, smallness of
maxilla and shortness of hard palate The configuration of

the skull is essenually
the same as 1n the newborn, and the visceral skull has not participated w the
eviensne posinatal visceral development seen in the normal
* By couttesy of Dr Asthur T Hertig, Lying In Hospital, Boston, Mavs,
15
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palate. The remarkable aspect of this matter is that the palate can-
not be described as flat or high, but as a combination of both. An
explanation of this unusual feature can be found in embryonic
studies, which show that the human palate is formed from two lateral
processes which grow in a horizontal plane toward the midline, while
the roof of the palate is formed from the lower surface of the nasion.
In mongolism, the bones connected with the nasal cavity ae under-
developed and fail to reach the appointed level between the lateral
processes of the palate. Hence, unable to form a moderately curved
arch, the palate displays this combination of flatness and extreme
clevation. In earlier studies this writer stated that cleft palate is
relatively rare, but a number of cases with cleft palate has been ob-
served since that time. A cleftlike formation of the palate 1s also
seen, although the roof is not actually patent.

An analysis of the skull formation of the mongoloid infant demon-
strated in anatomic and radiologic studies that the formation of the
skull basis and facial bones constitutes the essential pathology of
mongolism, regardless of the degree and variauons in which it oc-
curs. This anomaly is a growth deficiency m which certain areas of
the facial shull are underdeveloped.

Nature as an architect follows tnwo lines of development m com-
pleting the human skull* the formation of the “cerebral” skull, or
the envelope of the central nervous system, and the formation of the
“visceral” shull. The fermer provides support and protection ‘for
the central nervous system, and the latter a strong apparatus acting
as a recciving and screening station, composed of the oral and nasal
cavities and their supporting structures. The development of the
cerebral shull during the second to filth month of gestation consists
primarily of the formauon of the so-called basitlars cranu, a com-
posite of numerous bones which serve the bram as a supporuve floor
and form the axis of the whole skull. Since the brain does not yet
need the outer armor and has sult to pass through the birth channel,
which necessitates mobility of the protectung surface, the ossiication
of the membranous emvelope lags far behind the stabibization of the
cartilaginous foundauon. However, since cach animal (includimg
man) needs, from the day of turth on, a strong oral system for pro-
viding the organism \}'uh food for aits maintenance, Nature takes
great pains in developing and stabilizing the mastieatory rlunal sys-
tems carly so as to withstand the outside stress as soon as 1t arses
Lach line of development (of the cercbral and visceral skull) follows
a rather independent course for a ume, but the two systems are hanged
1enoid body as the central supporung structure in whech

upon the spt | c
i ¢ and cerebral shulls are joued together. The sphenond

the visceral
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1n the abnormal shape of the mouth, in » hich the palatal processes
are short and arched; this is a very typical feature, The underde-
selopment is further evidenced internally by the I.n(cr:lll) slanting,
exgshaped orbit liotes, and externally by the stanting palpebral fis-
sures .

At birth the mongoloid shull does not yet hase a definitely brachy-
cephalic shape, but the fronto occipital diameter (,mmmlly 115 to
12 cm') appears somewhat shortened, though not in alt eases, The
width of the skull (biparietal diameter, nonually 9.5 cm.) is normal
or slightly subnormat, The circumference of the skl is, therefore,
within normal range but below average (31 em., or 1334 inches).

Duagnostically, the formation of the eyes is one of the most con-
spicuous anomalies. The mongoloid has short palpchral fissures
which slant upward toward the lateral edge. At the medial corner
the angle is covered by a skin [old, the “cpicanthus” (epi, above,
canthus, angle). However, it 1s interesting to note that this epcanthal
fold is entirely different from the Mongolian epicanthus, which is
due to the averlapping of the eyelid fold above the margin of the
eyeld (fig 8). The eyelid of the mongoloid child is formed as in
every European person, but has a sickle-shaped skin fold, plica mar-

gunalis fetals, which runs around the medial angle of the eye and

anlfl(GC)sx;;:)gr;?:::ln;;fg:(:r’?;l €3¢ 1n (4) European races, (1) Mongolan races,
e 100 ol e um]“e&'u’lp)c'nor palpebra 15 duided nto the pars or-

palpebrals superior (40) 1y Futopes which are separated by the sulcus orbitn-

15 covered by 2 skin fold niea —
shin of the pars orbita
the medial angle, also !
which normally disap

mongolods for maty e,

e wul persists in
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Fi6. 7.—(From Benda What 1s mongolism? (congental acromicrny luternat
Rec Med 165 75, 1932) (A, abore) X-ray, lateral view of mongolond premature,
sullborn Note extreme dorsoflexion of sphenoid, shortness of anterior canity, re-
traction of nose brdge and smallness of manilla (. below) X rav of newborn
mongoloid Note emmaturity of shull with gaping sutures, retroflexion of sphenord,
shortness of anterior cavity and mailla

body is composed of not less than 11 different osstficanon centers:
through an claborate schedule 1 the umetable of ossificatton and
stabnlization of the various joits, the normal shull achieves the align
ment of the final specific human face. It 15 not surprising that any
delay in this timetable, cven a few days or wecks, may upset and
disturb the whole inner relationship of visceral and cramal skull
Thus, an analysis of the skull anomalhes found in newborn mon
goloids indicates that the bone growth has andergone a temporary
interruption, resulting in an underdevelopment and shortenmg of
the facial bones. This underderclopment is permanently mamfested
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in the abnormal shape of the mouth, in _\\'hich the palatal processes
are short and arched; this is a very typical feature. The wnderde-
velopment 1s further evidenced internally by the ]..ucrnﬂy s.l.nu‘u;".
egg-shaped orbit holes, and externally by the slanting palpebrat fis-
sures .

At birth the mongoloid skull does not yet have a definitely brachy-
cephalic shape, but the fronte-occipital diameter (normally ll.ix'ln
19 fm ) ansaner came s tow emeeest oy inall cases The
9.5 em.) is normal
- shull is, therefore,
within normal range but below average (31 cm, or 13% inches).

Diagnosucally, the formation of the eyes is one of the most cane
spictous anomalies, The mongoloid has short palpebral fissures
which slant upward toward the lateral edge. At the medial corner
the angle 15 covered by a skin fold, the “epicanthus” {epi, abose,
canthus, angle) Howeyer, tt is interesting to note that this epicanthal
fold is entirely different from the Mongolian epicanthus, which is
due to the overlapptng of the eyelid fold above the margin of the
eyelid (fig. 8) The eyelid of the mongoleid child is formed as in
every European person, but has a sichleshaped skin fold, plica war-
ginalis fetalss, which runs around the medial angle of the cye and

FI6_8 —Formation of external cye m (d) Euro,
pean races,
r;ndl((lzplg(;ngo(limd patients The superior palpebra is dus
ttalis (PO) and the pars wrsalis (PT), which are separated by i
palpebralis supenor (SO) In European races (A), e pa i oy e

(B) Mongotian races,
ded into the pars or.

posed In Mongolian Taces (B), the pars orbrtals

with a skin fold, (PO)'O‘

, the pars tarsabs 1s therefore not svisibl

patient (C), the upper pal i i

(A exponng the s s o the spper o e e e
covered by 2 shin fold, phea marginas fetalie fan -« aes * 5 © ae

kit of the pave st -+ ¢

the medual ar

which norma

i
mongglands for wrany year vwws e tme of tarth but persists 1n
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ends beneath it in the skin of the sulcus infrapalpebralis. This fold
has no relationship to features found in the Mongolian race. If the
essential difference had been recognized from the very beginning,
as Séguin did, the theory of racial retrogression could never have at-
tained such general recognition. This plica marginalis of the mon-
goloid 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 babies, especially in races with rather
flat nose bridges, as in the eastern European races. Therefore, it is
not surprising that in Russia, the Baltic states and eastern and central
Germany, between 30 and 40 per cent of the newborn babies have
these folds. In normal children they usually disappear gradually.
They also disappear in mongoloids, but at a much slower rate, and
are rarely found beyond an age of 12 yems. The majority of mongol-
oids have an epicanthus during the period between birth and 5 years
of age. After the age of 10, the mongoloid eye has a more birdlike
appearance. While the epicanthus js not a reliable sign, the peculiar
smallness of the orbit holes is absolutely pathognomenic, As x-Tay
studies show, the orbit holes are egg-shaped and lack the size seen
in normal children or cretins.

An examination of the whole organism reveals that a variety of
developmental retardations can be observed, but most mongoloids
do not show stigmata in every possible area, and there js a great varicty
of abnormal features. The ecars are frequently imvolved and show
abnormal fetal features. Hands, feet, neck, trunk and extremities in
general are usually shorter than normal. The little finger is alnays
short and occasionally curved, and the main hand lines often show
patterns which are termed a “four finger line,” meaning that only
one rather straight line crosses the palm anstead of the two curved
hnes of the normal hand. However, it may be mentioned that the
four finger line on both hands occurs as a genetic deviation in a cer-
tain percentage of the population and is, tierefore, not a pathog.
nomonic sign in itself.

As further evidence of the fetal retardation present in the new-
barn, a congenital heart defect (usually consisting of an open foramen
avale or a larger septimn defect) is present. Anomalies of sex dev clop
ment are ftequent. In the female baby. in whom evatuation s 1ather
diflicult, Bleyer called attention, as carly as 1937, to the underdesel
opment of the minor labia, the rather large .'}nd often prp{rudmg
clitoris, and thie pitlow-like pouchy major Jabia. More striling are
the anomalies in the male mongoloid, in whom undes cn(?crl testicles,
usually at least one, are the rule. However, even more seriots anoma
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Fig 9—(d, upper le LR
e, shortness of httle .
goloyd chld dorsal vie  *

morated thick skin {8

o1y 2at vt 4 tiongolord child Note merlapping,
straight upper helr< and abnormal i

jon of conchia with crus
hetioss rrossing 1n the middle through cavum conchae. (8, fower night) Foot of a

mongolord child Note gap between first to¢ and second toe and skin crevice
crossing the (oot sole Trom the gap
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ends beneath it in the skin of the sulcus infrapalpebralis This fold
has no relationship to features found in the Mongolian race. If the
essenual difference had been recognized from the very beginning,
as Séguin did, the cheory of racial retrogression could never have at-
tained such general recognition. This plica marginalis of the mon-
goloid is a fetal feature, a residual, still present at birth, related to
the underdevelopment of the nasion. This type of epicanthus is
not rare 1n normal newborn babies, especially in races with rather
flat nose bridges, as in the eastern European races. Therefore, it is
not surprising that in Russia, the Baltic states and eastern and central
Germany, between 30 and 40 per cent of the newborn babies have
these folds. In normal children they usually disappear graduaily.
They also disappear in mongoloids, but at 2 much slower rate, and
are rarely found beyond an age of 12 years, The majority of mongol-
oids have an epicanthus during the period between birth and 5 years
of age. After the age of 10, the mongoloid eye has a more birdlike
appearance, While the epicanthus js not a reliable sign, the peculiar
smallness of the orbut holes is absolutely pathognomonic. As x-ray
studhes show, the orbit holes are egg-shaped and lack the size seen
in normal children or cretins.

An examnation of the whole organism reveals that a variety of
developmental retardations can be observed, but most mongoloids
do not show stigmata in every possible area, and there is a great variety
of abnormal features. The ears are frequently mvolved and show
abnormal fetal features. Hands, feet, neck, trunk and extremities in
general are usually shorter than normal. The little finger is always
short and occasionally curved, and the mamn hand lines often show
patterns which are termed a “four finger line,” meaning that only
one rather straight line crosses the palm instead of the two curved
lines of the normal hand. However, it may be mentioned that the
four finger line on both hands occurs as a genetic deviation in 2 cer-
tain percentage of the population and is, therefore, not a pathog-
nomonic sign in itself.

As further evidence of the fetal retardation present in the new-
born, a congenital heart defect (usually consisting of an open foramen
ovale or a larger septum defect) is present. Anomalies of sex develop-
ment are frequent. In the female baby, i whom evaluation is rather
difficult, Bleyer called attention, as early as 1937, to the underdevel-
opment of the minor laba, the rather large and often prm_rudmg
clitoris, and the pillow-like pouchy major labia. More striking are
¢the anomalies in the male mongolord, in whom undescended testicles,
usually at least one, are the rule. However, even more serrous anoma-
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Tic 9~(d, upper left) Palm of 2 moagelord chuld Noce straght “four finger
hnte,' shoreness of httle finger and low-ser thumb (8, lower left) Hand of a mon-
goloid chnld, dorsal view Note curature and shorencss of litle finger, and par-
morased thiek skin (C, upper nghty Ear of 2 mongoloid cbild Note overlapping,

straight upper helix and abnermal formation of concha with outstanding crus
fehus crossing 1n the middle through cavem conchae (D, fmver ight) Foor of a

monzolod chidd Nete gap betneen first toe and second toe and shin cresice
crossing the {oot sole from the gap
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TaBLF 1.—List of Symploms Constituting the Diagnosis of Mengolism
(:According to Levinson, Friedman and Stamps)

A, Skull

1 Open fontanel (beyond 114 ycars)

2. Open sutures
3 Flat occiput

B. T'ace

Wrinkled forehead
Red cheeks
Rough and scaly cheeks

Stanting
Epicanthus
Blephantis
Strabismus

Ny stagmus
Speckhing of uris
Double zone 1n1ns

[V S

D Tars

1 Promment
2 Malformed
3 Small or absent lobule

E Nose

1 Tlat nose
2 Small nose
3 Flat nasal bndge

F Mouth

1 Constantly open mouth
2 Small mouth

3 Broad Iips

1 TIrregutar lips

5 Dry hps

6 Fissured hps

7 Small teeth

8 Conical lateral incisors
9 Irregular ahgnment
10 Widely spaced teeth
11 Crowded teeth

12 Large tongue

13 Furrowed tongue

14 Protruding tongue
15. High-arched palate

16 Narrow palate

17 Cleft wwula

18 Raucous »oice

19 Low-pitched soice

22

50
8¢
80°¢
H
S
62

62
32,

28%
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TaBLE | —Conttnued

4 Neck

Trunk

1 Broad
2 Short

B Chest

1 Funnel chest

2 Pageon breast

3 Flat upples

4 Heart mucmur

5 Dorsolumbar hy phosts
C Abdomen

1 Dustasis rects

2 Umbiical herma

D Gental

lia

1 Small penus
2 Cryptorchism
3 Small scrotum

Extremines

A General

1 Acrocyanosis

2
3
4

Marmoration
Hyperextensible jomnts
Hypotonic muscles

B Hands

1

ltes are found 1 the form of an

hypospads;
I

that
plete

4, and many other y]

Short and broad hands

Flabby hands

Palmar honzontal hines

Short fingers

Tapenng fingers

Short Sth finger

Curved Sth finger

Only 1 fleion urrow 1 Sth finger

Gep between toes 1and 2
‘Toe 3 longer than toe 2
Plantar furron

underden elg)
Pes of deviar

Pped scrotum, shorf

nn

vt eu plitucally cvery

S0y
507,

127

t pentis,

system,
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external and internal, the organs have not reached a developmental
stage comparable to the average. The evidence points to decelerated
antenatal development.

The prenatal growth of mongoloids has been the subject of a study
by Alwyn Smuth and Thomas McKeown. They reported that the
birth weight is lower and the period of gestation shorter than normal.
Fifty-two and one-half per cent of mongoloids at birth weigh under
G pounds, while among almost 5,000 single brths in the same hospi-
tal, only 28.1 per cent weighed under 6 pounds Conversely, only 32
per cent of the mongoloids had a birth weight of 7 pounds or above,
winle in the control group 57.9 per cent of the newborn weighed
over 7 pounds at birth, The largest single percentage (20 4 per cent)
ot mongoloids are born mn the tlhirty-eighth week of gestation, while
the peak of the 5,000 control cases (22.1 per cent) lies 1n the fortieth
week. The lower weight of the mongoloid 15 not entirely due to the
earlier onset of labor, and must be attributed 1n part to a slower rate
of prenatal growth.

A study on the variability of mongolism by Abraham Leymson and
co-workers also indicated lower birth weights mn the mongolod
group These authors studied the frequency of a large number of
symptoms given in table 1

Unfortunately, when these statistics were compiled, a uniform
age group was not used, and hence the configuracon of anomalies m
the mongoloid cluld 1s obscured For mstance, the shortness of the
shull 1s a most frequent symptom. In measuring over a thousand
heads, I have found only two mongoloid children with skulls longer
than 17 cm After reaching the age of two years, the overwhelming
majority of mongoloid children have skulls ranging betiveen 15 to
16 c¢m. 1n length, and only a few measure between 16 to 17 cmm The
majority of these cmidren have brachycephalic skulls, the length of
the shull being short in relation to the width. often the width equals
the length and occasionally exceeds 1t However, brachycephaly does
not depend on the length alone Some children with mongolism have
very narrow heads so that the head appears long although the actual
length 1s not normal Newborn children with mongolism usually
have well formed heads in which the brachycephaly 1s not yet present
The open mouth 15 a symptom which usually appears six to 12
months after birtl and may then be present for several years. A dis-
crepancy exists between the size of the tongue and the oral cavity.
Many children with mongolism, especrally those who have been
treated, overcome this difficulty in later cluldhood The raucous voice
depends on nutritional factors and the degree of thyroid deficiency,

and can usually be avoided.



CHAPTER 111

PHYSICAL DEVELOPMENT

Most of the anomalies of mongolism are not too conspicuous at the
tme of birth, Many physicians feel inable 1o establish a diagnosis
before a chuld 1s three to stx months of age or even later. The dis-
tinctive characteristics of this growth deficiency become more con-
spicuous as time goes on, because the child with mongolism does not
develop Iike the average baby; the general pace of his progress is
much ylower than normal. He makes very little progress in the first
year, whereas the normal infant undergoes an extremely rapid series
of changes in physical appearance and mental performance "Thus the

rotmerdas A an -
s ‘
1ng degrees
Eyes
The eye symptoms 1n mongolism are varied and have attracted in-

creasng interest 1 recent years, since they may provide some clues as
10 the specific malesnlac cud - = 3 v !

if ith the
condition “ot-
tled” (o'r m . tt e ahe

. “ov e ALl lLes and a rather small percentage a more
! 3 ag!
heavily pigmented brown color. This depends somewhat on the ge-

renc background of the pauent, bu isi
g , but 1t 15 surprising that t} -
goloid child 15 often the onl Ty Inc oy

'y member of a famuly to have blue eyes
or ¥
o a:‘ees(s‘e{ degree of pigmentatton than the others The wmottled or
pec! ins~occasionally {without justification) called Brushhield
Spots-—1s sometimes seen in normal

i persons but rarely to the exten
fomman in mongoloids. It is even nresent 1 ey to the extent

taaugy U1 LR 1T1S Chanowes cpprme e s
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The stroma of the his is especially thin in a high percentage of
mongolowls, and shows certam patterns which are well demonstrated
in figure 10. The abnormal stroma is conspicuous in the periphery,
while the area immediately around the pupil often seems normal,

Of special interest are the so-called “lens opacities.” Whether there
is a true congenital cataract in mengelism is a matter of argument.
Some mestigators deny the presence of cataracts before the age of 6
years, while Skeller and Oster list six congemital cataracts among 32
panents with lens opacities but are not sure of the age at which the
cataracts appeared Igersheimer is of the opinion that the congenital
cataract occasionally seen in mongolism is not of a specific natare. A
study of the lens in mongoloid patients has produced evidence that a
lage percemage of patients gradually develop punciate or ceinlean
forms of lenticular changes which first appeared at about 6 years of
age. The first manifestations are usually fine punctate opacities, which

.

Fic 10—(Courtesy of Lowe, R F The eyes m mongolnm. Bret J ‘Ol)lllll.lb
sol, March, 1919) (A) Ins of mongolowd, age 35 years Blue i showing white
specklng, fine stroma, posterior pigment epitheltum and sphincter () Ins of

ge 47 years Thun gray s showing adhvanced stromal atrophy and

mongolowd, a n
§ Iris of mongoloid,

Unck strands heconmung very thin towards the peniphery. (€)
age 37 years Thin gray s showing white speckhing, and very prmmnncc(':
atrophy of siroma at penphery (uhary region) (D) Ins of mongoloid, age S:
years Tiazel ais, thickly prgmented around the puptl where the stroma 15 coarse,
showing characteristic thinning of the stroma tawards the periphery
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Fic 11 ~Face of a mongoloid girl, 9 years of age Nate thin straght hu, slant-

1ng almond shaped eyes, plica marginalis (epicanthas) espeaially of eft eye, stea
bismus, flat nose bridge, fissured dry Itps and tongue

increase In number and size and form flake-like dots. The onset seems
to be 1 rhe cortex of the lens and not n the subcapsular region

Strat , convergent or occasionally divergent, is frequent n
young children with mongolism {Bg 11) This condison corvects
uself in later years m about two-thirds of the cases, but remans
hroughout hife and 15 pred ly consergent and horizontal in
the other third

Nystagmus 1s also frequent in the eatlier years but gradually dis
appears, remating throughout lite in less than 10 per ceny of the
pattents Refracuve ervors are extremely common, in my experience,
and are often conspieuous chinically—for nstance, by the way that
mongolod children wite and read the position of the head and its
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distance from the working surface. However, about one-quarter of
the children seem to have fairly average refraction. While myopia is
seen frequently and was noted by Lowe in one-third of his patients,
Skiller and Oster report a rather high incidence (67 per cent) of vary-
ing degrees of hypermetropia.

Interpupillary distances average between 52 and 60 mm. (Lowe),
which is in line with Brushfield's observations. According to Lowe,
the distance is shorter than in the normal adult population because
the head of the mongoloid is generally smaller.

Several other anomalies are connected with the eye. The skin of
tlie eyelids is abnormally thick, and the conjunctivae are susceptible
to inflammation and chronic changes which lead to thickening and
tumefaction The aliary body of the lower Iid is frequently enlarged
The eyelashes are short and sparse Frequently there is chronic bleph-
aritis, and ectropton is not rare.

Ears

Anomalies in formation of the external ear are frequent. This is
not surprising in view of the fact that ear anomahes are often associ-
ated with all types of mental deficiency; abnormal ear formation
seems a rather sensitive indicator of developmental anomalies. The
type of pathology 1s not constant. The various shapes of the ear have
not yet been properly classified, and the terminology is inadequate.
An understanding of the anomalies 1n mongolism may be gained
from a glance at figure 12 (diagram of ear development). In infancy and
early childhood, the mongoloid ear is frequently very small and gives
the impression of fetalism The upper helix overlaps more than usual,
and the margin forms a night angle to the descending part of the ear.
The tragus may be flattened, and borders the entrance to the ear in
a straight hne. Later in life, many mongolowds have extremely out-
standing “lop” ears, with flat or absent helix. The site of the ear is

frequently low.

Mouth and Tongue

The mucosa of the mouth and lips becomes abnormal early in life.
The hps then appear fissured and dry. The tongue undergoes fissura-
tion and hypertrophy of the papillac. The fissuration of the tongue 15
frequently referred to as “scrotal ” The tongue may protrude but is
not unusually large except in some cases in which hypertrophy may be

present. Protrusion is due to the smallness of the oral cavity rather

than the size of the tongue
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fetus 13 mm (C) Postnatal
Voice

Of specaal interest 15 the voice. Many small mongoloid children
have raucous, low-pitched soices which are almost masculine and in

striking contrast to their nfantile appearance. [ have not been able
to find a plausible expl

P for this disorder. In studymg the lar-
ynx of several subjects, I have found the mucosa thickened and fi-

brotc, and the Jarynx has seemed lugher in the neck than usual, [t is
also possible that the absence of sinus formauon in the skull has some
thing 1o do with the deep voice and 1ts Jack of resonance

The same type of voice 15 common in cretinism The most hkely
¢explanation seems to be myxedema of the pharynx, since only a re-

stricted number of mongoloids have such a voice and 1t disappears
under thyroid treatment

Nose

The nose of the mongolord 1s characterized by flatness of the nose
bridge, owing to absence or underdevelopment of the nasion boue
{figs. 6 and 7Y The rarthoinane nare mas toe oot 10 T .
protucmg a .
with broad
chae often

© e grau
Vhchened, the air passages being narrow or almost obstructed (ﬁﬂ‘7 13)’
g 13).
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distance from the working surface. However, about one-quarter of
the children seem to have fairly average refraction. While myopia is
seen frequently and was noted by Lowe in one-third of his pacients,
Skiller and Oster report a rather high incidence (67 per cent) of vary-
ing degrees of hypermetropia.

Interpupulary distances average between 52 and 60 mm. (Lowe),
which 1s in line with Brushfield's observations. According to Lowe,
the distance is shorter than in the normal adult population because
the head of the mongoloid is generally smalier,

Several other anomalies are connected with the eye. The skm of
the eyelids is abnormally thick, and the conjunctivae are susceptible
to inflammation and chronic changes which lead to thickening and
tumefacrion. The ciliary body of the lower lid is frequently enlarged.
The eyelashes are short and sparse. Frequently there is chronic bleph-
arits, and ectropion is not rare.

Ears

Anomalies 1n formation of the external ear are frequent This 15
not surprising in view of the fact that ear anomalies are often associ-
ated with all types of mental deficiency, abnormal ear formation
seems a rather sensitive mdicator of developmental anomalies. The
type of pathology 15 not constant. The various shapes of the car have
not yet been properly classified, and the terminology is inadequate.
An understanding of the anomalies 1n mongohsm may be gamed
from a glance at figure 12 (diagram of ear development). In infancy and
early childhood, the mongoloid ear is frequently very small and gives
the impression of fetalism. The upper helix overlaps more than usual,
and the margin forms a right angle to the descending part of the ear
The tragus may be Hattened, and borders the entrance to the ear
a straight line. Later wn hfe, many mongoloids have extremely out-
standing “lop” ears, with flat or absent helix The site of the ear 1s
frequently low

Mouth and Tongue

The mucosa of the mouth and lips becomes abnormal early m hie
The lips then appear fissured and dry The tongue undergoes fissura-
tion and hypertrophy of the paptllae. The fissuration of the tongue 15
frequently referred to as “scrotal " The tongue may protrude but is
not unusually large except in some cases in which hypertrophy may be
present Protrusion is due to the smallness of the oral cavity rather

than the size of the tongue.



29
PHYSICAL DEVELOPMENT

—_————

Tasrs 2 —Dental Development

—

so ot | tomgne | | pasden | Reatiodd ptonag et
4 R o 10518
Y?I: &= cases | angmnent Moderate | Severe
vl -1 -t =1=1= - -
HE 5 s — toa 5 - 0
sof x | s0 [ 9 K 1 ! t
F 6 s | —
wil v | B ] 70| B s 3pon 3
Foot6 | 1t s )0 | 3
| M9 8 PR 9 1 4
¥ 7 5 510 7 1 N
aa| M 7 1 1] 0 7 3 2
F 9 9 8 0 8 - 6
-35 M — - — —_ —_ — ————
B 2 1 2l e [ - 10}
s | e | w0 | 1 [ 78 | 18 | 28poss 30

Some aspects of the tooth detelopment in mangolism hate heen the
subject of a special study by Dr. John A, Nash, who examined sev eral
hundsed mongoloid patients and regmstered his findings in 81 cases
rangwig n age from 3 o 85 years This study covered the [ollowing
1tems- alignment, mucous membrane, caries, paradentosts and erup-
ton of teeth The results, grouped according to age, are given in
table 2 Certamn pomnts are worthy of special emphasis Abnormal
lignment was seen 10 68 cases, the majority having crowded condi-
tions and a small number of widely spaced teeth. The most conspic-
uous fact 15 the absence of cartes Moderate and very moderate caries
were present in 41 cases, and 39 cases were completely free of caries;
extenstve cartes was found m only one case of the whole group. This
15 the more striking considerng the rather poor dental hygiene of
these children even with close supervision, owing to therr mental
shoricornings Equally rmportant 1s the frequency of paradentosis,
which was found 1n at Teast 78 out of 84 cases. Gingitis in differing
degrees was local in 33 and general 1n 45 instances Pocket formation
was present in 45 cases, recession in 59

Erupuion of teeth * ~ T
ere missing in a¢ lec
possible 1o decide w' ev was Intiely @ delay 1n eruntion o
whether the teeth ware cnemctoi 00 \

1 several instz
1t goes with
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Fic 13 —Homzontal section through nasal cavity of a mongoloid, age 12 years
SE. nasal septum, C medial conchee, § mavillary sinuses, OS OCC. ocapital
bone The conchae are deviated, the mucosa greatly thickened The air pissage
1s narrow and partially obstructed

Dental Development

Observations on the teeth are of special nterest because they fur-
nmish some msight mnto the disturbance in bone formation. It has not
escaped attention that the eruption of first teeth is usually 1etarded.
Brousseau studied the exact time of appearance and found that erup-
tion was rare before the ninth montly whereas normal cluldren have
first wncisors at six months of age A large number of mongolods had
their first teeth between the ages of 12 and 20 months There were a
great many cases i which the first tooth appeared at the age of 2 years
or later Dentitton was usnally not completed belore the fourth or
fifth year and frequently was even more delayed Erupuion did not
follow the usual pattern, the molars appearing before the incisors in
many instances. The second dentition began somewhat more regu-
larly but again was irregular and frequently incomplete.

The jaws are abnormal in size, the upper jaw being too small and
the lower jaw showing prognathism. This is due to the absence of
connteraction from the upper jaw under the stress ol abnoimal mus-
cle pull. These anomalies of the jaws are not without influence upon
the development and alignment of the teeth, which are crowded, the
spacing is sometimes abnormally wide, and normal alignment is rare,
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inci j mot
1n the ablation. or malformation of the permanent 1atersd incisor in the
golord

Further mformation with regard to dental development, m“'if‘i:é
In radologic studies (by R. Spitzer and M. L Robinson), wi
found 1 Chapter 1V.

Neck

“The neck af the mongoloid 1s short and seems unusually broad, ap-
parently because of the straightness of the vertebrae and the flatness
of the occiput There may be great laxity of the shin.

Trunk

Although the trunk 15 relatively long in comparison to the short-
ness of the extremitses, there are definite evidences of growth deﬁ_-
aency The chest appears round, but depression of the sternum is
often seen. The spmne does not show the normal curiature and has a
tendency to straightness or dorsolumbar Lyphosis

Abdomen

The abdomen 15 pear-shaped and distended, with msufficient mus-
cle tone The bver 15 frequently palpable beneath the costal margn
on account of the small chest and atoma of the abdominal mnerlee
S

ar

B ) v wesustus wi Lse otner hand, macro-
colon or extreme distension of sectors of the small or large intestines

1s not rare Congenital stenoss of the large Mntestines has been re-
ported, and pylorus stenosis is not unusual In acute conditions of
abdominal distress, volvalus has to be considered.

Pelvis and Hips

Anomalies of the pelvic bones in mongolords were noted by Caffey
2nd Ross Thesr studses indicate anomalies of the acetabular and ihac
angles as well as structural anomalies of the ifiac wings The acetab-
ular angle in normal indviduals has a mean of 28 degrees with a
range of 8 to 32 degrees for males and 14 to 44 degrees for females.
On the other hand, the mean value for mongoloid cases was 15 de-
grees with a range of 4 to 20 degyees for the males and 4 to 30 degrees
for the females The mean ilia g

c angle for the controls was 55 degree:
vl el .
with a range of 44 ta 74 degrees for both sexes, 0

wiule the mongoloid
cases had a mean of 45 degrees with a range of 35 to 50 degreef C;:E—
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mal and are frequemly abnormatly shaped, in addition to showing
moderate hypoplasia. This growth deficiency is a part of the general
growth disorder which I have already emphasized.

Dr. Nash'’s study reveals two factors hitherto unrecognized and of
great biologic interest. Whereas other investigators have felt that
mongolord teeth are predisposed to caries, it has now been established
that caries is rare even in the age group above 16 years, when most
normal children have a considerable number of tooth caries. At the
same time, paradentosts 1s present from the very beginning, and five
girls below an age of 5 years showed a marhed degice of paradentosis.

Periodontal disease has been the subject of a specral study canied
out by Dr M. Michael Cohen, who reports the following obsersa-
tions*.

Onc hundred male and female mongolaid patients, 3 to 27 years of age, were
stuchied at the Walter E Fernald State School in Waltham, Massachusetts, Tor
the prevalence of periodontal disturbances Color intraoral kedachrome photo-
graphs were taken of each pauent under standardized conditions Clnrcal ex-
ammanons of occlustal relationships of jaws, size and number of teeth present,
gungnal and perodontal dusturbances were recorded Intraoral radrographs were
also taken Perrodontal disease was observed clinically and roentgenographically
mn 95 per cent of the patents

Peniodontal disturbances were observed 1n young mongolords between the
ages of 3-8 years Generalized chronic inflammatory gingnial enlargement was
present in the majority of these cluldren Caleulus, gignal recession as well as
pocket formation were also noted Several pauents in this age group had a pre-
mature exfoliation of the primary mandibular masors and molars In the early
nuxed d m young Is, ages 8-11 years, bone loss was observed
roentgenographically 1n approximately 70 per cent of the patients Older mon
golotds, 11-14 years of age, had esfohated the mandibular permanent central
masors, and when the mandibular inasors were present, marked gngival reces
ston mobihity and bone loss were apparent clinically and radiographicaily

Of 100 mongolowds exannned climeally and radiographically, 95 per cent
mantfested pertodontal disease while 70 per cent showed a midline delfect with
marked bone loss in the mandibular 1ncisor region

Another dental abnormality observed m this group was the absence or stunt
g of the maxillary and mandtbular permanent lateral mcsor Thirty-two pa-
uents had nussing permanent lateral maxillary or mandibular mesors The
maxillary lateral masors were most frequently nussing Nme patients mamfested
stuntng of the permanent lateral ncsor

Forty-one (41 per cent) mongoloid patrents were found to e musing or
stunted permanent lateral masors The mawullary permanent lateral 1nasor
lamina for the permanent tooth may be observed in the developing jaw bones at
approumately the mnth week of fetal age. Critscal stress at thus period may result

* personal commumicatton  This study was sponsored Ly the Public Health
Service, United States Department of Health, Tducation, and Welfare, Bethesda,

Md (Grant D-760)
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i the ablation or malformation of the permanent {ateral incisor in the mon
golod

Further mformation with regard to dental development, collected
in radulogic stades (by R. Spitzer and M. L. Robinson), will be
found mn Chapter IV.

Neck

The neck of the mongoloid is short and seems unusually broad, ap-
parently because of the straightness of the vertebrae and the flatness
of the ceciput. There may be great laxity of the shin.

Trunk

Although the trun\ is relatively long in comparison to the short
ness of the extremities, there are definite evidences of growth defi-
ciency The chest appears round, but depression of the sternum is
often seen The spine does not show the normal cunvature and has a
tendency to straightness or dorsolumbar hyphosis.

Abdomen

The abdomen is pear-shaped aud distended, with insufficient mus-
cle tone. The liver is frequently palpable beneath the costal margin

on account of the small chest and atonia of the abdommal muscles.
Umbical herntas

are seen 1n over 90 per cent of the cases, and disten-
Stom Af nbAne et Al &
n f ‘
ar

~o vusctYLU WL LI ULIET hand, macro-
of sectors of the small or large intestntes
1s not rare Congemtal stenosis of the large intestines has been re-
posted, and pylorus stenosis 15 not unusual. In acute condittons of
abdominal distress, volvulus has to be considered.

Peluis and Hips

- [
calen or extreme distension

Anomalies of the pelvic bones in mongoloids were noted by Caffey

a "
nd Ross Therr studies indicate anomalies of the acetabular and ihac
angles as well as structural a

ular angle i normal indiy

nomalies of the iliac wings The acetab-
Tange of 8 to 32 degrees fo

idua‘ls has a mean of 28 degrees with a
T males and 14 to 44 degrees for fel
?r(:clsh: I(:lxher hind, the mean value for mongoloidgrcases was IlnEa l;:»
i i ‘e:: {aneg of 4 o0 20 degrees for the males and 4 10 30 degrees
Bt m“:ce‘:f «Mh: n:;an ihac angle for the controls was 55 degrees
cas0s b o n& 51 dde'.;rees for both sexes, while the mongoloid
egrees with a range of 35 10 50 degrees. Caf-
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@ A+ ACETABULAR A
I - ILIAC AN(?LE NGLE {

Fic 14 —(d) Schematic drawing of che acetabular and iliac angles m the
pelvis of the newborn, According to the method of Hiigenremer, the Y-Y fne
1s drawn through the lower edges of the Y carulages The obhique line (A) 15
drawn through the lower and upper ends of the acetabular roof The iliac line
(1) 15 drawn through two points the most lateral pomt of the thac body below,
and the most lateral point of the iliac wing abose. (B) The acetabular and 1hiac
angles 11 mongolism are much smaller than mn normal controls Note ako the
flatness and width of the ihac wings (Sce Caffey and Ross Mongolism (Mongol
oid deficrency during early mfancy—some newly recogmized diagnostic changes
n the pelvic bones) Pediatries 77 642, 1936 )

fey and Ross defined the iliac index as “the sum of both acetabular
angles and both 1liac angles divided by 2. The mean value of the
iliac index at birth is 81 for normal infants, compared with the ex-
pected low valute of 62 for infants witlt mongolism. The mean salue
for normal six month old infants is 79, against 51 for infanes with
mongolism. Caffey and Ross also call attention to the iltac wings,
which seem large and flare laterad.

Genitalia

The male sex organs are retarded 1n development In about 50 per
cent the testicles are not descended at the time of birth and never do
descend Frequently only one is found in the scrotum, but even if
both are descended, they are small and never of normal size. Though
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they may appear of faitly good size on palpation, this does not in-
dicate normal development, Fibrosis and fav tissue visually veplace
the parenchyma The penus 15 often infantile and short but may sowe-
times be long and thin Pubic hair is Yong and sitky and of fermale dis-
tribunon Axallary bair Is absent. ‘The secondary sex characiers of
mongoloids offer some néhcation of hermaphroditism. The breasts
may show hypertrophy of fat, and the fat distribution of the abdomen
1s female 1 hair appears on the face, it 15 spotty and grows along the

margin of the lower jaw. It is short, straight and silky, and does nut
resernble a normal beard

Female Sex Organs

The major labta 1n mongolowd infants are frequently oversized.
Bleyer has teported this finding and considers the anomaly so char-
actenstic that *1t affords another sign ™ The skin 1s full and the labia
form tound cushions, whereas the minor labia are underdes eloped
or absent They may be apron-like and protruding in older mongol-
ouds The clitorts protrudes and 1s frequently hypertrophic Menarche
3 delayed about 70 per cent of mongoloid girls menstruate between
the ages of 18 and 30 Menstruation 15 yrregular, and menopause
early The breasts remamn infantile during puberty but later become

Fie 151 e o e 4
3 ~Round, full Yabea 1n mangelosd female miang {Bleyer's sign)
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large, owing to hypertrophic subcutaneous fat tissue, The nipples are
frequently tiny and flat, and the glands of the areola may be mussing.
Adiposogenital dystrophy is present in many adult cases. Hirsutism
is often imarked.

Extremities

The extremities are short; the distal portions of the long bones of
hands and feet are usually particularly affected. It is the growth de-
fictency of the facial bones, trunk and extremities n mongohsm
which lcads to the term “acromicria.” The fingers are short and m
older persons often drum-shaped. The little finger shows a curvature
in over GO per cent of cases; the second phalanx of the httle finger is
often rudimentary or even missing. The thumb is shorter than nor-
mal and set at a lower position. The hands are flat, flabby aud hypo-
tonic. In newborns and infants, the skin 1s often wrinkled—like a
glove which is too large—due to the general shortness of the bone
structure.

The hand lines and dermatoglyphic patterns have attracted special
attention among the many aspects of abnormal development in mon-
golism. A transverse palmar crease, also described as a “four finger
line” or “macacus line,” is often observed. In the average person, the
hand Iines follow standard patterns, as indicated by numbers and
broken lines 1n figure 164. In the mongolord hand and in the hand
of a certain percentage of normal people, lines 2 and 3 arc umited and
form a transverse crease This “four finger line” starts at the radial
margin and crosses the palm to the ulnar margin

A 8

“High

aat
trradius

Loop in
the third
nterdiqital
area

Fic. 16 —Hand lines and dermatoglyphic pattesns m mangolism ({or detaited

RN
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As 1 said, the transy eTse Crease occurs ina certain percentage of the
normal population, apparently with great variation mn different coun-
tres According to a Swass study by Hans Erne, 2 transyerse crease
oceurs in 1 per cent of the population and transntlox}al forms in 1 to
5 per cent Among the mongolows, tlus four finger line was iplmd mn
325 per cent of the cases in Switzerland and in 20 per cent in I.taly;
transwional forms were found mn 7.5 and 9.5 per cent, respectively.
Thus crease (F-2) reachies the ulnar margin of the hand in over .50 per
cent of the mongoloid children. A study of the hands of relatives of
mongoloid children revealed that 5.5 per cent showed transverse
creases and 9 per cent transttional forms. Extenston of the transserse
crease to the ulnar margin was reported m 28 5 per cent of the tela-
tives and 1n 23 5 per cent of the controls. Ulnar lateralization of F-2
depends, however, on the age of the person and becomes less conspic-
uous with advancing age. The transverse crease 15 said to reach the
ulnar margin in more than 90 per cent of newborns.

As far as my own ebsersations are concerned, the transverse crease
1n mongohsm seems to differ somewhat from that seen in normal
persons In the latter group, 1t is usually found to be bilateral. In
mongolism, a nnulateral transyerse crease is almost twice as frequent
s the bilateral one Table 3 records the condition of the hands in
the Yast 60 cases of mongolism seen The table indicates that the

\\lmlzlml four finger line is found more than twice as frequentlv on
the lafe nm ~ - 0 .-
o

s staL nalie ountlar observations were made by Féré,
and Penrose states that the right hand 1s usually “the more mongoloid
one "

In addiion to the transverse crease or four finger line, which is

casily recogmized, the so-called "de(mmog\‘/p\\ic;' P

Tidges and their configurations) have attracted considerable interest.

101939, H Cummuns subjected the mongoloid hand to an extensi\e'

;l:‘dey (\; ll;(l;‘ re{;arddm the dermmioglyphics. f'\'llmcrnlls 1m estigators

e kol ved and confirmed his observations The minute shin
ges of the hand, which form certan constant Patterns that male

(the epidermal

o of patients None Baterat Todteral
T
| mm Lt
Tapavent | 5 | 7 N E
Outpatient i | 8
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large, owing to hypertroplic subcutaneous fat tissue. The nipples are
frequently tiny and flat, and the glands of the areola may be missing
Adiposogenital dystrophy is present in many adult cases Hirsutism
is olten marked.

Extremities

The cxtremities are short; the dustal portions of the long bones of
hands and fcet are usually particularly affected. It is the gronth de-
ficiency of the facial bones, trunk and extrematies in mongolism
which Ieads to the term “acromicria.” The fingers are short and in
older persons often drum-shaped. The little finger shows a cunature
in over 60 per cent of cases; the second phalanx of the luetle finger is
often rudimentary or even missing. The thumb 1s shorter than nor-
mal and set at a lower position. The hands are flat, flabby and hypo-
tonic. In newborns and infants, the skin is often wrmblled—like a
glove which is too large~due to the general shortness of the bone
structure.

The hand lines and dermatoglyphic patterns have attracted spectal
attention among the many aspects of abnormal development 1 mon-
golism, A transverse palmar crease, also described as a “four finger
line” or “'macacus line,” is often observed. In the average person, the
hand lines follow standard patterns, as indicated by numbers and
broken lines in figure 164. In the mongoloid hand and in the hand
of a certain percentage of normal people, ltnes 2 and 3 are united and
form a transverse crease. Thus “four finger line” starts at the radal
margin and crosses the palm to the ulnar margin.

Ulnar
Joops

A

Tic. 16 ~Hand lines and dermatoglyphic patterns i mongolism (for detaried

description, sce text)
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optnion. In our chinical material of more than 1,000 cases, zh_ere were
Jess than a dozen in which there was any doubt as to the diagnosis.
The study of dermatoglyphic configurations does not s!lEd qddmo;al
Iight on the diagnosis in dubious cases. The conﬁgurauox]s m‘bur er-
lme cases ate so indistinct that they can be mterpreted in either di-
vection Even 1n true cases of mongolism, only 70 per cent of the pa-
tents display 2 significant combination of patterns; and the patterns
are exther absent or inconclusive m the remasnng 30 per cent. On
the other hand, 2 combination of patterns suilar to those [mmd' in
mongohsm 15 observed 1n over 20 per cent of the normal population
withvut having any significance.

As to the screntific importance of the studies reported above, the
shght increase 1n trans erse creases as well as positne derwaxog.l‘,ph\c
patterns has suggested a genetic implication to some intestigators
{Penrose, Hanhart, Erne)

The dermatoglyphic patterns in mongolism are an expression of a
“primime fetalization” (Cummuns), The transverse crease is a mani-
festation of an abnormally long persistence of the embryonic mounts.
The denseness and character of the dermatoglyphic patterns also in-
dicate a fetal deceleration of development, similar to that which has
been demonstrated 1n other organs Thus far, the dermatoglyphic
patterns add more evidence to the concept of fetalization i mon-
gohsm. If a great frequency of ssmilar pasterns could be found in the
mathers and siblings of children with mongolism, 1t would indicate
that the maternal and sibling constitutions have a certain susceptibihty
to the noxious factors that can produce mongolism Since the abnor-
mal patterns develop—as an expression of fetal retardation—in the
same enucal phase 0 which the other characteristics of mongohism
are established, their presence does not contribute to an understand-

ing of the noxious agent causing the fetalization and the tyme of on-
set of 1ts operation

There 15 a large gap between the big toe and the second toe, and a
deep line may extend from thus gap to the sole of the foot. The third
toe 15 frequently longer than the second 1oe, and two toes may be
grouped rogether m a forb-like position, Webng 15 sometimes yre

ent The foot 15 round and lacks the form: o Fihe

The toes and feet show patterns similar to those of the hands

ation of an arch, and tt
sole shows many transverse wrinkles. ’ le
Skin
There 15 some drermvnem - B
sk, an. of the
thyroid

of the

te a2 s LINIIA Phae sl sofe %
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identification of individuals possible, often show characteristic devia-
tions in mongolism. The pattetns are laid down in the third and
foprth fetal months and remain unchanged throughout life (Cum-
mins, Bonnevie, Evatt).

Figure 16B, drawn after the publications of Penrose, Ford-Walker
and Erne, illustrates some of the loops and whorls seen in mongolism.
According to the statistics of Ford-Walker, loop patterns on the right
palm have the greatest significance. In her material, they were present
1 mongoloids 1 84.7 per cent whereas in 1000 controls they were
found in 53.6 per cent.

Another subject of interest is the “triradius” (t) pattern to which
Penrose called special attention. A trrradius is defined as “the meet-
g place of three lines or spokes which make angles of 120 degrees
with each other and demarcate the three regions” (Penrose) Unless
each of the angles between the spokes is 90 degrees or more, no tri-
radius is decmed to exist. Penrose introduced a system of measure-
ments of the maxumal atd angle which is formed by the lines drawn
from ¢” toward a and toward d (fig 168). Penrose concluded that the
critical point is an angle of 56 to 57 degrees An angle greater than
57 degrees is found m the majority of mengoloids, while in normal
mdividuals the angle is most often less than 56 degrees. From table
4 it 15 obvious that among the parents and siblings of mongoloids, 2
greater number (13 6 per cent) have a wider angle than among the
controls, 1 whom an angle greater than 57 degrees was found in
only 7 9 per cent. This dufference, though small, 1s considered to be
possibly of some significance. .

These dermatoglyphic observations are of considerable theoretical
interest Cummins, Ford-Walker and Penrose have also a:mbutcfl
some diagnostic importance to them, but I cannot concur 1n this

TABLE 4 —Percentage Disirsbution of Measurement of Angle “atd” on Both Hands
{\ccording to Penrose)

“lkd('L)angle Sex N-:Ll_‘r;nls \lov:'(?;mds P?’r;;nl: | T'I'?)! Al ’(sl,"ym"
<57 M 65 826 108 127 f s
‘ r 92 850 142 - i f)— | i o__
’[v_'l‘ 79 837 127 M8 | 136
oy atmm e
B T 92.1 l 163 ’ 873 85 2 ‘ 86 4
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anomalies may be found, such as abnormal d|§mbution of the essc;llf,
congenitat pulmonary stenosis, JOTC stenosts, apen ductus botalli,
and dextrocardia The variety of defects is great, and almost every
mongoloid heart reveals at least one. .

The deficiency of the vascular system is not rFstrlcle({ to the heart.
The whole system 15 inadequate, narrow, and thin, and the pen.phera.]
capillaries are underdeveloped It never has been thoroughly investi-
gated whether the hypoplasia of the vascular system forms an impor-
tant bk in the chain of functional inadequacy The vessels of the
brain are thin and less numerous than in control cases, even of men-
tally deficient persons. The same 1s true for the endocrine organs and
practically the whole body. The capillaries are found congested and
enlarged—another symptom of significance. Some insight into the
pathology can be gained by capillary microscopy, a methad which is
easily used and deseryves a greater chmcal application Studies in cre-
unism have provided evidence that in this condition hypoplastic cap-
tlfanies are frequently found, developmental anomalies which point
to the prenatal pertod The same is true for mongolism. Many mon-
goloids have abnormal capillanes Pototzky has utilized the experi-
ence gamned in cretinism and thinks that one can distinguish between
mangalowds with thyroid or pitnitary deficiency and those without.
However, i view of the pathologic materal to be presented 1n a later
dﬁplﬂ,ri’o'tmzky's conclusion seems to overshoot the goal T wae nor

p v swaccnUi, put the method ts useful w diag-
nosis and recheching of therapeutic progress, and deserves, therefore,
more general application

Measurements

The growth process 1 the mongolaid chid results finally in a
Z:umed growth or dwarfism. The growth patterns are best demon-
1r;(x‘!sd m figure 17, which g es the measurements of 175 outpatients
a nI 73 ambulatory subjects that have undergane treatment. *
N analyzing figure 17, the follow Ing observations are pertinent:

In the age group fros ik
and 26 o “‘g:l a?.. fom burth to 1 ymr: ©6 per cent are within .o

In the age gro -
and 66 per cent 1

* This chart encom,

passes treated and
treatment will be ama "

yred 1 chagier 1 treated cases The speaific effect of
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velvety shin of the mongoloid baby is distinctly different from the
shin of the cretin. The subcutaneous tissue contains much fat and 1s
puffy. The skin appears marmorated at the trunk and thighs because
the capillaries are marked and congested. The skin of the cheeks is
often strikingly red, this redness being sometimes circular or spotty
and quite different from the color normally seen in children’s cheeks.

As the mongoloid grows older, his skin rarely retains the character-
istics described above. According to the degree of thyroid deficiency,
the skin becomes thick, dry and rough, and various degrees of myx-
edema may be found The skin tends to be wrinkled and 1s susceptible
to eczema,
Hair

The hair of the mongolord is generally fine, silky and straight. Most
mongoloids of mixed Anglo-Saxon stock have fair hair with definite
lack of pigmentation. Those of Mediterranean stock have dark hair
and more pigment, but 1t is noteworthy that they also show less pro-
nounced characteristics than do those of northern races The hair
becomes dry with increasing age, and partial or complete baldness 1s
not rare. I have seen three Negro patients with mongolism whose
hair was black, and rather strong and curly.

The absence of the apocrine glands and hair in the axilla has been
reported by Shelley and Butterworth. Alopecia (baldness, partial or
complete) 1s not 1are i both sexes,

Heart

The most common anomaly of the heart 15 a congental septim
defect. With regard to the frequency of this anomaly, statistics vary
because of the different material that has been accessible to vartous
investigators Children with a severe septum defect are likely to die
early, and 1f autopsy material of children’s hospitals 15 exammed, con-
gemtal heart defects may range as high as 75 per cent. If, however,
survivors beyond the first decade are examined, a septum defect 15
found 1n about 25 per cent This defect is clearly audible, but 1t does
not interfere with the acuvities of the child T is rare 1o see a mon-
goloid child suffer from acute heart failure, although during ther
frequent infectious diseases the heart may give reason for concern.
Even more mmportant than the septum defect is the general infantil-
ism of the vascular system The aorta 1s thin and narrow, and all the
main trunks are definttely undersized. One wonders how the mon-
cluld can display so much activity. The peripheral vascular

goloid e
appears distended and congested A great vatiety of other heart

system
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anomalies may be found, such as a\mfmml distribution of the vessels,
congenieal pulmonary stenosis, a0THC stenosts, open ductus botalli,
and dextrocardia. The variety of defects is great, and almost every
mongoloid heart reveals at least one.

The deficiency of the vascular system 15 not restricted to the heart.
The whole system is madequate, narrow, and thin, and the penpher:\.l
capillartes are underdeveloped. It never has been thoroughly investi-
gated whether the hypoplasia of the vascular system forms an nmpor-
tant Lk, in the chan of functional wadequacy The vessels of the
brain are thin and less numerous than in control cases, even of men-
tally deficient persons The same is true for the endocrine organs and
practically the whole body. The capillaries are found congested and

enlarged—another symptom of significance Some msight into the
mthnlnay cam ha Aaemad Lo can 11T . 2 N

wuains die Ltequently tound, developmental anomalies which pont
to the prenatal period The same 1s true for mongolism Many mon-
golawds have abnormal capillaries Pototzhy has utilized the expen-
ence gained in cretinism and thinks thas one can distinguish between
mongoloids with thyroid or pituttary deficiency and those without.
However, in view of the pathologic materal to be presented in a later
chapter, Pototzky's conclusion seems to overshoot the goal. T was not
al;lc to find any correlation between capillary hypoplasia and degree
of mongolord deficiency. Capillary mucroscopy 1s not reliable enough
to permt such a specific staterent, but the method 1s useful 1n diag-
Rosts and rechecking of therapeutic progress, and deseryes, therefore,
more general application
Measurements

The
summig\m:\'hh process in the mongolotd child results finally in a
e l;]grﬁ{\:t 011:7 dwarfism The growth patterns are best demon-
oy bhl;re , which gives the measurements of 175 outpatients

oo rln ulatory subjects that have undergone treatment *

a %
y2aing figure 17, the follow 1ng observatons are pertinent”
In the age
e group from birth to 1 year, 66 per cent
‘“dl:Gmpu cent ate definttely be]o\’vl a engr e hithan the normal range
€ age group from 3 to 4 2

and &6 T o blow a\em(;;e years, 32 per cent are within the normal range

“Th,
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velvety skin of the mongoloid baby is distinctly different from the
skin of the cretin. The subcutaneous tissue contains much fat and is
pufly. The skin appears marmorated at the trunk and thighs because
the capillaries are marked and congested. The skin of the cheehs is
often strikingly red, this redness being sometimes circular or spotty
and quite different from the color normally seen in children’s cheeks.
. As the mongoloid grows older, his skin rarely retains the character-
istics described above. According to the degree of thyroid deficiency,
the skin becomes thick, dry and rough, and various degrees of my-
edema may be found. The skin tends to be wrinkled and is susceptible
to eczema.
Hair

The hair of the mongoloid 15 generally fine, silky and straight. Most
mongoloids of mixed Anglo-Saxon stock have fair hair with definite
lack of pigmentation. Those of Mediterranean stock have dark hair
and more pigment, but it is noteworthy that they also show less pro-
nounced characteristics than do those of northern races. The hair
becomes dry with increasing age, and partial or complete baldness is
nat rare. I have seen three Negro patients with mongolism whose
hair was black, and rather strong and curly

The absence of the apocrine glands and hair in the axilla has been
reported by Shelley and Butterworth. Alopecia (baldness, partal or
complete) 1s not rare in both sexes

Heart

The most common anomaly of the heart 1s a congemtal septum
defect With regard to the Irequency of this anomaly, statistics vary
because of the different material that has been accessible to varous
vestigators. Children with a severe septum defect are likely to die
early, and 1f autopsy matenial of children’s hospitals 1s exanuned, con-
genital heart defects may range as high as 75 per cent. If, however,
survivors beyond the first decade are examrned, a septum defect 15
found n about 25 per cent, This defect s clearly andible, but it does
not interfere with the activities of the cinld It 1s rare to see a mon-
goloid child suffer from acute heart failure, although during themr
frequent infectious diseases the heart may give reason for concern
Even more important than the septum defect 15 the general infantil-
ism of the vascular system. The aorta is thin and narrow, and all the
main trunks are definitely undersized One wonders how the mon-
n display so much actvity. The peripheral vascular

goloid child ca
listended and congested. A great variety of other heart
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The measurements show that the mongoloid newborn xs.oflen
shghtly shorter than average, measaning between 18 and 20 inches
(46 to 51 cm) Jength. The weight varies greatly, lmden\exght_ as
wellasovern eight being obsersed, Te must he taken into consideration
that a lugh percentage of mongoloid babies are premature.

A relatn ely higher percentage of children » wh mongolism appear
to be wathin the normal Tange if compared with a standard measure.

- - -1 - ehe actual height, mongol-
. .erneight.

. - that grou th slons down
with increasing age and reaches an early standstill. At the end of the
growth periad, few persons with mongohsm exceed a length of 5 feet
(150 cm ) In 368 observations, only 14 boys and one girl reached a
hegft of over 5 feet.

There1s no close correlation between tlie early gronth rate and the
hesght reached at adulthood Some children who seem to grow fairly
adequately early in infancy reach a final height of not more than 4
feet. Other children who seem very much retarded in early childhood
show a grearer growth rate n their early teens.

In mongolism, growth at the distal ends of the long bones is in-
sufficient, Tesulting 1 a shorterung of the femur and humerus; but
ven tmore pronounced is the growth deficiency toward the distal ends
of all extremuties, that 1s, hands, fingers, feet and toes. Each bone
shous increasing hypoplasia the more peripheral 1t is Each center
Seems 1 be lard qut fairly normally, but since growth proceeds n the
periphery, anay from the center, we see a true “acromicria” (acros—
end, pomnt, micros—small)

[ e .“ =3
l\::nlty lls a* hypomorphy” (Das enport) with a well defined pathology
n \hich the growth of the dustal parts is predominantly involved,
.Ec:ng n‘xe to what I comprehend in the term “acromicria ™ The dif-
nee bene it
e ls\ ren a mongoloid and a normal premature baby 1s that
e ot Proportionate in us fearures according to the stage of de-
s mg‘m;‘;:‘ \\\\\}(h 1t has reached at the time of brthr The mongoloid
portionate, 1t shows a “rounding”
delay of dista) gronth. " of the feauutes hecause of
Ther, i
N le‘ :\;‘; degrees of growth deficiency It 1s not infrequently stated
P (;ure that mongolism is either present or not, that no
ety mulnﬂmy_;l_?ohsm are (0 be found Fanconi emphasized this
» he) i i
3 Teare no transitional forms between mongolism
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Fia 17 —Heuglt of 73 patients {whife cireles) who have undergonc treatment,
and 175 untreated outpatents (solid squares) Solid Imes indicate normal range
(estabhshed by H € Stuart, Harvard School of Public Health) Note striking
retardation m growth of the untreated mongolowd chrld (For dewmls see tent,
page 39, and chapter X1, page 243)

In the age group {rom 10 to 11 years, 20 per cent are within the normal range

and 72 per cent below average
In the age group {rom 12 to 18 years, 20 per cent are within the normal range

and 78 per cent are below normal
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SICAL DEVELOPSMIENT
Lop Bars- Simple Pattern
Strobusmus Nystagmes
cries
e bral Fissures

Siantiq Pelpel

Frotruding, Scected Tonque
Neck

Umbrlical Hernia

\.Curved Litle Finqer
Abnormal Sex Organs
eneral Hypotonia

(ouble jointedness)

armorated Sk
Soft, Flabby Texture
hort Toes,” Biq Gap, often
Syndactyhsm and Forking

of two Toes

hig 19 —Vanety of external charactenstics found 1n mongohsm

Bran Anomalies

" Abnormal Shape of Drbits
" tnder Develaped Nasion

and Nasal QOrfices
Hypoplastic  Maxilla
—_Dental Anomalies
—Hypoplastic_Thyrard
apesiese T
____Septum Defect and Other
Aromalies of Heart
~—Compensatory Hypert
usf:pnbxe Ve e e
Preumanitis (Frequent)
Mypuplaste Adrenals
Fetal Arrangement of Glomeruh

Hrpotomy

Mrormal Ovarial Fusction
ypoplstic  Escutcheon
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Y
')

Fic 18 —General infantihsm in :
mongolism Mongoloid girl almost
15 years of age, height 52 inches,
developmental age 9 years, develop-
mental quotient about 60 per cent
Note length of trunk and shortness
of neck, arms and legs, especially
feet, gap between big toe and second
toe, marked marmoration of skin of
thighs and lower legs, shortness of
hands, breasts sull completely un-
developed; no pubic or axillary hair.

and the normal ” However, there are gradations, and mongolism is
not a malformation or pathologic mutaton of a definite degree.
After birth the abnormal features of the mongoloid cluld become
more conspicuous with each passing week. In some cases it may, there-
fore, be well advised to refrain from judgment unul several weeks
have elapsed, when the diagnosts can be estabhished without doubt.
The fact that mongolism becomes more conspicuots is not due to an
increasing development of the pathologic featmes, but to lack of
normal devclopment. Everyone familiar with the growth of infants
knows the amount of development that takes place immediately after
birth and continues for the first two years The appearance of a baby
changes with every passing week In the mongoloid tius process of
molding is absent or strihingly delayed, and the unfinished appear-
ance of these patients becomes, therefore, increasingly more eviderit.
1 have described the physical characteristics which are present in
every case to a greater or lesser degree. Mongolism is :..Isn frequently
associated with a number of other malformations which have to be
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PHYSICAL DEVELOPMENT
Lop Ears - Simple Pattern
Stealusmus Nystaqmas
Lens Qpatities

Somiee eipehre Fisaures

Epicantbal Fold
Nose Bridqe Depressed
igh Narrow Polote.
Protruding, Scroted Tonque
ort Neck

Umbiical Herna

Four Finger Line

hort Hands

eneral Hypotonia

{double 10{&“1'\&55)
armorated Swiny

Soft, Flabby Texture

hort Toes,’ Big Gap, often

Syndactyhsm and Forking

of two Toes

tie 19 —Vaney of external charactenssties found m mongolism

Bran Anomalizs
" aAbnormal Shape of Ortats
T ~~"under Daveloped Kasion
and Nasal Orrfices
___Mypoglastic Maxilla
——Oental Anomalies
______Hypoplastic_Thyroid
Abrormal Thyrmus
Septum Defect and Other
Aromalies of Heart

Abrormal Ovarial Function
ypoplastic Escutcheon

Fic 20y,
' 20—Vanety of imternal anomalies 1n mangolism
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taken into consideration when the prognosis is discussed, The mal-
formations indicate abnormal fetal development of a more severe
degree than is present in the average mongoloid. The more mallorma-
tions are found, the less promising is any therapeutic effort.

Almost every type of malformation has been obseived m mon-
golism, and it is of little value to report each single case. In the follon-
ing I list the more frequent anomalies which may be found in addition
to features discussed before:

Cataracta zonularis, polaris anterior, centialis

Ectopia lentis

Coloboma lentis

Panophthalmia

Optic atrophy, deficiency in myelination

Exophthalmos

Occlusion of external ear

Septumn defects of nose

Hydiocephalus (rare), possibly due to rickets

Coungemtal clubfoot, hemiplegia, paraplegia

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

Heart Defects of mtra-auricular septum, patent foramen m':ﬂ?.
mtraventricular septum defects, pulmonary stenosis, Fallot's
tetralogy (pulmonary stenosis, defective intraventricular septumn,
hiypertrophy of right ventricle, dextroposition of aorta), patent
ductus arteriosus botalli i

Umbilical hernia, diastasis of abdommnal muscles, splanchnomicria,
microcolon, colon stenosis

Hypospadia, undescended testicles, fimosis, mfantiliom, hyper-
trophy of clitoris, absent minor labia, long, apron-like labm.
hypoplasia of uterus



CHAPTER 1V

ANATOMIC AND X-RAY OBSERVATIONS

ANATOMIC OBSERVATIONS
The Head in Mongolism

Figure 21 tabulates measurements of the normal circumference of
the shull and the arcumference of 125 golowd children. Three
poines shall be stressed 10 cousidering the normal growth of the
shull Furst, there 1s a remarkable increase during the first year of
hfe, duning whuch the head gains more than 10 cm 1n arcumference
Second, there 15 a steady, but slower, increase in size duning the next

5years of life, and third, there 15 a new impulse of growth after about
the twelfth year.

Anatomists are of the opinion that the last period of growth of the
shlt daes not greatly ncrease the brawn cavity but does increase the
size of the skull through development of the sinus system, especially
ol the frontal smus, through the development of the diploe of the
shult and through perosteal proliferation

In the mongoloid skull, there 15 a marked difference from the
notmal develop At birth the circumfe e 15 for the most part
within normal imus Only a few mongoloids show measurements
which are definitely below the normal. After birth, 1 the first few
months of life, the mongoloid skull shows a remarkable retardation 1n
grouth At the age of | year the shull does not even reach the size of
that of 2 normal 6 onths old child, and at the age of 2 years the
Mongolotd shull corresponds to that of 2 9 month old child The most
‘mpressive fact 15 that mongolowd children need almost 9 years to
teach the level of a normal 1 year old baby The mongoloid skull
Stops growth at an age of about 14 years, reaching 2 circumference
corresponding to that of normal children between 3 and 4 years old.

sLPIII,';\\rc 22 gves more details in regard to the growth disorder of the
; ull Ttas olnious that the failure in developmient is due to a marked
ack of growth 1n length

"T'\u‘-.mnhh of the skull 15 slhightly below the normal. The high
‘ Phalic index 15 therefore not due to a veal broadening of the skull
bt to the falure of gronth m length s

43
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A better understanding of the growth disorder will be reached by
comparing it with the normal development from birth to adult life.
To a great extent, anatomists have dvelled upon the changes of the
norma) skull which occur during the period of development and
which are persistent in spite of the encountered variations of familial
and racial appearance. In studying skulls, one places the specimen in
such a position that the so-called “baseline” or Franklurter hori-
zontal (2 line which runs through the inferior 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 newhom infant
differs from that of the adult in several points, and it may be useful
to mention a few measurements and proponions which are of im-
portance for the understanding of normal dexelopment as well as of
the mongoloid growth disorder. Most outstanding in the newbom

]
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T A% v T R T R w on_ w W wmw o 0»

ENRDNOLOGICAL  ABE N YEARS
=y

—— woanat cmtonee

- WoweOLOIB CHLIREN
Fic. 21 —Circum{erence of skull, normal development and in mon;;oh\n'l The
strasght ltne represents saandard values, dic dotted Iine obsenanars on 125 cascs
of mongolism Note the great delay of skull expansion the first year, 1 year
the shult arcumlerence of the mongoloid baby hardly equals that ol a b months
old chiid and at 2 years the skull crreuniferesice corresponds o th x‘: of a % manths
old baby. .\fter that time the skull expands slowly and lags about 2 mches belund

the normal.
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BT OF SKULL IN 128 HONGOLOS
. IOTH OF SKULL DX MORMAL SHILEREN
o LEAGTH OF BXULL, 14 123 MONILOIDS

e LONTH OF SKULL 1N NORUAL EHILIAEN

CENTIMETERS

CHRONOLOGICAL AGE (IN YEARS)

2
m?ﬁnf‘ ~Length and wadths of shull, normal standards and n mongolism The
ook s represent normal sgandards In mongolism growth of the skull in length
o puonally deficient, resulting 1n extreme brachycephaly The width of the
15 relatnely better developed but remains below normal )

shull are the lar,
e brain cavi
measured from tghe glabella t;yl;:le'li;é;:::ﬂu fafe Alvlegage piny
e point, 1s to 12 em
lsna'c,;renpaneltglsmdlh (b1p.), 95 em. The circumference of the sLuli
““!E\\On’lgrrxlla[ [llnches Inls:iudymg the proportions of the face, it is
d he vertical distance from th i
eorhy that he vertex to the nasion 1
2 that from the la )
oty ¥ ag tter to the alveolar point The orbi
comp ‘!:Eia:ldi;p(opomonalely large 1n the newborn 1nfant, and“iat:
o mb,:m!:“\clght of lthe orbital hole with the distance f;om the
al margin to the alveol i
g olar crest o
2:::}{ ()\m:mce measures less than the crb?\:eﬂ“;.]el\;\ictog';‘l;m tt'lhn e
0 the anterior nasal oint (oron.
oy spine (acanthion) to the alveolar poin
dcmlz\ph: "1 “n but Jarge enough to provide adequate bfrtilnfo(xl-) r(l):‘
m““cnez“]:;:e[x ;cmh A Yast item of interest is the posttion of tl <
e ln}a:\ :e nllam(;»ocmpitﬂl jownt. According ta ernep[;e
hetmer 1t 15 1 the middLe of the base line, 1 o
n the anterior ai e i
nd posterior sectio; LSl o
ms being $:3 Growth of the
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A better understanding of the growth disorder will be reached by
comparing it with the normal development from birth to adult life
To a great extent, anatomists have dwelled upon the changes of the
normal shull which occur during the period of development and
which are persistent in spite of the encountered variations of famulral
and racial appearance. In studying skulls, one places the specimen in
such a position that the so-called “base-line” or Frankfurter hori-
zontal (a line which runs through the inferior 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 newborn infant
differs from that of the adult in several points, and it may be useful
to mention a few measurements and proportions whch are of im-
portance for the understanding of normal development as well as of
the mongoloid growth disorder. Most owrstanding in the newborn

J
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carenstosicat a6 ™ veers

116, 21 —Circumference of skull, normal development and in mongolism The
strught line represents standard values, the dotted hine obsersations on 125 cases
of mongolism Note the great delav of skull expansion m the first year, at ] year
the skull circumference of the mongolord baby hardly equals that of a :' months
old child and at 2 years the shull circumlerence correspornds to lll.’l’l of a 9 months
old baby Alter that mne the shuil Cxpands stowly and Lags about 2 iches belund

the nomal.
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eemmee WIBTH 27 JAULL W W13 MONL
e e DY ARULL e OREAL GRLOREX
e k¥ATH OF GEULL I 528 WOMOLOIDE

e LRNSTH OF BEULL 1 WORRAL CUILPXEN

CENTIMETERS
20,

2 3 A 56 7 8 TR W B1l bl
CHRONCLOGICAL, AGE {iN YEARS)
Fig 22t amet - -

st

hull are the farge bram cavity and the small face. Average length,
measured from the glabella to the ocapial pont, is 115 co 12 :m..
a::n;lgc partetal width (bip ), 95 em. The curcurference of the skull
nnte\fz‘ ‘,‘ur 23 5inches In studying the proportions of the face, 1t is
— ;‘ 1y thay the sertical distance from the Vertex to the nasion is
e 3 arge as that from the fatter to the alveolar pomt. The orbnal

newborn infant, and in

. 1 the distance from the

) will recogmuze that the

rom ll;c":x:‘ltc(r lﬂl:easures less than the orbital height. The distance

) S‘l()rlll n:;sal spine (acanthion) to the alvealar point {pros-

Qoo hut large enough to provide adequate besth for the

P :‘Scb“\&pe{ teeth A last wern of interest is the position of the
ot 2y ol the atanto-ocaimital intm $amm -

be .
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A better understanding of the growth disorder will be reached by
comparing it with the normal development from birth to adult ife.
To a great extent, anatomists have dwelled upon the changes of the
normal skull which occur durmng the period of development and
which are persistent in spite of the encountered variations of familtal
and racial appearance. In studying skulls, one places the specimen in
such a position that the so-called “base-line” or Frankfurter hori-
zontal (a line which runs through the inferior margin of the orbit
hole and the superior margin of the external auditory meatus) is in
a horizontal position. A perpendicular line 1s drawn through the
alveolar process in front of the face The shull of the newborn mfant
differs from that of the adult in several points, and it may be useful
to mention a few measurements and proportions which are of im-
portance for the understanding of normal development as well as of
the mongoloid growth disorder Most outstanding in the newborn

S
_
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CunoNOLONIEAL ASE N YEAAS

woRMAL GuiLDREN

svsoee MONSOLOID CMLIREN
Fic 21.~Circumference of skull, normal development and i mangolism The
strasght line represents standard values. the dotted hine abservations on 125 cascs
of mongolism Note the great delay of skull expansion in the first year, at 1 year
the shull arcumference of the mongoloid baby hardly equals dit of a 6 months
old child and at 2 years the skull arcumference corresponds to that of a 9 months

old baby After that time the skull expands slowly and lags about 2 inches belund

the normal.
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WioTH OF BKULE TN 123 OASLENY
e wipTA OF SEULL Th WORUAL THLARTH

e LR TH 08 BRULL [N 123 WONBDLEINE
e CANATH OF SEULL IR NORNAL SHRSREN

CENTIMETERS

CHACHOLOGICAL AGE { 1N YEARS)
G 09t ammrt =+ "
e T -

Shull are the large bram cavity and the small face Average length,
measured from the glabella to the accipital poing, 15 11.5 to 12 cm ¢
verage panewal width (bip), 95 em. The circumference of the shall
¥ em, or 135 inches. In studying the proporuons of the face, 1t 1s
noteworthy that the verucat distance from the vertex to the nasion 15
Wace as large as that from the latter to the alseolar point The arbeat
bofes appear Avenenss -

o,

» will recognize that the
o neasures fess than the orbial height. The distance
fom the anterior nasa spine (acanthion) to the aleolar point (pros-
thion) 15 shore but large enougli © provide adequate bereh for the
du:\npmg upper teeth A last seem of interes e eha v -
R0t pres v F

thene
Detwer
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A better understanding of the growth disorder will be reached by
comparing 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 occur during the period of development and
winch are persistent m spite of the encountered variations of familial
and racial appearance In studying skulls, one places the specimen in
such a position that the so-called “base-line” or Frankfurter hori-
zontal (a line which runs through the inferior margin of the orbit
hole and the superior margin of the external audrtory meatus) 15 in
a horizontal position. A perpendicular lme is drawn through the
alveolar process in front of the face. The skull of the newborn mfant
differs from that of the adult mn several pomts, and it may be useful
to mention a few measurements and proportions which are of im-
portance for the understanding of normal development as well as of
the mongolord growth disorder. Most outstanding in the newborn
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LI ¥ I R I R B ]

CHRONOLOSIEAL ASE IN YEARS

— noAMAL g
....... uomssLon

Fi6. 21 —Circumference of shull, normal development and 1 mongolism, The
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the normal
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e LEAETH ¢ SEULL 1N 128 HONROLETDY
L LEMATH R SRULL IN NORUAL EILIACR
NTIMETERS
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skull 15 relatuvely better developed but remains below normal

shull are the large bran cavity and the small face Average length,
measuredd from the glabella to the occipital pornt, 15 115 to 12 cm ,
average panietal wadth (bip.), 95 cm. The circumference of the skull
13tcm, or 135 inches. In studying the proportions of the face, 1t is
noteworthy chat the vertical distance from the vertex to the nasion is
Wiceas large as that from the latter to the alveolar point The orbital
holes appear disproportionately large in thie newborn infant, and in
comparing the height of the orbital hole with the distance from the
tower orbital margin to the alvealar crest one will recognize that the
latter distance measures less than the orbital height. The distance
from the anterior nasal spne (acanthion) to the alveolar point (pros-
thiny 13 short hut large enough to provide adequate berth for the
‘lt\dnpmg apper teeth, A last stem of nterest is the position of the
transverse axis of the atlanto-ocaipital jornt. According ta Fmriep, in
the newbors tlant 1t1s in the middle of the base hne, the proportion
between the amenior and posterior sections being 3:3. Growth of the
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1 BIRTH__

|
i Normal Yo

gAdult

F1c 23.—Comparison between normal skull and mongolotd skull The configt
ration of the skull () at birth, (B) an a young adult, and (C) 1 a mongolod
Note the large brain cavity and the small face at birth. The distance {rom the
bregma to die nasal root measures twice the length from the nasit root to the
alveolar crest Note the short distance from the nasal spine and the mferior orbit
margin to the alveolar crest Note shape of mnfantile mandible The transerse
ans of the atlanto-oceipital joint 1s mn the middle of the base line

The outstanding feature 1n the young adult 1s the mcrease m size of the facial
bones The lower margin of the orbrt hole is far apart from the alveolar crest
The mandible shows angulation,

The mongoloid skull preserves the fetal proportions aithough some mereise
1n size is notsiceable The face remarns smail. The nasion and masillx are under
developed, and the mandible shows fetal shape, The transverse ats of the at
lanto-oceipital joint 1s sull m the nuddle of the base Iine, or sometmes even
nearer to the [ront line,

shull base displaces the site of the atlanto-occiputal jomt backward
The proportion m a 10 year old child is about 4. 3, and m adult life,
5.3. The development of the musculature of the nech counteracts
the nodding of the head forward in upright position which takes
place if man falls asleep In the child the head 1s balanced. Durmg the
extensive growth which is going on n the first year of life. the ar-
camference of the shull mcreases 3 to 4 anches, or 10 cm, the ar-
cumference of the head at I year being 42 to 44 cm In the fifth year
of life, the circumference usually reaches 50 cm, or 20 inches These
measurements are of importance because during mfancy the skull
bones are thin and the stnus system not yet developed The circum-
ference offers, therefore, a fair estimate of the brain cavity and the
size of the growing bramn The mcrease of the size of the shall is
pmduced by growth of the skull basc 1 the hines of the cattilaginous
and membranous synchondroses and by osseous prohiferation about

the margins of the flat skull bones, the sutures acting like the epiphy-
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seal lines of the long bones Even :DU[T: ;:;%:;?:;:l;:s‘xgzallnfirfiasr;l? i
N p ‘ c .
glet:r:zlenfitnum;1::;32;:}1‘:50( ‘tlcxe alveolar crest increases rapidly;
|lise lower osbit margin moves farther and farther apart from ‘hg a}-
veolar crest, while the orbit holes gain very Iittle in suze. In the a 1“ t
skull, the distance from the nasion to the a}\'ﬂ)\“ point 15 e‘l‘:la IU;
the height of the forehead. The mandible increases m size an th
mandibular angulation becomes more m.arked el .
Comparison of the mongoloid Ekull ‘:'ul} the normal developmen
demonstrates impressiy * T °
mer Tospeak of “the*
sirilng vesemblance 1 . ' 5 s
alike these shulls are to each other, superimpositton of their outlines
conclustvely demonstrates whether the orientation be lateral or facial.
Nor 15 there any reason to believe that increased age would have al-
tered their man characteristic” Thus is well demonstrated by Greig,
who superimposed the ouatlines of three mangoloid shulls In figure
23 [ have outlined one goloid skull which d rate; well t.he
whole pathology The transverse axis of the atlanto-occipital joint
ssstill 1n the middle of the base line, i spite of the notorious brachy-
tephaly of the mongolowd skull This 15 due 1o the extreme shortness
of the skull basis 1n mongolism A second factor 15 the farlure of
growth of the maxilla and the nasal portion The proportion between
forehead and face 1s still fetal. The deficiency of development of the
maxilla places the lower margin of the orbit near the alveolar crest
and the distance from the nasal spine 1o the alveolar poim is as short
as1n a normal newborn baby The ncisor teeth have no space for
their roots and protrude. The angulation of the mandible 15 flat and
defimtely fetal 1n shape, but 1ts outline 1s somewhat confused by the
fact that the mental process 1s protruding and the anterior branch
ts bent Thus feature appears to me to be due to the fact that on ac-
count of the underdevelopment of the maxilla and the teeth, the
mandible does not find the normal counteraction The strong muscle
pull bends the anterior ramn of the mandible upnward

In summarizing the abnormality of the facial development of the
mongolowd shull, it appears striking that the mongolowd skl is de-
ficent i grow th of all those structures which show the most marked
x\c\e\npfncm after Iurth, the nasal bone, ethmoid and maxilla, re-
sulting in a persistence of feral proportions of the face The outline
of the mandible is sometimes confused 1
trustan, and prognathism occurs owing
TaRictory apparatus,

n later life through pro-
to muscle traction of the
but these secondary changes do not mfluence
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Fic 23 —Companison between normal skull and mongoloid skull The configu-
ration of the skull () at birth, (B) in a young adult, and (G) 1n a mengoloid
Note the large brain cavity and the small face at birth The distance from the
bregma to the nasal root measures twice the length from the nasal root to the
alveolar crest Note the short distance from the nasal sprne and the fertor orbit
margin to the alveolar crest Note shape of mfanule mandible The transverse
axis of the atlanto-occipital joint is 1n the middle of the base Ime

The outstanding feature 1n the young adult is the merease m size of the factal
bones The lower margin of the orbit hole 1s far apart from the alveolar crest
The mandible shows angulation

The mongoloid skull preserses the fetal proportions although some increase
11 size is noticeable The face remains small The nasion and mailla are under
developed, and the mandible shows fetal shape The transverse axrs of the at-
lanto-ocaiprtal joint 1s sull 1n the muddle of the base Ime, or sometines cvent
nearer to the front imne

shull base displaces the site of the atlanto-occipital jomt backward.
The proportion in a 10 year old child 1s about 43, and wn adult hife,
5:3. The development of the musculature of the neck counteracts
the nodding of the head forward n upright position which takes
place 1f man falls asleep. In the child the head is balanced During the
extensive growth which 1s going on in the first year of life, the cif
cumference of the skull mncreases 3 to 4 inches, or 10 cm., the ar-
cumference of the head at 1 year being 12 to 44 cm. In the fifth year
of life, the circumference usually reaches 50 cm, or 20 inches These
measurements arc of importance because duting infancy the skull
bones are thin and the sinus system not yet developed The circum-
ference offers, therefore, a fair estimate of the brain cavity and the
size of the growing brain, The ncrease of the size of the skull is
produced by growth of the skull basc in the lines of the cartilaginous
and membranous synchondroses and by osscous !)mlifcrminn about
the margins of the flat skull bones, the sutures acting like the epiphy-



ANATOMIC AND X-RAY OBSERVATIONS 51

the essental feature of mongolism, which consists in the failure of
development of the protruding structures, the summits of the fixcei
The micrognathic deficiency 15 only a part of the picture. The skul

basts remanns short on account of the insufficient growth of the syn-
chondroses spheno-ocaipitalis and spheno-cthmoidalis .Another fac-
tor which contributes to the shortness of the shull base is the absence
of development of the frontal and sphenowd sinus. A brief glance
over the picture of a transyerse section through the normal shuil re-
\eals how defimtely the sinus expansion influences the skull shape

By elumunating the stnus system from the skull, one obtains the true
outhne of a sagittal section through the mongolord shull (fig. 24).
Another factor 15 the failure of the flat shull bones to produce suffi-
clent growth at the bone margins, Thus fatture is indicated clinically
by the slow closure of the fontanels, which remamn patent for several
yeats It 1s also indicated by the remainder of sutures which disappear
normally shortly after birth {frontal suture and sagutal suture) and
Alie creviced sutures at the skull basts which were found by Greig

A last stem worth mentioning 1s the thinness of the flat skull bones
owing to failure of diploe development. In my autopsy material, the
shull bones measured 8 to 4 mm only instead of 6 to 10 mm , except
inafew cases 1 which marked bran atrophy had 1ncreased mternal
bane proliferation The mongolord skull 15 extremely hght, and the
shull bones are sometimes paper-thin, with irregutar foramina where
ossification 15 wanting

Ossification

1 we compare histologically the three disorders chandroducnta- -

. e > avsnee early and replaced by ossified tissue
‘n actintsm, growth of the bones of the skull is delayed because of
ek of transformanion of carulage into bony tissue The cartilaginous
$pACes 1 cretmism are open much longer than 15 normal,

In mangolism, another aspect of ossificaion manifests jtself, The
&)l]!(hnndr(ms spheno-cthmoidalss, in contrast to the synchondrosis
sphena apitalis, consists of fiirous tssue, Tt undergoes ossification
n‘(/(?ridmg 10 the process which unites the sutures of the skull and os-

HE 21 (Cantumsed) — e sphereod s s T
B poplastic: This hadt- -
and sphenand 1s o B
mbantle forchead
plane than norm, -,
wnee of iy,

fe sphienoid sinus 35 missine and e

e Formation of the flat skull bangs  ** Y0 Y ™RMa and ab-
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Tic 2t —Skull dragrams, normal and 1n mongolism (1) Diagram of a skull of
a year old chld after Virdiow Note cartilaginous disk between clivus and
sphenoid body (D) and cartilage separating the sphenord body (A) Durnng de-
velopment the anterior part of the sphenotd body moves downward and resumes
« more horizontal pusilmm Note site of future sphenond sius and frontal sinus,
(2) Diagram of a normal adult shull. Note large size of sphenaid sinus and frontal

sinus, and nate influence of these sinuses upon configuration of shull and face

ingram of a mongoloid skull
() Dingram * (f egend contunued on facing fage)
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e essential feature of mongolism, which consists in the failure ot
deselopment of the protruding structures, the summits of the face.
The micrognathic deficiency is only a part of the picture. The skull
basts remains short on account of the msufficient growth of the syn-
chondroses spheno-occipitalis and spheno-ethmoidalis. Anoder fac-
tor which contributes to the shoriness of the skull base is the absence
of development of the frontal and sphenoid sinus. A brief glance
over the picture of a transverse section through the normal skull re-
veals how definitely the sinus expansion influences the skuil shape.
By ehminating the sinus system fror the skulf, one obtains the true
awine of a sagittal section through the mongoloid skull (fig 21).
Auother factor is the failure of the fiat shull bones to produce suffi-
cient growth at the bone margins ‘This failure is indicated chnically
by the stow closure of the fontanels, which remain patent for several
years Teisalso indicated by the remainder of sutures which disappear
normally shortly alter birth (fronwl suture and sagitral suture) and
she creviced sutures at the skull basis which were found by Greig.
v ) c . of the flat shull bones
" autopsy materiat, the
, ) of 6 to 10 mm,, except
ina few cases in which marked bratn arraphy had increased interpal
Lone proliferatton The mongolord skull 15 extremely light, and the
bl bones are sometimes paperthin, with wsegular foramina where
owtlicattant 15 wanting
Ossification

i e o e orrodtpa
s 1 N y say that in chandrodysplasia grow th
O the bse of the shull is atrested because of lack of derelopment of
((hc anilage, which 1s absorbed early and veplaced by ossified tissue.
I:\({r(c’;l‘mm\, growth of the l?unes of the shull is delayed because of
transformation of cartilage mto hony tissue. The carnaginons
:mlcn n cretinism are open much longer than is normal. ”
;}"?hr:"n(x‘);:,:;!lsxm another as[‘)k‘cl‘o[‘msiﬁc.iuon manifests itself, The
thmw(m s([)):cr,o-e}llnlolﬂa]ns, in contrast to the synchondrosis
Jtmnlm.v“““[n 15, consists af m)ro.us tissue. It undergoes ossification
—‘-»__'in the process which unites the suruves of the shull and os.

B 2 (Contsnuedy —The sphenoad sinws 15
bbbt Vs Uewls. appears wpreghe,
" yphenond 15 missing, Note alnence
tnlanle forchead 1he whele ant
¥hne than narma .

missing and the sphenaid bod
v
and normal angulation between clivus
- af [m{u:d sinus, resulung in a straighe,
e luwx ;m ey is shoreer, Steeper and on a huvvhht-r.
ction of nason, i 4
senee ol ptoe Somanmm of the fae stult bones, Pypoplasia of mavilia and ab-
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sifies the membranous bones. In a mongoloid boy of 9 years and 8
months, the anterior clinoid process was found far apart from the dor-
sum sellae and no ossification was taking place. Only the edges ot the
synchondrosis and of the anterior clinoid process were heavily ossified
It is of interest that this synchondrosis formed a fibrous tongue pro-
truding into the sphenoid body In another specimen from a 15 yea
old mongoloid child the synchondrosis spheno-ethmoidalis was also
wide apart, without signs of ossification. This fact is of interest because
Timme described the shape of the sella turcica in mongolism and
noticed a pecultar appearance of the anterior part of the sella by xaay
exammation. The same observation was later recorded by Tumpeer.
Timme interpreted this change to be the result of enlargement of the
pituitary gland Microscopic examination, liowever, shows that the
radiographic appearance is due to the wide open synchondrosis and
that the shape ot the sella 1s independent of the size of the pituitary
gland 1 mongolism. Moreover, the appearance of the sella turcica in
mongolism corresponds to the x-ray appearance of a full term eminyo
1n which the sella turcica also is separated into two sections.

In 1916, Stoccada publisited a paper on the synchondrosis spheno-
occapitalis, 1ts normal development and the alterations occurring in
cretinism In this paper he described the synchondrosts at the time of
birth, during the first decade, the second decade and after further
growth had ceased My observations on control cases are in accordance
with those of Stoccada. It may, therefore, be worth while to record
a few ponts of interest concerming the development of the synchon-
drosis The cartilage which lies between the occiput and the sphenoid
bone does not form a stmple disk at the time of birth but contnues
to develop toward the posterior clinoid process as a cartilage shide of
the same size as the disk, forming the rostral dorsum of the clivus
blumenbachiz and the posterior chinoid process. The cartilage disk
of the synchondrosis averages from 3 to 3.5 mm 1 thickness. The
cartilage cells form vertical columns in the center and are arranged
in horizontal columns toward the occipital bone and the sphenod
body. Growth occurs m two directions. The cartilage disk grons m
a vertical direction and the height of the disk ncreases steacily from
about 7 mm. at birth to between 13 and 15 mm. at the age of 17 years
The horizontal cartilage columns proliferate 1 the same manner as
the epiplryseal tines of the long bones The thickness of the cartilage
disk is about 3 mm. and remains this size for almost the first 20 years
of life. At about the age of 20 years the cartilage becomes gradually
absorbed and disappears. According to Stoccada the area of prohifer-
ation measures between 200 and 300 p and the area of ossification
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. e - ) ~at seen in the ribs
r be mentioned that
+ active toward the
t year the cartilage
frequency shous a tongué-like protrusion nto the sphe'nold b.ody.
Therefore, the synchondrosis appears ¥-shaped. This cartilage
tongue was found regularly in my material . . .

Although the histologic appearance of the cariilage in cretinism
and mongolism appears to be somewhat smilar at first snght, there
are marked differences 1f observed in more detail In cretinism the
crtilagwous border of bone forms a straight line wi}h few or no
primary medullary cavites The ridge of ossification is rather thin
The preparatory columns show a normal appearance; the carnlage,
however, degenerates nhen lack of thyroid is not corrected by therapy
or1s experimentally produced by complete thyrotdectomy. According
to Stoccada, this 15 easily recognizable; the marrow caviues are rare,
irregular m shape and separated from the cartilage by a ridge of bone.
The disorder of ossification causes a persistence of cantilage Siegert
and Stoccada wterpreted the lack of ossification as bemg due to a

deficiency of the bone marrow, which 1s not able to absarh the cared
la=-- )

N :
N ,
a wwsusnvatiun UL UL spongtosa is not delayed There are a
wumber of medullary avinies. The border of the bone is arcade-
shaped Lack of prolileration of cartilage is easily recognizable, The
arulage disks are extremely small, and proliferation and formation
of preparatory colurns are arrested.

These observations are 1n accord with Lauche's studies of meta-
tarsal bones His cases | and 4, mongoloid children aged 4 and 18
months respectively, shoned a lack of carul pro-
Ueration, "The cartilage was found 1o be coneted with a :nore or less
thiek rdee of bany tssue which separated the cartilage from enlarged
mirrow cavities. In cases 2 and 3, children 10 ang 12 months %;ld
Tepectny cl),_shglu traces of carulaginous proliferation were sull yec.
rV',,m.mhlc The bony ussue formed transverse Tidges paraliel to th
Guilage border, which caused the formation o? small seconda N
e spaces Lanche pointed out that i normal children vtl
focs an duning the ossification period, excent in sha o1 growth
catilage e nem 1 - '

Tevted,
Rawon -

Aprasts were not hnger-dike proc.
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esses, but occurred in the form of rounded, knob-like projections jnto
the zone of cell columns, and that consequently the spongy bone did
not consist of Jong tracts of bone but rather of rounded cavities.

The few studies of the growth of bone i mongolism are well in
accord when the same bone structure is concerned. It is the distal and
not the proximal epiphyseal lines that are noteworthy. Morcover, one
has to bear in mund that growth in mongolism is somewhat irvegular
and pertods of retardation may be followed by periods of more active
growth.

The facts presented above—especially the more regular appearance
of the centers of ossification, but delay of further growth, the small
size of the cartilage disks, and the general growth disorder imolving
not only the cartilaginous epiphyseal [ines but the membranous bones
of the skull—indicate that the growtl disorder 1s definutely different
from that of creunism. If the arrest of growth were restricted to the
skull, the simplest explanation would be that the lack of development
of the brain is the cause of the lack of further devclopment of the skull.
Such an explanation 15 correct for many forms of microcephaly in
which the growth of the brain is arrested whule the growth of the body
continues undisturbed Although 1t 1s true that many microcephahc
patients remawn dwarfs and that general endocrine deliciency is fie-
quently associated with mucrocephaly, the arrest of growth of the
brain and of the shull precedes the arrest of the growth of the body
for many years Microcephalic patients show a striking disproportion
between circumference of the shull and the rest of the body, and ob-
servations prove that these patients grow at a normal rate during the
first years of hife while the skull remains undersized Not until several
years of Iife have passed does the growth disorder of the body become
apparent. The fact, however, that i later life microcephaly is ffc-
quently assocrated with a general endocrine disorder indicates an in-
fluence of the brain on the endocrine glands. In mongolism measure:
ments and studies of brain development indicate that dunng the first
half year of life the weight ol the brain corresponds to normal, while
at the same time a general growth disorder of the skutl and the kg
bones 1s recognizable. The arrest of differentiation and the ahsence of
growth stimulation apparently p.lr:lllcl the arrest of further develop-
ment of the brain but do not depend on it. Moreover, the alterations
of the vertebrae and of the long bones are independent of the brain
clop at the same time that arrest of growth of the shutl occurs.

X-RAY OBSCRVATIONS

The value of a-ray stucies for the recognition of hypothyroidism
centers of ossification appear successively

and dev

rests upon the fact that the



9 X 55
ANUTOMIC AND A-RAY OBSERVATIONS

over 2 period of about 14 years. The union of epiphyseal lmse.s ot :’;::
sarious bones is spread oset a period of more dhan 25 years mlce:1 .
clendar of ossification from birth to_adulthood is well establishe :
s 7ags offer an unparalleled opportunity 1o chech on the pwg?{:s ol
osseans des elopment thronghowt hife. Th‘& ée&ermmmon of the “bone
age wa standard method for the recognition of thyrowd diseases.
Unfortunately very Irttle use of radiologic sm'dles‘ has‘\)een made in
wengolism, 1 spite of the faey that %-1ay examinadon is nat or}ly ex-
wamely wseful for the definite diagnosis of mongolism, Dbut is ako
belpful for the evatuation of the condition and for periodic chechups
of cases under treatment. In 1922 Willian Chift presented » thorough
study of roentgenologic findings in mongolusal which confirmed his

opinion that the s-ray appearance of the mongoloid's osseous system
ep the opy of &

y.

Fatlter mvestigators placed empliasis upon an s-yay study of the
sellz turcica The outline of the selfa is, howeser, not abnormal in
mongohsn (Gordon, Rell, Benda) Pancoast, Pendergrass and Schaet-
fer in their book The Head and Neck in Roenigen Diagnosis vefer
anly te Schuller, and mention that “the sutures and fontanelles are
abaarmally long in closing, and may remain open from three to five

yearsafter birth Schuller states further that round defects may occur
w the suture lines™

Theonly newer xray study on same aspects of mongolism was made
by Spatzer and Rabtason. They found that in mongoloids,

botly ntexitia and mandible wcre underdeseloped along with the generalty re-
wrdad gromih The manditdar angle was obtuse, the ascending rami short and
the horurantal part Jacked sertical herght In a number of cases delayed growth
of the .hm‘ skeletan and proporonal mavdlary anernonash N

R e wi teeut, mattormavon of shape and stze
in the pumanent dentivon were charactenstic features in Mongols Two s
nnetise types of lston were seen, microdonta and malformations of shape re-
sutung in haplodant. stutued teeth Bads affections were always symmetrical in
bt upper an lower W8, bt vanyng i degree in the difierent groups The
3heolar sidge v st 40 e bty rare o - 2 ¢ P

e
si Wdiographn comtesed the appesrance of @ dgsturmonic prowth and of
0 mmmatare dental satem Tyulence of rongenieal aplasia ol o
S K of treth was abtained in 21 out of 28 cases. 1 adduian fo o
Mnmesd pnsdaterst anodontia Only

adduion five cases
alwenice of any oo group

wa patents in this group had ne tongenital

The erupnnn of the permanent dentition was delryed in 18 ses The dela
A v
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esses, but occurred in the form of rounded, hnob-like projections into
the zone of cell columns, and that consequently the spongy bone did
not consist of long tracts of bone Lut rather of rounded cavitics.

The few studies of the growth of bone in mongolism are well in
accord when the same bone structure is concerned. It is the distal and
not the proximal epiphyseal lines that are noteworthy, Moreover, one
has to bear in mind that growth in mongohsm is somewhat irregular
and periods of retardation may be followed by periods of more active
growth,

The facts presented above—especially the more regular appemance
of the centers of ossification, but delay of further growth, the simall
size of the cartilage disks, and the general growth disorder iny olving
not only the cartilaginous epiphyseal ines but the membranous bones
of the skull-indicate that the growth disorder 1s defintely different
from that of cretinism, If the arrest of growth were restricted to the
skull, the stmplest explanation would be that the lack of development
of the brain 1s the cause of the lack of further development of the sLu!I.
Suclt an explanation 1s correct for many forms of microcephaly in
winch the growth of the brain 1s arrested while the growth of the lmd)‘
contmues undisturbed Although 1t 15 true that many mcrocephalic
patients rematn dwarfs and that general endocrine deficiency is fre-
quently associated with microcephaly, the arrest of growth of the
bramn and of the skull precedes the arrest of the growth of the lx‘)d)'
for many years. Microcephalic patients show a stiking disproportion
between circumference of the shull and the 1est of the body, and ob-
servations prove that these patients grow at a normal rate durmg the
first years of life while the shull remains undersized. Not until severaf
years of hife have passed docs the growth disorder of the body become
apparent. The fact, however, that in Jater hie microcephaly s fre-
quently associated with a general endocrine disorder dicates an n-
fluence of the brain on the endocrine glands. In mongolism measure-
ments and studies of bram des elopment indicate that during the first
half year of life the weight of the brain corresponds to normal, winke
at the same time a general growth disorder of the shull and the long
bones 1s recognmizable. The arrest of differentiation and the absence of
growth stmulation apparently paraflel the arrest of further devclopr
ment of the brun but do not depend on it Morcover, the altetanons
of the vertebrae and of the long bones are independent of the bram
and develop at the same tme that arrest af growh of the shull oceurs.

X-RAY OBSCRVATIONS

The value aof x-ray studies for the recogmtion of hypothyrodism

rests npon the fact that the centers of osafication appear successively
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was not uniform and considerable variations occurred from case to case. It is of
particular 1nterest that two Mongolian sisters both had similar lestons in the
teeth and skull

The charactenstic changes of the dentition consisting of partial anodontiy,
malshaped teeth and delayed eruption, m several of the Mongollan patients
were similar to those observed in the very rare, ectodermal dysplasia and in
cranioclerdodysostosts. Not one of the patients investigated showed precocious
dental deyelopment

In turning attention to the proportions and the angulation of the
skull base and face, x-ray pictures of the mongoloid skull are ol in-
dispensable value for an understanding of the anatomy. One x-ray
picture will demonstrate the essential items better than the descrip-
tion of many skulls (fig. 25). It is obvious that the sphenoid body s
smaller than normal and, most important, 1ts position 1s more upright.
The distance from the anterior clinoid process to the acanthion is
shorter than normal, and the plane of the cribriform plate is displmccd
to a higher level. The smallness of the maxilla is remarkable. The
nasal spine is close to the alveolar ridge, and the ridge appears on the
same level as the sella instead of being on the same plane with the skull
base. The axis of the atlanto-occipital jomt is nearer to the face line
than to the occiput, indicating the smallness of the bones formmng the
skull basis and the facal scaffolding.

Another 1tem is the condition of the shull sutures. All sutures may
be separated, and one may find that the sagittal suture is not m ap-
proximation and the parictal bones are separated ¥4 cm. or more. The
frontal suture, which normally disappears within a few days after
birth, may be found open even several months to years after birth.
The same delay is recognizable about the lateral fontanel and those
sutures which cross the sides of the skull.

It is noteworthy that the lateral view does not always reveal brachy-
cephaly 1 infants. Later in life, brachycephaly 1s a persistent fearure.
The posttion of the sphenoid body remains abnormal throughout
life. Sinus formation is absent, and the sphenoid body remains small.

The confusing featnres of the anterior cavity are hetter under-
stood when compared with anatomic obsenvations made at autopsy.

The anterior cavity in cases of mongolism is characterized by the
extreme protrusion of the roofs of tle orbits. Shght projection of the
roofs is normally observed, but in patients with mongolism they form
a marked protuberance. The cribriform bone is short and u:lrnrlcd
and forms a small, deep valley between the arches of the orbits. An-
other peculiarity of the roofs of the orbits is that they ascend laterally
toward the frontal bone without leaving any deepening between the
top and the facies temporalis of the frontal squama. This gives the
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anterior cavity as a whole 2 curved shape, the floor sloping }xdp\t)vard
anteriorly and laterally ronard the frontal bone. The s?l\emn one
is small and the body of the bone un(%crd'e\'elo.ped‘ It is nouéworlhy
that neither the frontal nor a sphenoid sinus is to be seen in cases
of mongolism. Although these sinuses are not [\\!\y de\:doped before
the seventh year of Life, slight pnewmatization is noticeable several
years hefore that age, and comparson of the narmal body of the
sphenoxl bone and that n cases of mongolism reveals that the Jatter

1s underdeseloped :
The muldle cavity appears deep and is overshadowed by the project-
g major wings of the sphenoid bone. The posterior cavity shows
typical signs The occipial squama is steep and upright, instead of
lytaz 1n a rather horzontal pastton behind the foramen magnum.
Sometimes the occiput slopes 1 a way that continues the line of the
spine The foramen magnum 1n several cases was observed to be small

and wransversely ellipsoid, showing so-called frontal stenosis
A postero-anterior v1ew adds an important fact to the previous ob-
s«naton In a normal skull the supraorbital notch indicates the
fuzhest pomt of the supraorbial margin Laterally, the margin curves
downnard and aruculates at its external end with the frontal process
of the zygomatic bone In the mongoloid skull the supraorbital border
Tollows an upward cunve toward the external end, forming at this
pomnt a vather sharp angle with the zygomatic process Therefore, in
ases of mongolism, the supraorbital notch does not represent the
bizhest elevation of the upper orbital margin. As a matter of fact,
e slanung eyes of patients with mongobism are caused by slanting
othatal openings: A study of the upper orbital margn 1n cases of mon-
z:l"lh:m mdicates the deformty of the shull and 1s suggestive of the
" :‘,:\‘Vr;n of mongohsm The .\lnngo\mp race does not sho.w such an
lvlrm.nl ‘:"l’:::imc of the orbital margin Lack of Iom\au.un of the
2 castly recogmizable 1 the postero-antenior view of the
ult of 2 mongolond ¢hutd alter the sesenth year.
L e o, 1T Sl
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tneen nasal root and crest of upper 3w Note smallness of malar hones (1, mid
dle) Diagram of frontal section through adult skull* note the defferent shape of
and the great deselopment of moxitia.
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(I egend continued on Jucing page)
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anterior cavity as a whole a curved shape, the Hoor sloping EI{““:“‘
anteriorly and Iaterally toward the frontal bone. The s}_)hcnm« nc.
55 small and the body of the bone xmdcrdc\elovpcd« Tis noxc_horlhy
<hat neither the frontal nor a sphenoid sinus is w0 be seen in cases
of mongolism Alhouch these sinuses are not [u!ly dc\. eloped before
the seventh year of life, shght pnenmatization is noticeable several
years before that aze, and comparison of the normal body of the
sphenoid bone and that in cases of mongolism reveals that the lateer
15 underdeseloped .

The middle casity appears deep and is overshadowed by the project-
g major winss of the sphenoid bone. The posterior c:\.iv, shows
wpical szns. The occipital squama is steep and uprizht, instead of
Inng in a rather horzontal posinon behind the foramen magnum.
Sometimes the occiput slopes in a way that continues the line of the
spine. The foramen magnum 1n sexera} cases was olnerved 10 be small
and wranstersely ellipsoud, shoning so-called fronwl stenosis

A posteroanterior view adds an important fact to the previous ob-
servation. In a normal skull the suprorbital notch indicates the
hirhest potnt of the supraorbital margin. Laterally, the marmin cunves
downward and articulates at its external end with the frontal process
of the zygomatic bone In the monzoloid skull the supraorbital border
follows an upward cune toward the external end. forming at this
Ppomt a2 Tather sharp angle with the zygomatic process. Therelore, in
cases of mongolism. the supraorbual natch does not represent the
highest elevation of the upper orhital margin. As a marter of fact,
the slanting eyes of patients with mongolism are caused by slanting
orbital openings A study of the upper orbitat margin in cases of mon-

:,":)Iism ndicates the deformaty of the skull and is sugzestive of the
snosis of lism The Mongoli

1 race does not show such an
upward cunature of the orbital margin. Lack of formation of the
frontal sunas 15 easily secognizable in the postero-anterior view ol the
skull of a mongolotd child aiter the seventh year.

In mongolism the appearance of ossification centers is
*etarded and as 2 whole is irreqular. In the majoriey o
capitate 1 - . AN ' .
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anterior cavity as a whole 2 curved shape, the floor slaping pﬂmrd
antenorly and laterally toward the frontal bone. The sphenoic m;u:
15 small and the body of the bone und.erd.e\ C]0}7ﬂ‘~ It 1s noreworthy
that neither the frontal nor a sphenoid sinus is to be scen in cases
of mongolist. Although these sinuses are not [u.lly (le\'clupcd before
the seventh year of life, shight pneumatization s noticeable several
years belore that age, and comparison nf.lhc normal body of the
sphenoid bone and that in cases of mongolism reveals that the latter
15 underdes eloped. .

The middle cas ity appears deepand is 0y trsh:ulm\e.(l by (hF project-
mg major wings of the sphepoid bone. The posterior caity shous
ypeal signs The acapital squama is steep and upright, instead of
Iying 1 a rather horizontal position behind the foramen magnum.
Sometimes the occiput slopes in a way that continues the hine of the
spe The foramen magnum in several cases was observed to he smatl
and transversely ellipsoid, showng so-called frontal stenosis.

A postero-anterior view adds an important fact ta the previous ol
senauon In 2 normal skuil the supraorbital notch indicates the
ighest point of the supraorbital margin. Laterally, the margin curves
downuward and articulates at 1ts external end with the frontal process
of the zyzomatic bone. In the mongoloid skull the supraorbital border
fallows an upward curne toward the external end, forming a1 this
pomt a rather sharp angle with the zygomatic process Therelore, in
cases of mongolism, the supraorbital notch does not represent the
highest c}evmon of the upper orbital margin As a mauer af fact,
the slzmmg.e)es of patients with mongolism are caused by slanting
;:l’l‘::: ?‘)\’j“:‘é‘ 3‘ ﬁ:;dy of the upper orbital margin in cases of mon-
dzmons of mf)snnli cfo;nny of (hg skull and 1s suggesuve of the
up\?ard cunamr:o l[sn: he Mongolian race does not shn.n such an
frontal sy emf the "or.h:ml margin. Lack of (or.maufm of the

shull of 2 mnwvo‘oig :;C\?Sn;nbl;m the posteroanterior view of the
In mOnnoh;n o afer the seventh year.
B ¢ appearance of ossil

fication centers is frequentt
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After the first three centers have appeared, eruption of new centers is
usually delayed until the age of 4 or 5 years, and many a mongoloid has
at that point a bone age of 6 to 12 months. After 4 years of age, the
appearance of ossification centers is more accelerated. At the age of
15, most mongoloids have a complete set of metacarpal bones, and fur-
ther growth is arrested.

By x-ray examination the mongoloid hands show some more peculi-
arities which are not present in cretinism. The bones are delicate,
slender and short, and calcification is poor. In a large percentage, the
first metacarpal bone of the thumb, which normally has a proximal
epiphysis, will show in addition a distal epiphysis. The first metacarpal
bone of the index finger, which normally has a distal but not a pro:
mal epiphysis, will show a proximal epiphysis in addition to the distal
one. Much more attention has been attached to the middle phalany
of the Iittle finger. Tlus is short and hypoplastic in a large percentage
of cases The well known curvature of the little finger is due to the
anomaly of the middle phalanx. Hefke has found a curvature of the
little finger 1n 62 per cent, while in my own material I have scen such
a curvature i only 36 2 per cent. It 1s, however, true that, cven if the
curvature 1s not outstanding, a slight anomaly is present 1n ahnost
90 per cent. X-ray studies of the hand reveal that the index finger also
shows shortness of the second phalanx m a considerable number of
cases. The end phalanges of all fingers are short and hypoplastic.

With regard to the postnatal growth of the hands, Hefke noticed
that the mongoloid hand is from 10 to 30 per cent shorter than 1 the
normal hand I measured the lengtl of the end phalany and the Icngl}l
of the first phalanx of the fourth finger in 28 x-ray pictures. In this
way, it became obvions that the first phalans 1s relatively shorter than
expected The proportion length of first phalan to length of third
phalanx was below 2 in 7 cases, with an average of 1 61; it was betneen
2 and 3 1n 18 cases, with an average of 243 In 2 cases the propornon
of 3 was found, and in 1 case the proportion of 4.1 was found In
normal x-rays the proportion 1s 2.5 to 3. We may conclude that those
structures which are expected to wcrease most in size are impaired
to the greatest extent, and since the metacarpal bones and the first
phalanges have to grow more extensively than the thurd phalany,
the shortness of those bones is more striking than that of the latter
There is, howeyver, an absolute shortening of all three phalanges, and
the thinness of the distal phalanx is an important item which docs not
appear in the mcnsurcn}t‘lll.nf(hc length. . o

Althougl: x-ray examination of the hands is snfficient in many cases,
it is frequently advisable to include xray plates of the pelvis and
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Fie 27 —X ray of hand of a mongoloid culd 3 years of age Most outstanding
15 the syndactyly, which 15, however, not too frequent in mongolism The x ray
shows several p which are freq found 1n lism Note the
distal epiphysis on the first phalanx of the thumb and a provimal epiphysts on
the first phalanx of the wdex finger Note the rudunentary middle phalanx of
the little finger and general shortness and delicacy of bones Note the deficiency

of calaficauon Only two metacarpal boues are present, and the epiphysis of the
radws 55 missing Bone age, 6 months

fermur These structures offer the adsvantage that, at the ame of burth,
the lower end of the femur should show an osstfication center, which
is expected 1n the nnth month of mtrauterine hife The center for
the head of the femur should be present at 6 months It ts important
to confirm the diagnosts of congenital thyroid aplasia by x-rays of the
legs, because 1n this condition the ossification centers witl be missing,
Reardation of ossification is frequently more marked m the pelv':s
than 1n the hands In my matenal on creunism the neck of the femur
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was found underdeveloped in all cases, and the head was litle calcified
Dislocation of the hip is not rare. Neck and shafts may form a right
angle later in life. The crest of the pelvic bone was irregular and the
cartilaginous structure was still present in a cretin of over 15 years of
age. A further peculiarity of the long bones of cretins is the presence
of rings in the femur and humerus shaft. Wieland has compared these
hines with the annual growth rings of trees. Goetzhy, Weihe and
Wieland describe then as areas of increased density or shadows, while
in my material I found the lines which cross the shaft at 2 certain
distance from each other near the distal end brighter than the rest
of the bone. The above authors consider these hines as manifestations
of “periadic athyrotic inhibition of endochondral ossification ™ The
relationship of these lines to rickets is a matter of argument.

It has been little recognized that in mongolism the ossification of
the pelvts and femur shows also greater irregularities than that of the
hands. In some cases the picture strikingly resembles that of athy-
roidism.

These few remarks may suffice to show that x-ray examinations in
mongolism are a most helpful aid in diagnosis and treatment and de-
serve more attention in the textbooks of roentgenology in future
cditions.



CHAPTER V

MENTAL DEVELOPMENT

INTELLIGENCE

In 1928 Brousseau and Brainerd wrote that “mentally we find that
wangol wiants show no peculiat defect or perversion that distin-
guishes them from other aments ™ The mental deyelopmcnt of the
mongolord 15, however, as characteristic as the physical development.
The statement quoted above shows how little was known about the
psychological peculianties of different groups of the mcl}tally Te-
tarded even 30 years ago. Retardanon in infants and children of
mental levels comparable to the mongoloid is usually the result of
bram injuty, encephalitis or a des elopmental disorder of the nersous
system The mongoloid child represents the clearest example of de-
celeratjon of mentation. The term “unfimshed children” 1s even more
appropnate to psychological development than to physical develop-
ment Shuttleworth, a great expert on mongolism, felt that “'the men-
tal condition of defectives of this type is almost as characteristic as
the physical

Spealing stanistically, the mental age of an merage group of mon-
goloid patsents of all age groups ranges between 2 and 5 years, L
Grant Tenmes found that the majority of cases remain on a low im-
becielesel ] E Wallace Wallin reported on a large number of cases
from St Louis and Ohio, and found that the St. Lows cases varted
from Binet age 2 to 78 and the Ohio cases from 2.6 to 6.8 M, W.
Kuenzel reported on mental ages ranging from 1 to 7. The highest
‘IE(;‘SS were recatded by G Pototzhy, who reported mental ages up to
1es
che

=+ so st UL liongolond development are not detectabl
> e
becanse tests imdicate the hmitations in langua;

ge, vocabulary, count-
: S s
lln§ avd solving certam experimental assignmeats, but they do not

dhe account of inherent potentualities and the capacity to make socia}
adjustments Figure 28 demonstrates the ment;

al development of mon-
63
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was found underdeveloped in all cases, and the head was little calcified
Dislocation of the hip is not rare. Neck and shafts may form a right
angle later in life. The crest of the pelvic bone was irregular and the
cartilaginous structure was still present in a cretin of over 15 years of
age. A further peculiarity of the long bones of cretins is the presence
of rings in the femur and humerus shaft Wieland has compared these
lines with the annual growth rings of trees. Goetzhy, Wethe and
Wieland describe them as areas of increased density or shadows, while
in my material I found the lines which cross the shaft at a certain
distance from each other near the distal end brighter than the rest
of the bone. The above authors consider these lines as manilestations
of “periodic athyrotic inhibition of endochondral ossificatton.” The
relationship of these lines to rickets is a matter of argument.

It has been little recognized that in mongolism the ossification of
the pelvis and femur shows also greater 1rregularities than that of the
hands. In some cases the picture strikingly resembles that of athy-
roidism,

These few remarks may suffice to show that n-Tay examinations in
mongolism are a most helpful aid in diagnosis and treatment and de-
serve more attention in the textbooks of roentgenology in future
cditions,
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understand why the mongoloid shows special character and ps)cl.m-
logical trarts which are entirely different from those of subjects with
other types of mental defect. The mongoloid is not really arrested at
any mental level before puberty, but his psychological development
1550 extremely slow that he is not capable of absorbing more than an
wfant during childhood and adolescence, and he is still a child when
Ius capacity for mental growth comes to an end.

Striking differences exist between the institutionalized mongoloid
and the one who remains with his family in the community, Figure
29 tllustrates the findings of a study which was made of 200 unse-
lected mongoloid children (black dots) who were seen in the out-
patient clinic of the Walter E. Fernald State School. Several aspects
of the chart are noteworthy Notice the extremely slow mental devel-
opment of the mongolowd infant. At an age of one year, not one had
reached a mental level of more than six months, and by the age of
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LI R T U T S R L ERTE Y
e

Fic 28 —Mental desvelog m gol Punctured hine, normal deselop
ment; unbroken line indicates mental age found in 132 mongoloid patents based
on 329 tests.

goloid patients in a state mstitution on the basis of 329 tests on 132
persons. The diagram shows the mean of different tests on diflerent
pattents for each age group. The values were corrected to avord un
reasonable ups and downs of the curve due to single tests which were
far out of ine It may be said, however, that the varations were 1cla-
tively shght, and no mongoloid in this study was far outside of the
average range for the group. The average mental age ranged from
2V4 1o 3% years. This study, however, 1s not representatine of all
mongolords and does not consider therr “social matarity.” Children
of this type develop much better if they have mdnadual care and
attention at home or in private schoals m which they e m small
groups. In large wnstitutions, in which the mongoloud is placed with
otlier types of mental defectives, no emphasis can he put on his spe
cial needs, and the majonty remain on a lower level of acluevement
than can be attamed with special attention. The chart, however, e
veals one startling aspect: It shows that between 1 year and 10 years
of age the mongoloid child passes through mental levels of ftom 1 1o
3 years. The mongoloid is an infant for the fust 10 years of his Tife;
in other words, it takes him 10 years to accomplish what the normal
child accomplishes in three years. With this approach, one can easily
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on ohservations made in the community outside of m‘sm‘u(m?i’.n:t‘

is of the greatest importance that medical treatment and educationa
g )

traiming be continued over a long period

EMOTIONAL RESPONSE

Mongolaid children, if treated wel'l, are often l(}\nl{le httle hm!‘gii
full of affection and tenderness. A visitor atan institution sutnmarizec
her observations as follows “As playmates, zh.cy are always I;;ngv,mg
and hissing one another with vague but genuine smiles of al ref“u‘;:
They come up and put their arms round the stranger a]s con ul?m !.
as2 puppy jumping up on a visitor, and though not understanding 7
word said to them, good naturedly answer yes to any questi

on, hoping
that will please ”

MIMICRY

Anastounding guft of mimicry has been considered one of the most
conspicuous psychological traits of mongoloids, and yet everyone fa-
miliar with child psychology knows that mimicry 1s the outstanding
characterstic of a normal child between 2 and 4 Time and agam
patents are dehighted and proud to see their infant child observe cec-
wn -t ° Tt
al
ay « swcusey UL LLIILLY 15 4 thost important psychological
asset 1n early cnldhood, and no normal infant would learn to talk or
eatand behave without an inbom aputude for mumery The facaly
of mumicry m the mongolod is, therefore, not a character trait of

this condition, but a mamfestation of his protracted mfancy. For
each devetop i step, the lowd

needs so much snore time
than the normal chnld that one may say he represents a slow motion

pleture of human development Since, in the majority of cases, the
film 15 broken esther by premature death or by arrest af mental
growth, the mental capacities are wever fully utlized

STUBBORNNESS

A word should be said about a very characteristic behavior pattern
of mongolod patients- their stubbornness Although the meamng of
the word 15 familiar to everybody, the underlying behavior has not
attracted suificient attention as an elementary psychological trend A
stubborn person 15 defined as “mfexible 1 opinion or §x’mcnuon un-
r;asonably obstinate, characterized by perseverance or pcrsistex,\ce"
. he psychsatric term “persey eration” has, however, a shghtly ddte}-
™ meamng 1t indicates a persistence of associations, thoughts and
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two, only a few had achieved the mental development of a normal
one year old. After the age of two, the mental growth proceeds at a
fairly uniform pace until the age of six, when the curve scems to level
off. In this study, only one child reached a mental level of more than
five years. The mental ages of the eight year olds, for instance, ranged
from as low as six months to as high as four years six months. The
untreated cluldren were compared with a group under treatment
(circles). The significance of these observations will be discussed in
chapter XI.

The potential mental development depends on the degree of bio-
logic maturity present at birth and the amount of training and ther-
apy given during infancy and childhood.

It is interesting to note that those writers, like Pototzhy and A. M.
Gordon, who have pubhshed data on higher mental ages in mongol-
ism, have dealt with mongoloid adults. In Pototzky’s material, the
highest mental age of pattents below 10 years of age was 5 ycars and
7 months. The pattent with the highest rating had received tramng
for the previous two years All patzents with a mental age above 7
years were chronologically above 18 years of age. We usually do not
utilize the mental plasticity of mongolaids in the second decade of
life. Training is stopped too early. Pototzky has also observed that
the “social maturity” of mongolouds 1s above thewr mental age. This
statement confirms the observation which [ reported above, that men-
tal age does not accurately suggest the personahity patterns of mongol-
aid children. Therr emational interaction with other persons enables
these children to participate in the actnvities of their surroundmngs

The mongolowd's difficulty with abstract thought 1s scen i his in-
ability to count and to understand the meanng of munbers Many
mongolotd children of 6 to 9, even those with a fairly good voabn
lary, have great difficulties 1 counung and wing numbers Arith-
metic concepts on a first to third grade level are impossible for the
mongolotd child. Howesver, not too much attenuon has heen ghen
to the development of number concepts in these chinldren, and earher
systematic training may be helpful.

The low opimun of the potentialities of mongoloid persons is based
on observations in large institutions or on stngle cases which have had
little attention Reports and observations on those mongolowds who
remain in the community or are pupils of smaller institutions show
that the number of mongoleid children who mamae an 1Q of 60
to 70 when growing up is not as sn]nll as one would expect from ear
Tier publications, This statement is hased on personal communca.
tions from ptycimlngiﬂs and parents from all over the conntry and
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on obsenyations made it the community outside of institutions It
15 of the greatest importance that medical treatment and educatianal
traming be continued over a ong penod

EMOTIONAL RESPONSL

Mongolowd children, 1€ treated well, are often lovable little beings,
full of affection and tenderness. A visitor atan institution summarized
her obsenations as follons. “As playmates, they are always hugging
and Lissing one another with vague but genuine smiles of affection,
They come up and put their arms round the stranger as confidently
asa puppy jumping up on a visitor, and though not understanding a

word said to them, good-naturedly answer yes to any qguestion, hoping
that will please "

MIMICRY

An astounding gift of mimucry has been considered one of the most
conspicuious psychological traits of mongoloids, and yet everyone fa-
wiliar with ehild psychology hnows that mumicry 1s the awtstanding
charactenstic of a normal child between 2 and 4 Time and agam
?‘ﬂ'rems are delighted and proud to see their infant child olsene cer-

© e ey Us LLILLCLY §S @ INOSE 1Mportant hologi

asset 1n early cIu]{ihood, and no normal infant \S:uld le:;’xcl:lgﬁzcz
f)ail;r:i})iha\e without an mqu aptitude for mimicry, The faculty
S m“g\nén ﬂ‘:e mongoloid is, therefore, not a character trait of
o oy n, ulla mamfestation of his protracted infancy. For
O no[:‘r‘n‘ert; ‘step‘ the mongolotd needs so much more time
picture of hun: < ‘; d that one may say he represents a slow motion
B pagpm an he\elopmenp Since, in the majority of cases, the
ety either by premature death or by arrest of mental
growth, the mental capacities are never fully utihued

STUBBORNNESS

Avor
o monggl:::?:gl ;28“ :.(:‘:.:::l;‘;u;;) :;ery cham;\tlel}':stic behavior pattern
ol - the ornness. Although the meanin
e S‘sl ﬂl_‘ucrlneltlllla;tw everybody, the underlying behavior has gn(r))i
b et 2 t;nuon as an elgmen(ary psychological trend. A
reasonably erons efined as x'nﬁexxble in opinion or intention, ;m-
The oy tina He.'.l Ehnnuenlgd by perseverance or persisle:’we -
et et temn perseveration” has, however, a slightly diff .
g icates a persistence of associations, thou")l,\tsI ::\:‘:
2!



68 THE CHILD WITH MONGOLISM

words from which the patient is unable to depart. As a behavior pat-
tern, stubbornness is the inflexibity of 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 situations With great patience, the stubbornmess may be
overcome in a certain test condition, but it remains a fundamental
tendency of the patient in all new situations. Contrasted with the lack
of attention and the distractibility common to many subnormal pa-
tients, I venture to suggest that the stubbornness of mongoloids is a
psychological manifestation of the peculiar discrepancy in the devel-
opment of the nervous system, in which the central subcortical areas
serving emotional responses are fairly well developed, while the “long-
circmiting” system of the cortex, serving the evaluation of sensory
stimuli and responses, and therefore, intelligent interaction with the
environment, remains immature and undf:rdcvclopcd.

MOTOR DEVELOPMENT

The development of motor abilities in the child with mongolism
is very slow during the first year, In the first threc months, spon-
taneous movements and kicking may be of a normal nature, but the
mongoloid baby is usually very quict and sleeps most of the time.
Even at feeding times, it is not restless and will seldom indicate its
wants by vigorous crying. In this respect, many mothers remark that
the mongoloid was “the best baby we ever had. It never made any
trouble.” The retardation mamfests itsell more mn thes general Jack
of attenuon and responsiseness than 1n conspicuous shartcomings.
When awake and exposed to adverse conditions, the mongoloid who
appeared weak and apathetic a moment before may suddenly dl?pl.‘l)
great strength and resistance. We frequently encountered surprising
resistance in babies of four 1o six months when attempting to take
x-rays; sometimes three people were needed to control such a small
baby It 1s not lack of strength or muscular power at this age that
makes these children ax and litp, but the immatunty of the nervous
system, which apparently requires powerful stmuali to reach the
threshold level.

At an age when the normal child sits up and keeps his body ereaq,
the mongoloid child will not ¢ven make the attempt In the second
half of the first year, the motor retardation beconses more conspreuss
with every passing month, Rarely does a mangalowd elald sit up be
fore the end of the first year, and he usually will not try to crash antl
after the first year has passed As pointed out hefore, cach step

long
0 ended oser a long period.Years may elape

in the development is ext
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between the time that the child learns to sit up and the time lhnt.hc
learns to stand. A simular time lapse may occul between learning
to stand and learniug to Walk. Even normal children vary to 5°‘“]e
degree m the ime at which they can walk independently. In general,
the average child will begin to wallf between 11 and 16 mtl)mhs.
Roughly speaking, the mongoloid child rarely attempts to wa L be-
fore the begmning of the second year, and the majority do not start be-
fore they are three years old. It 1s not unusual for the first steps 10 .be
postponed until the age of four, five or even six years. It may be said,
however, that every mongoloid child can learn to wa}k, c\(cep} W a
handicap Like club feet or some prombtive neurologic condution is
present

A child's potential ability to walk can be fairly accurately estimated
by the time he is one year old. At that time the amount of hypotonia
and the measure of his inability to balance n an upright position can
be determned 1f the child is able to stand up and shows a strong
tendency to sustain humself in an upright position, he can be ex-
pected to walk between 20 to 24 months of age 1f he 1s hardly able
w51t up at all, or 35 unable to maintatn a situng position for an in-
definite length of tume, one can predict that the child will probably
not walk before he 1s three years old

The acquisition of perfect motor control after a child has started
to walk 1akes from one to two years for narmal children At the age
of two, most 1nfants can walk an a broad base, but even at three years
of age, motor control 15 not perfect As must be expected because of
charac!ensucally slow develupmem, these patterns extend over a
longer period in the mongoloid than in the normal child. His gait
1s conspicuously infantie until he 1s about 6 years old, and many mon-

golowd chaldren always wall on a broad base Arm movements are
clumsy and awkward Great accuracy of motor control 1s Tarely
achieved, and even those w,

1th high tal e 1
ahieve gh mental ages have impetfect motor
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words from which the patient is ynable to depart. As a behavior par-
tern, stubbornness is the infexibity of intentions. Stubbornness czn
be observed in very young mongoloids and seems to depend upm
their inability to shift quidly from one object to another and to
Teact to new situations. With great patience, the stubbornness may be
overcome in 2 certain test condition, but it remains a fundamental
tendency of the patient in all pew sitnations. Contrasted with the lack
of artention and the distraiibility common to many subnormal pa-
dents, 1 venture to suggest that the stubbornness of mongoloids isa
psrchological manifestation of the pecnliar discrepancy in the devel-
opment of the nervous system, in which the central subcortical areas
serving emotional responses are fairly well dex eloped, while the “lonz-
circniting” system of the cortex, serving the evalmation of sensory
stimuli and responses, and therefore, intelligent interaction with the
environment, remains immature and underdeveloped.

MOTOR DEVELOPMENT

The development of motor abilities in the child with mongolism
is nery slow duoring the first sear. In the fixst three months, spon-
taneous mos ements and kicking may be of a2 normal nature, but the
mongoloid baby is usually 1ery quier and sleeps most of the time
Even at feeding times, it is not restless and will seldom indicate its
wants by vigorons crving. In 1his respect. many mothers remark that
the mongoloid was “the best baby we ever had It never made any
wouble” The retzrdation manifests itself more in this general lack
of artention and responsiteness than in conspicuous shortcomings.
When awahe and exposed to adierse conditions. the mongoleid who
appeared weak and apathetic 2 moment before may suddenly display
great strength and resistance. We frequently encountered surprising
Tesistance in babies of four 10 six months when artempting to take
x-Tays: sometimes three people were needed 10 control such 2 small
babr. It is not Iack of strength or muscular power at this age that
males these children Jax and limp. but the immarurity of the nenous
svstem, which apparently requires powerful stimuli 1o reach the
threshold level

At an 2ge when the normal child sits up and heeps his body erect,
the monzoloid child »ill not exen make the artempt. In the second
half of the first sear, the motor retardation becomes more conspicuous
with exery passing month. Rarely does a mongoloid child sit up be-
fore the end of the first year, and be usually will not oy to crawl until
after the st vear has passed. As pointed out before, each step

Jong - .
ip the development is extended over 2 long period.Years may elapee
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i i vhat is taught.
prevent the child from understanding the m§anmgvo( \\ha‘tI ls\l’u’(]%(gl\
1f they are ready for them, mongoloids may |mprmelgten ' A
exercises designed both to strengthen the muscles (:( the ]‘z!\xs: lipsa 1

exercuses, is useful 1n improving the motor aspects of talking, ‘n‘u'l‘ slelll
struction both in vocabulary and the meaning of words is advi
when the proper mental level is reached

U S
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10 or more years ago than today This seems to be due to the great
general improvement of nutriion in mstitutions as well as in the
communty. In cases of thyrowd deficiency and myxedema, the voice
becomes rancous within a short time but usually returns to normal
atter thyrowd treatment It 1 suggested that the gutteral voice 11 mon-
golism 15 due to myxedema and swelling of the mucous membranes,
which are often dry and thickened The harsh vorce is rarely found
m patients who have been treated with thyreid over a long period.

SENSORY DEVELOPMENT

Tt goes without saying that sensory examination meets with great
dufficulties on account of mental retardation, but most textbooks seem
to take 1t for granted that the sensory examnation s negatse. This
does not seem to be borne out by cinical observations and the pa-
thalogy of the nervous system Moreover, sensory acuity is partly a
fmotor phenomenon, and clumsiness and Jugh sensory accuracy rarely
20 hand jn hand

The vision seems 1mpaired by strabismus The lack of myelination
of the optic nerves does not suggest very accurate perception More-
over, many mongoloids are short sighted and astigmatic The sense
of smell 15 poor, awing to several factors, one of which may be of a

central pature and another due to the chronic thinits with alterations
of the mucous membrane It is wmpossible 10 judge the accuracy of
heaning Although rrue deafness seems to be rare, nothing suggests
‘ery accurate hearing discrimination. °

A notion exists
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guage as a means of communication. Because speech is a complex de-
velopment, different investigators mark its beginning at different
places.

Several studies have been made that aid in estimating the amount
and rate of speech development that can be expected from children
with mongolism. According to Millicent Strazzulla, moderately re-
tarded mongoloid children with IQ ratings hetween 40 to 70 begin
using words at an average age of 33.4 months, using phrases at 48
months, and using sentences at 60.8 months. Some children in a more
severely retarded group were slower i speech development, but ap-
proximately half of them used sentences at an age of about six years

Gesell and Amatruda estimate that the child with mongolism uses
“words and posstbly phrases at 3 years .. . [and] speaks sentcnces at
6 years.” Institutionalized children start to talk much later Inastudy
by Engler, he found that by the age of three years, only 49.4 per cent
of the children had begun to speak, 61.7 per cent by the age of four
years, and 81 2 per cent by the age of five years. After five years, there-
fore, 18.8 per cent of mongoloid children were still mcapable of
speech An earlier study made by Durling and tius author showed
that among the institutionalized mongoloids of 16 years of age and
older, 47 per cent of the cases had mental ages of less than two years
11 months and were not using words.

Speech development usually lags one to two years behind walking,
and in general, a child cannot be expected to use language before
walking has been established Only in those cases 1n which an extreme
degree of hypotonia (double-jointedness) is present may specch devel-
opment actually precede walking.

There are certain charactersstics in speech patterns Many mongol-
oids have difficulty pronouncing certain letters, and many speak so
indistinctly that only their near relatives are able to understand them.
Stammering is not rare in very anxious children, particularly among
the more 1ntelligent ones who feel that they are under too much pres-
sure. Although the vocabulary 1s often Iimuted, 1n certain cases an
amazingly large vocabulary may be observed. Comprehension 1s usu-
ally superior to expressive language. There 1s a general mabulity to
abstract. Many chtldren with mongolism have a very good memory,
and although it may take a longer time to acquire new words, they are
retained quite well. Some chnldren have an almost photographic vis-
ual memory for situations. yearning will advance more rapidly i.n a
play situation than if the child 1s put to a test. In all speech training,
the physwlagic aspects of hypotonia, ataxia and anomalies of articula-

tion have to be distinguished from the mental disability which may
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Climcal observations suggest that touch and pain as uell. as beat
and cold discrimnation are poor. The children feel little pain wh‘en
operated on for minor boils and sares. Tl}ey are likely to acquire
many shin disorders wathout calling attention to them, while other
cntdren of the same mental level would show discomfort.

Wath these facts in mind, one may ask to what purpose a m?ngol-
oid child may best be tramed The bighest mental age of children
below 10 is usually around § years. Under the most favorable con-
Avn IR T SN )

1

tal development can be expected i the period from 10 to 20 years,
and education should not stop too early

Mongoled cluldren should not be tramned with other low grade
mentally deficient children unless necessary, because most of the re-
tardates of other types are not capable of much progress, whereas the
mongolord has dormant possibilities of improvement. He benefits
most from a hindly atmosphere and should be surrounded by children
of higher ntelligence, because he learns best by copying other people.

Most mongoloids are unable to help in any trade requinng skilled
motor control. They are rarely capable of doing industrial worl,, sew-
g or carpentry This limits their usefulness, even when the mental
age would permit employment in such lines of occupation The mon-
goloid girl is best used 1n housework, and may learn to da routine
worl 1 a rounne manner. She may lead a quiet life around the
hause, because these chaldren learn 1o stay at home, do little errands,

respect traffic rules and Leep out of mischief Mongolord boys will be
best engaged 1n garden or farm activties, 1f not too great an accuracy
Is requred

INSTITUTIONALIZATION
OR HOME CARE

. Observations on the mental dey elopment of ctuldren with mongol-
ism indicate that even such a refatively uniform Flinimt —:-
monmnl e v s

One difficult f)rob\ co
em concerns the conditios ich insti
tutionalization 15 desirable, ey o st

For many years ped i
hatricians have ex-
p‘ress?d the opmion that the monentad .«L.I)pi have ex

Id be institntion-
- should not even
~onal bond which
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golowd’s “wlea of time” as “remarkable ™ Brushfield - n observing a group of 177
mongoloids, noted that all of them could hum a tune “correct in note and time."*

Althouglt 1t is not possible to prove a special rhythmic sense in mon-
goloid children, the faculties of mimicry and rhythmic expression
may both be due to the fact that children with mongolism retain cer-
Uniahab CT : ‘ual, which serve useful purposes

: Between the ages of six months
- : . r an inclinatton to mimicry and
a clear response to thythm, using these features to assimilate needed
abilities from their surroundings. The child with mongolism not only
passes through this developmental stage at a slower rate but retains
some of its vestiges throughout life, since his retarded powers of ab-
stract thought make for less interference with expressional behavior
than there 1s in the child of normal intelligence.

Very few studies have been made on sensory discrimination i the
mongoloid because of the difficulties pointed out above. One prom-
ising effort has been made by A M Gordon. He studied visual and
tactile discrimination and compared the results with those found in
normal children of the same mental age. The studies were made on
mongoloid adults whose mental ages ranged from 5 years 3 months
o 6 years 8 months The mongoloid patients proved to be inferier
1 tactile discrimination to the group of normal children equated with
them for mental age It 1s interesting to note that all mongolod pa-
tients, with one exception, tested higher on visual discrimunation
than on tactile tests, while the normal controls tested higher on tactile
discrimnation than on visual tests, with two exceptions. It may, how-
ever, be said that all mongolods tested lower than the normal con-
trols on the visual tests 1n spite of having the same “mental age " In
addition to the Stanford-Bmet form L, the Arthur performance test
and the Vineland socral maturity and educational achievement tests
were used. All tests showed a high intercorrelation, and those mon-
goloids who ranked first in one test were likely to rank high in other
competitions too. Only shight changes 1n rank place were observed
There was, however, no correlaton between any of these tests and
tactile discrimination. The patient with the lowest mental age scored
the highest tactile discrimination, and the poorest performance was
secn in a patient with a mental age ol b years 10 montiis. The conclu-
sion to be drawn from this study 1s that mongoloids are poor m tactile
and fine motor discrimmation, both of which are probably aspects of
the same somesthetic system.

* Cantor, G. N, and Girardeau, F L+ Rliythmic diseriminatton ability 1n mon
golowd and normal chuldren Am J Ment Diliciency 67 621, 1959
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Chmical observations suggest that touch and pain as well. as I;C‘I':
and cold discimination are poor. The children feel little pain whel
operated on for mnor hoils and sores. leey are hikely to ‘ncqu‘lre
many skin disorders without calling attention to them, while otirer
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of lugher intelligence, because he learns best by copying other people.
Most mongoloxds are unable to help m any trade requiring skilled
motor control They are varely capable of doing industrial work, sew-
ng or carpentry. This limits their usefulness, even when the mental
age would permit employment sn such lines of occupation The mon-
goloid girl 15 best used in housework, and may learn to do routine
work 1n a routine manner She may lead a quiet life around the
house, because these cluldren Jearn to stay at home, do little errands,
respect traffic rules and keep out of mischief. Mongoloid boys will be
best engaged 1n garden or farm acuvites, if not 100 gYeat an accuracy
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would make it difficult to separate them later if necessary. Experience,
ho.we'vcr, has shown that this opinion cannot withstand psyclnatric
criticism, Great emotional distress has been observed in mothers who,
having given up their babies immediately after birth, visited their
infant children at a later age. They were often surprised to see how
nice-looking and responsive the infants appeared, and they felt guilty
for having given up the children at too early an age. Since most mon-
goloid babies do not look very different from the average newborn,
seeing the child is not a real shock to the mother. She can gradually
become accustomed to the idea that the child may have a slower de-
velopment than the average. It can be explained to the siblings and
relatives that the child has a more or less severe congenital heart de-
fect, and because ol a circulatory insufficiency, the mental and physi-
cal development of the child may be slow and hospitalization neces-
sary at a later date.

As to the development of the mongoloid mfant, it goes without
sayng that the child develops much better in the home than m even
the best mstitution In 1956 Malcolm J. Farrell ponted out the ad-
verse effects of early nstitutionalization on mentally subnoimal chil-
dren. He reiterated the many observations which have been collected
with regard to the 11l effects of too early and too long hospitahization,
effects which are now generally known under the term of “hospital:
ism”

The early years of the mongoloid nfant are not cifferent from
those of any other baby except that the steps 1 development take
place somewhat later than normally The child will be unable to sit
up by himself before Le 15 9 months old, and mamtaining equihb-
rium, standing up, walking and talhing will be delayed. However, the
cluld will respond to affection and attention like any other baby, and
his behavior will depend greatly on the way 1m which he 1s handled
Anxiety and tension are easily transmitted to the mfant and pro-
duce signs of restlessness and frustration Feeding difliculties, com-
mon 1n mongoloid infants because of the immatunty of the digestive
tract, may be exaggerated and persist, due to psychological factors

Whether a child with mongolism should be stitutionalzed and
when should be decided after a careful consideration of the whole

farmly situation.

1f T ----e 171~ - atecomer, there 1s no
urge : . : alth of the parents 1e-
: to be mstitutionahzed

QUITLs sune vy ' .
when there are no training opportunities in the community and when

the child has no one of his own age to play with. It is not wo good 1l
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Since mongolod cluldren aze often very confused in new and
sttange settings, many educable children who have an 1Q of over 50
will score low ratngs in a new and unexpected setung, Many school
psychologists and school supenintendents exciude these children from
elasses for the educable on account of such a single test performed
undes adserse conditions 1t must be emphasized that the child should
not be udged from one test performance

Many mongoloid children, ages 6 to 12, have a difficult 1ime because
ol restlessness, destructiveness, and a Tack of understantng what is ex-
pected of them These cluldien pose very setere problems to the par-
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would make it difficult to separate them later if necessary, Experience,
however, has shown that this opinion cannot withstand psychiatric
criticism. Great emotional distress has been observed in mothers whe,
having given up their babies immediately after Iurth, visited their
infant childien at a later age. They were often surprised to see how
nice-looking and responsive the infants appeared, and they felt guilty
for having given up the children at too early an age. Since most mon-
goloid babies do not look very different from the avelage newborn,
secing the child is not a real shock to the mother. She can gradually
become accustomed to the idea that the cinld may have a slower de-
velopment than the average. It can be explained to the siblings and
relatives that the child has a more or less severe congemtal heart de-
fect, and because of a circulatory insufficiency, the mental and physi-
cal development of the child may be slow and hospitalization neces-
sary at a later date.

As to the development of the mongoloid mfant, 1t goes without
saying that the child develops much better 1 the home than m even
the best institution. In 1956 Malcolm J. Farrell ponted out the ad-
verse efects of early mshitutionalization on mentally subnoymal chil-
dren. He rexterated the many observations which have been collected
with 1egard to the ill effects of too early and too long hospitalization,
effects which are now generally known under the term of “hospital-
ism

The carly years of the mongoloid infant are not different from
those of any ather baby except that the steps m development take
place somewhat later than normally. The child will be unable to sit
up by himself before he is 9 months old, and mamtaining equlih-
rium, standing up, walking and talking will be delayed. However, the
child will respond to affection and attention hike any other baby, and
his behavior will depend greatly on the way m wlich he ts handled
Anniety and tenston are easily transmitted to che infant and pto
duce signs of restlessness and frustrauon. Feeding difliculties, com-
mon 1n mongoloid infants because of the immaturity of the digestive
tract, may be exaggerated and persist, due to psychological factors

Whether a child with mongolism should be mstitutionalized and
when should be decided after a careful consideration of the whole
family situation.

If the mongoloid is the youngest child and a latecomer, there 1s no
urgency for mstimtimmlxzati.ml unless the health of thg pn'rcms re-
quires such a step. These children may have to be nm.uunmmlncd
when there are no training opportunitics m the community and when

the cluld has no one of his own age to play wath It is not too good if
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physician and the parents should realize that no binding decisions
can be made until all aspects of the case are clearly understood.
Whether a child should be institutionalized or stay at home is a ques-
tion which has to be re-examined every year. Especially in the case of
a young child, the physician should evaluate the situation togecher
with the parents, and see wlat must be done at that specific moment
and what should be done within a year. Often parents have quite dif-
ferent ideas as to what should be done. Family conflicts precipitate
around 2 subnormal child, and the emotional reactions of all the
relatnes involved have to be carefully studied in order to come to sat-
isfactory compromises The physician who treats the mongoloid child
faces 2 family and not a single person. Those physicians will be most

helpful whose decisions are made after a careful evaluation of the
total siration
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severe difficulties. Not only may the care of a new baby or a number
of smaller children require the full attention of the mother, but
younger children naturally Iook up to the older sibling and take him
as an example for their own behavior. In the interest of the younger
children and the whole family climate, early institutionalization is
often indicated for a first-born mongoloid or the one in the middle
of the birth order.

The special education necessary for the child with mongolism is
well established, and it is not necessary to discuss his specific needs
here. It is obvious that the child with mongolism should be educated
not according to his chironologic age but according to his mental age
and capacities. The children vary greatly in their abilities. Some de-
velop a large vocabulary and may be good spellers, but hase poor
number concepts. Other cnldren do quite well with numbers but
other abstract concepts remarn a problem.

It is obvious that practical sense requires careful training to enable
them to fulfill some practical tasks as adolescents and adults. Un-
fortunately, too much attention 1s pard to scholastic traming or other
impractical activities, ike typewriting, for which they will have little
aptitude later. Thus, working activities should complement the scho-
lastic education from the early ‘teens on.

It has been emphasized that most mongoloid children have a rather
placid and agreeable constitution and respond well to affection and
a generally peaceful chmate. It must be said, however, that this 1s not
true of all mongoloid chuldren. Some very desoted parents are deeply
disturbed by the destructiveness, aggressiveness and lack of manage-
ability of their mongoloid chuld and feel guiity about it. Such behas-
ior is often the result of organic processes 1n the brain; some mon-
goloid children need tranquilizers if they are to stay in the famly
Other problems arise from the discrepancy between madequate judg-
ment and unusual strength. This necessitates control of their acuvities
which often deprives these cliildren of acting out their normal needs.
The child with mongolism loves to be with his mother or in the com-
pany of others, and he enjoys playing in the kitchen, living room or
wherever the family gathers. It 1s quite important to teach the mon-
goloid child to play at least for certain hours of the day in a playroom,
even alone, and to provide room for his activities wherever this 15
possible. . .

In summarizing the psychological observations and needs of the
child, one may say that t.he reaning of chxlgircn with mongolism re-
quires individualization in cach case a.ccordn.)g to the demands of the
total situation. It also requires periodic readjustment. The attending
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secttans, the anomalies of the brain are another wmsance of the “mo-
teclar” disorder which chaTacterizes the growth and dliferenna;ulm
of the mongoloid child in the prenatal pe‘nod'. The a:mmahes of the
TErous systern are a festation of the organogenetic
disturbance which interferes with the normal development of the
unborn chitd and vesults in “mongolism.” .
In spite of the frequency of mongolism and the large rnat.en:ﬂ
which has been available for tesearch in recent decades, there is al-
most a complete lack of reliable studies of the central nervous systen.
Taen the book Mental Subnormakity by Masland, Sarason and Glad-
win, published in 1958, quotes two neuropathologists of experience
(N Malamad aad @ T. Batley} as stating that the changes observed
n mongolism are “relatively nonspecific” and *remarkably minor in
degree”—a position which 18 quite contrary to my own observations.
These statements, and others of a similar nature, can be explained
orly by the fact that the wvestigators had not conducted a thorough
study of the central nervous system 1n mongolism. Such a develop-
mental disarder needs a specific approach i which due recognition
15 givent o the problem of the tume factor 1 develanment and da

s ws unpiialil bacor 1 the pathalogy, the “heterochrony.”
“Heterochrony 15 an 1rregularity in tume relationshps: speaifically, in
evoluton, a deviation from the typical sequence in time in the forma-
tion of organs or parts ™

It 15 therefore unnecessary 0 go mto detail with regard to earlier
Interature except for those nvestigattons which have added significant
obsenauans to the understanding of the neuropathology “of mon-
gohsm. Roesste (1923) introduced the term “dyscerebral dwarfism™
to distinguish those cases 1n whick the physical growth disorder de-
pends on the pathology of the brain from the ones 1 which a prumary
deficiency of the endocrine glands 1s present, Roessle was well aware
o the severe dpscerebracion present in this condition Van der
Scheer's collabiorator, Gans, o

¢ published several studies about the micre-
scopic anaiomy of the bram and calted arvors” -~ developmtntgl
) tber flocculus
The pons and
« o osuouevery small, weighing in each ca
! 3 se

half E-m ?[xncc,‘nhcrms the usual weight x\enﬂ; twice as anhaIz;}?;

werebral vessels are inclined to i in he
AR be much thinner than ig healthy

Bourneulle (1902) mentioneq the smallness of cortex and white



CHAPTER VI

ANOMALIES OF THE NERVOUS SYSTEM

Observations indicate that the retarded mental development (often
rather severe) ut children with mongohism depends on anomalies of
bramn function and brain structure. We have demonstrated mn nu-
merous investigations that the physical growth disorder represents
a very complex disorder in which the central growth regulation is
at fault. The endocrine system functions abnormally, and the growth
patterns of the mongoloid deficiency follow patterns ot a congenital
acromicria But a pituitary disorder 1s not the “cause” of mongolism.
As I pomnted out 1n the first editton of my book Aongelism and
Cretimsm,

Piturtary function on its pare depends on the brain, which recenes the sumuli
{from the outside world and primes the organism as a whole for proper responses
Extensive studics of the nervous system reveal that the nervous systent is 1n-
mature at birth and develops at a much slower rate than nccessary 1he vicious
arcle between bran and endocnine system keeps the mongoloid chuld out of
tune with normal development and, 1f left to 1ts own resources, the mongoloid
child falls consistently further back tn 1ts mental and physical growth.

Although the mental defect varies in degree from 1Q levels below
25 to ntelligence levels near the borderhine, the proposition that
mongolism can be associated with perfectly normal intelhigence is
impossible by definition. Normal chuldren may have some of the
physical aspects seen 1n mongolism in the form of infanulism, un-
derdevelopment of the sex organs and a variety of endocrine dys-
functtons—none of which is specific within the mongolotd congenital
acromicria—but such findmgs do not justify a diagnosts of mongolism
1n an otherwise normal child The term mongolism has been coned
for a specific form of mental deficiency, associated with certain physi-
cal characteristics, and should be reserved (if maintamned) for this
specific morbid entity.

In pointing out that the physical growth deficiency mn postnatal
life must depend to a large extent on abnormal functioning of the
brain, we do not state that the mongoloid characterstics are depend-

8
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sections, the anomales of the brain are another instance of l\\ev ‘mo-
lecular” disorder which characterizes the growth and dxfferf:xmanon
of the mongolord child in the prenatal period. The anomalies of tl}e
nervous system are a manifestation of the fundamental organogenetic
disturbance which interferes with the normal development of the
unborn child and results 1 “mongolism.” .
In spute of the frequency of mongolism and the large nmtf:nal
wiich has been avatable for sesearch in recent decades, there is al-
most a complete lack of rehable studies of the central nervous systerm.
Esen the book Mental Subnormality by Masland, Sarason and Glad-
win, pablished in 1958, quotes twa neuropathologists of experience
(N. Malamud and O T. Bailey) as staring that the changes observed
m mongolism are “relatively nonspecific” and “remarkably mmor in
degree”—a position which is quite contrary to my own observations.
These statements, and others of a similar nature, can be explaned
only by the fact that the mvestigators had not conducted a thorough
study of the central nervous system in mongohsm Such a develop-
mental disorder needs a specific approach 1 which due recognition
1s given to the problem of the ume factor in develonment and Aa.
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matter. The smallness of the white cores was also noted by Hellemann,
who observed retarded myelination, a diminished amount of white
matter and lack of cytoplasm in the nerve cells,

Sergio Levi (1936) found the brain weights less than those of normal
individuals of the same age and sex. “The 1elative development of
the frontal lobes was less than normal. The cerebral cortex showed a
diminished development and differentiation from normal.”

Leo M. Davidoft (1928) summarized his observations as follows’

I have founa few morpholagic changes wluch are constant, with the exception of
a small cerebellum and brain stem, the embryonic com oluttonal pattern, and my
own observation of the small content of the ganghion cclls of the thurd cortical
layer. The process by which the latter defect arises cannot be detenmmed with
certainty from the appearance of the preparations

L. O. Morgan studied alterations 1n the hypothalamus m mental
deficiency and included observations on six mongoloid brains. He
succeeded in making exact cell counts and found a normal appearance
of the hypothalamic nuclei proper, but found reduction mn the num-
ber of cells in the nucleus supraopticus. The reduction ranged fiom
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

In order to understand the neuropathology of mongolism, one has
to start with the chimcal observations. The newborn mongoloid is
extremely hypotonic; durmg the first few months he usually lies in
his crib, rather lifeless and apathetic and without mental 1esponses.
Although the child may kick and move to a cercamn degree, the mo-
tions are not coordinated or a part of motor expressive behavior Even
strong mongoloids seem unable to sit up, Keep their equilibrium or
stand at the usual time, and they do not start to walk unt! they are
almost 2 years old.

A neuropathologic study must therefore deal with the following
questions: In what way is the bramn of the mongoloid newborn and
infant different from the normal? Are there indications of arrested
development at a certain stage in the prenatal development, resulting
in brain malformations? Is the brain maturation different from that
of the average newborn and infant? Is the nervous system maturning
at a slower rate than normal? To answer these questions, there must
be a comparative study of normal brain development and that of the
mongoloid brain. Step by step, we must find out whether the matura-
tion of the mongoloid brain differs from the normal. Mongolism be-
ing present at birth, the f}ndings in the gnfnm and young cluld will
be of spccinl significance since the alterations found in this age group
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must be of rather tecent date In older cluldren and adullvs, there
are many degenerative and secondary changes winch are likely to
confuse the picture and often make 1t mpossible to discrimnate be-
tween primary and secondary pathology. Studtes of the §p1nal cord
and bratn gnve indicattons of 2 prematal developmental disarder dat-
ng to the first tnmester of fetal development. Over 80 brams.and
about 50 spinal cords were available for this research. The patients
ranged in age from two days to 60 years The neuropathology of
mongolism 15 quite uniform and characterstic, despite the vartations
m degree of alterauions.

Although in general the wezght of the brain 15 characteristic only
toa certam degree, the low bram weight of mongaloid infants cannot
be considered a result of degenerative changes as found under normal
conditions 1n old people The weight of the brain in the mongoltord
ehild 15 considerably less than that of a normal child of the same
chronologte age A low bramn weight, together with other observa-

Gors, saggests that the bram has not reached 1its full maturation and
should be considered “immature

THE BRAIN

Tha wa rte £a0

; wvuue wdu glaits In the first year the brain weight

rises to 650 grams, and 1n the second year to 900 grams By 2V4 ye:%rs

the ay e(:age weight 15 about 1100 grams, and after 314 :

:)mh 1200 grams Table b shows the great retardation in bramn weight
rer the first 8 years By the end of that time, only three brains had

;eached 2 weight greater than 1000 grams, which corresponds to the

nr)aull i:']exghtdof a nm;mal child of less than 214 years of age. Though
@ table indicates that brain development 15 v :

#shows that some development doe: e Miach, etarded,

N . :
reaches the level of a no‘mga\ person. fake place, although it never
, In the first case (table 5) with a given chvan-t -

years it ex-

. . N i month, but 2
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4G, ar Shed 44 G, the spleen w
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her organ weights, the bran sw. on w

ghts, It was normal for i

Thenext frue brain weights appear also prema:he e;g'mh feta} month
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TABLE 5 —Weight of the Brain in Mongolism
No Age Sex Body length Wesht  of rua
1 2 days F 10 218
2 6 weeks F 193 A
3 1 month, 19 days M 482 465
4 21¢ months (2 mo. prem ) A 47 388
5 3 months (t mo prem ) M 52 409
6 2 months M — 315
7 3 months F — 500
8 + months, 3 days M 533 40
9 4 months, 15 day s M 333 515
10 5 months — - 352
11 5 months A 565 650
12 5 months M 83 610
13 5 months, 11 days F 38 660
14 6 months Al — 760
15 6 months F 60 70
16 7 months F 65 650
17 7 months (3 wks prem) M 385 550
18 8 months M 63 ( 790
19 9 months, 7 days F 6t [ 575
20 10 months, 8 days M 635 J 7ns
21 11 months F — 650
22 12 months F —- 836
23 12 months F — 730
24 13 months M 70 722
25 18 months F 72 678
26 18 months M - 940
27 18 months F — 725
28 21 months F — 820
29 | 21 months M - 850
30 23 months M — 880
3 23 months M f — 1,050
32 2y years M — 750
33 214 years r - 983
3 2 years, 8 months F 75 830
35 4 years M — 920
36 4jears F 96 5 910
37 1 years, 7 months F 87 740
38 5 years, 3 months M 88 970
39 51§ years M 1,043
10 6 years F 878
11 6years - 855
42 7 years M 845
13 7 years M 1,065
4 8 years M 800
15 8 years, 5 months - 1112;1(‘)7

46 8 years, 7 months
s —
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14 years

18 years

22 years

Wyears
M years

3 years

9 years, 5 months
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valutions are small and not broad like those seen in older cases.
Myehmanon 15 not up 1o date, and the biam appears softer and of a
different color from normal. Tt is frequently yellowish and wax like.
Most outstanding is the smallness of the cerebellum, whose retarda-

t1on sceras mare pronounced than thas of the cerebrum,

Concerning the slmpe of the brain, figure 304 shows the brain of a
mongolowd wiam 2

2 mombs of age. The mig'ma\ fissaral and com olu-
tonal panerns are not abnormal, but there is flattening of the convo-

tuuions and compression of the frontal and temporal poles All brains
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Te 30 ~(4, at top) Lateral
view of Dbramn of 1 year 10
month old mougolmd bab
{42/102) Notc distortion of bs-
surey of lower temporal lohe,
accordiondike coromal fsura-
tion with deviation of alt fis
sures that notmally run m a
sagittal direction; underdesel
opment ol froneal pales with
retroflexion; hypoplasia of cer
cbelfum, (B, middle) Laters]
view of brat of 4 year 5 monh
old mongoloid mrl (10/57)
Note hypoplasia of Irontal
pales with retrollexion, com-
pressinn ot temporal poles with
deviation of fisures, compres-
sion of occprtal pales, hypo
plasia of cerebellum Some of
the temporal comolutions are
flatcened (€. at bottom) Me-
hal aspeet of the bran seen in
(d) Note short corpus callo-
sumt and hypaplast of bram
stem and medulla, marked hy
poplasia of cerebellum, which
lres parely in the loramen mag
num

of that age group show a more or less pear-shaped outline, view ed from
above. The base of the brain shows some notewoithy peculiantics.
The gyri recti are flattened, having been pressed against the ¢nbri-
form plate, whereas the lateral parts of the inferior frontal lobes are
compressed and slant upwards from the steeply arched orbat rm)l:s;
the frontal poles are wmarkedly flattened: the temporal lobes are dis-
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torted and twisted. The cerebellum is pushed forward, and the brain
stem originates almost anteriorly from the center of the brain (fig.
30C). In the lateral view the upward push of the frontal poles is strik-
ing. The brain convolutions anteriorly from the vertical branch of the
sylvian fissure are compressed. There is also striking distortion 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 marhedly
fused and markedly compressed. It is worth mentioning that at that
age the ventricular system is not yet compressed. The pia arachnoid
is more adherent than normal, and the stripping off produces de-
cortication of the convolutions because of adlesion of the pra to the
first cortical layer. Microscopic examination reveals that the first layer
is thinned out and the margin of the convolutions roughened. In the
frontal, temporal and occipital lobes many convolutions are tightly
pressed against each other, and there are many pomts at which the
roughened walls of the fissures form glia bridges which close the fis-
sures erther partly or completely. The phenomenon of beginning
fusion is recognizable on many shides. The tips of many convolutions
are tilted and the surface is flattened

A microscopic study of the cellular and myelm 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 re-
stricted to one layer and is obviously dependent upon the vascular
system. Figure 324 shows the dense cortical architectonics of the oc-
cipital lobe, but in the center of the picture there 15 a paichy necrosis
around a capillary. Figure 32C gives a high power picture of the corti-
cal cells stained by the Heidenhain iron hematoxyhn method. At the
right, the ground substance has a pepper and salt appearance The
nuclei of the cells are dark and swollen and are surrounded by a gl
halo of watery cytoplasm, At the left, these halos appear larger, and
confluence of the edematous areas is recognizable, In the upper par,
confluence of the halos is striking and the nerve cells have more or
less disappc:lrcd. This picture is typical for aimost every section from
infants below the age of 9 months. In every case, edema of the fibers
and loss of cells is recognizable. The cells of the substanna migra,
which is not pigmented at that age, appear welt developed but are
in a stage of swelling or shrinking.
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Watcry disolution of nenve cells in cortex, Herdenhain tron hematoxyhin stain,
5 month old mongoloid baby Marked bram edema (D, lower right) Pernvascular

necrosis with heavy calaficauon in white matter, 5 month old mongoloid baby
Weigent myehn stam

The myelin fibers show stnking pathology (fig 32B) Under low
power the white matter appears “moth-eaten,” the fibers being inter-
wipted by numerous small patches of nectosis The vascular system
15 hyperemic _Around many vessels, deposits of darkly stained cor-
musles ave vecogmzable (fig 32D). Fractions of myehn and fat sub-
stances are frequently encountered The demyelination of the cen-
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— SC

F16. 33.—Four sagittal sections (myelin stain) through bram of female infant (2
years, 8 months, M.A. 3 months) Note retardanon i formatton of myelmated
fihers (for details, see text),
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trum semiovale is striking; especially involved is the white matter
of the frontal, occipital and temporal lobes; less involved are the optic
radiation and the radiation of the corpus callosum, in contrast to
the patchy demyelination of the association fibers.

The characteristic pathology will be further demonstrated in a
number of illustrations of brain sections of infants ranging in age
from 1 month 19 days to 4 years 7 months.

A most charactenstic symptom of the decelerated maturation is the slowness
of myelination which can be obsersed in certain areas of the brain and cere-
bellum Morcover, the myclinated radiation does not penetrate fully mto the
convolutions but ends at a greater cistance [rom the comolutional peak. For
orientation, figure 33 shows 4 sagittal sections through the brain of a Temale
infant of 2 years 8 months This child did not yet sit up, stand or turn ever in
hier crib She could only raise her head and shoulders if pulled by the hands
She didn't hold toys, express affection or respond to attention

Section /A of figure 33 15 about 2 mm. lateral to the nudline; such a section
goes through the gray matter, and even in the normal brain of an adult, only
some myehn 1s visible in the cortex The section shows a cerebelium small for
the age, a rather large nucleus caudatus, and fairly good myelmation of the
thalamus, bram stem and cerebellum Some myeln is present around the central
sulcus and 1n the cuneus However, the mychnation of the precentral areas :mfl
frontal lobes lags behind that seen i normal controls An interestng aspect 1s
the lack of fissuration which is noticeable 1n the whole frontal area, Of course,
only a certair number of sular are visible 1 any sagittal section, but figure 3%
demonstrates quite clearly the disorder in fissuration and chifferentiation of the
cortex in a companson of cross sections through a mongoloid brain and normal
controls of an even younger age Tlus lack of fissuratton deserves to be classified
as incomplete pachygyria

Figure 338, about 3% mm. lateral to the first section (1), dentonstrates some
good mychnation around the calcarine fissure i the ocapital Jobe, but at lllf
same time more detailed observations reveal anomalies of differentiation m this
area The cortex shows great underdevelopment of the myclmation in the
precuncns and mcomplete myelination m the parctal lobes This s conspictons
even 1n fig 33G, which 15 about 2 cm lateral to () Tigure 330, about 112 an
lateral to the midhine, shows imyelinanion but at the same e demonstrates agan
the pachygynia in the precentral areas

Figure 34 shows a comparion between the frontal lobe of 4 2 year old mon-
golord cutd and two control cases, 6 months and 13 months, respectinely. Al
though 1n each of the normal sections there are areas i which the gray mter
15 cut obliquely, the dufferentiation of the cortex in () reveals the striking anom-
alies in differentiation ot the gray matter which s duphcated and lacks fissura-
ton in certamn arcas The sulci are extremely flat and sparse The band of the
gray matter seems much thucker than i the norm i

A particular aspecet of the abnormal cortical difficrenuation may be seen in
1n which the arcas of the Betz cells, frontal lobe and mnferior temporal
lobe are compared with sections from two cases, @ months and 6 months old,
respectively. A compansoln of () and (D) shows nat only the slrl\iﬂ].:{u,ll;;(:‘n.h‘
velopment of the motoric ganghion cells in ( 1) but also a general ek ol l‘ iifere nl
tiation of the nene cells and conspicuaus crosaling The daffcrence with regard

figure 35,
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tram semiovale is striking; especially involved is the white matter
of the frontal, occipital and temporal lobes; less invalved are the optic
radiation and the radiation of the corpus callosum, in contrast to
the patchy demyelination of the association fibers.

The characteristic pathology will be further demonstrated in a
number of illustrations of brain sections of infants ranging in age
from 1 month 19 days to 4 years 7 months,

A most characteristic symptom of the decelerated maturation is the slowness
of myclination which can be observed in certain arcas of the brain and cere-
bellum. Morcover, the myelinated radiation does not penctrate fully into the
comvolutions but ends at a greater distance from the comolutional peak. For
onentation, figure 83 shows 4 sagittal sections through the brain of a female
infant of 2 years 8 months. This child did not yet sit up, stand or turn over i
her crib. She could only raise her head and shoulders if pulled by the hands
She didi’t hold toys, express affection or respond to attention

Section A of figure 38 1s about £ mm lateral to the midline such 4 section
gocs through the gray matter, and even in the normal brain of an adult, only
some myelm is visible in the cortex. The section shows a cerebellum small for
the age, a rather lasge nuclens caudatus, and farly good myelination of the
thalamus, brain stem and cerebellum Some myelin is present around the central
suleus and i the cuncus However, the myelination of the precentral arcas and
frontal lobes lags belund that seen in normal controls, An interesting aspect s
the lack of fissuration which s noticeable in the whole frantal area Of course,
only a certamm number of sula are visble i any sagiteal secoon, bue figure 3%
demonstrates quite clearly the disorder i fissuration and ifferentiation of the
cortex m 4 comparison of crow secttons dirough a mongolord bram and normil
controls of an even younger age. Tius lack of fissuration deserves to be clasificd
as mecomplete pachygyria

Ligure 338, abour 3% mm lateral to the first section (), demonstrates some
good myelmaton around the calcarme fissure m the acepral lobe, but at the
same tume more detatled observations reveal anomalies of differentiation 1 this
arca The cortes shows great derdes elog of the myclination in the
precuncus and incomplete myelination m the parietal lobes “This is conspicuous
even 1 fig 33C, which 1s about % cm lLateral to (&) Figure 330, ahout 112 em
lateral to the mudling, shows myelination but at the same tme demonstrates agmn
the pachygynia wn the precentral areas

Tigure 31 shows a comparison between the frontal lobe of a 2 year old mon
golowd (ild and two control cascs, & months and 18 months, respeetively. Al
though in cach of the normal sections there are areas in which the gray matter
15 cut obliquely, the differenuation of the cortex 1 (4) reveals the strikang anon
alies m diffcrentiation of the gray matter, which s duplicated and Licks fissura
tion in certain areas The sulc are extremely flat and sparse The band of the
gray matter scems much thicker that in che parm X )

A pnniculmr aspect of the abmormal cortical dnl[cnnn.mnu. may be seen in
figure 33, in which the areas of the Betz cclls, frontal lobe and inferior temporl
lobe are cnmpnnd with sections from two cases, 9 months and ﬁ.mnnlll( old,
tnely. A comparison of (1) and (D) shows not only the striking ||l'|(h'H|('<
otoric ganglion cells i (4} but also a general ek of diffcren
celle and consprcuons crowding The difftrence with regant

Tespec
velopment of the m
tiation of the nerne
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SLeack,

e 35—\ comparison of different cortical areas (Nussl stain) i mongohsm and
normal controls Note underdeyelopment of Betz cells and cortical chfferentiation
of the nerve cells, conspicuous crowding of embryonic cells (for details, see text)

to the crowdmg of the mongoloid cortex 1s strikingly demonstrated i companng
(B) and (E) The mongolord cortex shows many more small, undufferentiated
nerve cells which have faled to spread out, grow and form adequate connections
In the normal brain of a 6 months old child, the mdivrdual nerve cells are already
larger and more indinidualized and further apart than m the mongolord Cont
panmng (C) and (F), one notes the corten to be wider in the mongoloid (C), the
Iower cortical strata, espectally, are much thicker than i normal cases

This 1s also clearly demonstrated 1 figure 36, which shows three areas of the
frontal lobe of a 1 month old mongolowl chuld (1) shows the abnormal cortical
configuration around an abortne fissure wlich 1s surrounded by small, dis
organzed nene cells (B) and (C) show agmn the conspteuous crosding of the
gray matter with small, Jargely undifferenuated nene cells

Further insight mto the savere pathology of the nerve cells 15 documented
in figure 37, n which (1) and (C) are taken from the cerchral cortex while (8)
and (D) show the pathology of the cerebellam Under ngh m igntfication, ail
cortical cells appear m a state of severe dintcgration Some nerse cells are
shrunken (1), and a lamge number show 4 waten or homogencous diaintegrition
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Fic  36~Varous frontal
areas (Nissl stain) of mengol
oid infant (I month) Note ab-
normal corucal configuratian,
crowding of embryonic cells,
and absence of cell differentia-
von

of the tioplim (€ The eytoptum of cach of these nerve cells 15 completely
devord of it substance and 15 10 a state of homogeneous emsniases 7
the stnking annes? i

. oL oo wusitu o therr
. granower lyer (D) shows a number of Purkinje cells n
Wution 2l anaus states of degeneraton Some Purkinge
weih hie arzesied, sn the granvlar faver 41 the edge of the molerular layer we
£nd an embnonie cell layer, which 18 nonnal for that age but 1z mongolism
perusts for a Jonger ime than 1 gormal chuldren

The anomalies of difieyenuiauion with the crowding of cells i the original
sage of pathalogy are further demonstrated in figure 38 (4) shows the Betz cell
laver (area 4) ol a 4 month old mongoloid baby, compared with 2 normal <ot
10l o of the same age (B} The gray steatum of the mongolowd brasm seems
unabie 1o permit the nene celb 1o grow and extend 1n space, and thus they re-
mam n an undifierentiated embnonic stage, unable to extend and form the

rormal sinapus In this stage, the nene cells are sa close togethes that few are
3ble tn wunvie, 2ud Bster e we ofien find corucel b

ers which are hgl
depleied of nene el The tranvtonal stages o s, shnnka"i"azmc{
dextruction ate seen in figuees 33, 37 and 41 5 2

therr wregutie duser
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F16 33 —A comparison of different corucal areas (Nissl stan) in mongolnm and
normal controls Note underderclopment of Betz ceils and cortical differentration
of the nene cells, conspicuons crowding of embryomic cells (for details, see text)

1o the crowding of the mongoloid cortex 15 stukingly demonstrated in companng
(B) and (£) The mongolad cortex shows many more small, undifferentiited
nerve cells which have failed to spread out, grow and form adequite connections
In the normal brain of a 6 months old chuld, the mdrnadual nerve cells are already
larger and more nditidualized and further apart than in the mongoloid Com-
paring (C) and (F), one notes the cortex to be wider i the mongolowd (C). the
lower cortical strata, espectally, are much thicker than in normal cascs

Thus 1s also clearly demonstrated wn figure 36, which shows three areas of the
frontal lobe of a 1 month old mongolowd clnld. (f) shows the abnormal cortical
configuration around an abortne fisure which is surrounded Iy smnll, dis
arganized nene cells (B) and (C) show agan the conspicuous crowdmg of the

v matter with small, largely undifferentiated nerve cclls

Further insight into the severe pathology of the nerve cells is documented
in higure 37, m which (4) and (C) are taken from the rcr(:hml cortex whle (5)
and (D) show the pathology of the cerchellum. Under high magntficanion, all
cortical cells appear in a state of severe dwmtcgration Some nene cddls are
shrunken (), and a large number show a watery or homaogencous disintegraton
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£1c 3% —Anomales of cell dufferentiation (N1ssl stan) 1n various cortical ateas
{for detards, see text)

Figure 39 shows another aspect of the developmental dusorder of the nenvous
f . - ' [ . «

pment (C) clearly d

the lies Loown as “tuber flocculus ™
Thew are undifferentiated ¢clf prles, (ound in the cerebdiom of more than 60

gt crnt al wongolad duldeen Appareoly they 5o bash 1o the earliest dif-
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N * €) Corucal cells ap-
) celly show striking pa-
. 1wt swollen (B, D) Ce

rebelltm: anomaties 1l Lo wiLhtauun vl 1 atanie wens and granular layer

(€) and (D) of figure 38 contrast the calcarine fissure of a mongoloid (C)
with a normal control (D). Again we see that the indidual nene cels are
unable to differentiate and the brain is loaded with small embryomc cell matraces,
while the individual cells in the normal have differentiated and form a clearly
defined cortical stratum, ypical for cach funcuonal layer,



S
ANOMALIES OF THE NERVOUS SYSTEM

Fic 39.~(C) “Tuber flocculus” and abnormal embryonic cell accumulztion m
she cerebullunt

(1) In this case there is a secondary demyelination (de) of the whrte core, which
1 hughly congested and shows inutial stages of demyehinauon {B) shows she tuber
fusccutus 1 this case under high magnification

Figure 41 shous twn high magmfications of the cortex (4) and (B} Both
(1) and (B) show the severe Nissl disease of the nene cells which are in a process

The Purbunye cells {G) are crowded at the margmn of the granular layer, with
mny cells arrested sn thejr mugragon The indiiduat cells are often dumped

wzuther sull and undilferentiated (1) shows a group of Purkinge cells in dil-
fernt stages of be cytopl t

3 some cells are
wollen wme shrunken and they lte clumped together in 2 completely patho-
logac way,

Surhang anomalies of the cerdhellum are further demonstrated 11 a 4 month
Wb (R 42) { 1) shows a few faurly normally spaced Purkinje cells, each one
shows an undiflerentiated form like that found at a younger age. The cells are
Neg m differeniation and the cytoplasm is 1n 2 stage of congulation (B)
again shows the abnonmal mutuphcation of Purkinge cell layers, wath many cells
elumped togecher ta {C) and {0 the & of the mongoloid cerel
1€5 16 ompured with a normal ase of the same age (D). It 1s interesting to note
Baw vt the actun folin ol the mongoloid certbellum are compared with the
swnmal Fhe fonmer are Yess than half the size ol che norm Lack of extensive
growth nav be comudered one of the raasans why the Purkinje cell layer re-
maims crawded and the wndinidnl el has no space for differenuation and prowth
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Fic. 39 —(.1, B) Anomahes n latcralization Note diffcrence
e Tet b difference of anferior ohsary

[crcx|llalloqf?( lhc'(uclxcllllnh at a stage of about five weeks  Although the tuber
Nocculus (TF) may oceasionally be associated with other developmental drsorders
of the bram, its frequent occurrence X

] ent m ’l.lmngnlmn makes 3t a charactenstic

feature of the i y of this c
Tigure 40 shows a myehin stun through the frontal lobe of a 10 month old haby
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Fic 39 ~(C) “Tuber foceulus” and abnormal embryomc cell accumulauon in
the cerebellum

(4) In ths case there 15 2 secondary demyelination {dc) of the white core, which
15 highly congested and shows 1nttial stages of demyehinavon (B) shows the tuber
flocculus 10 thes case under high magmification

Figure 41 shows two high magnifications of the cortex (\) and (B) Both
(4) and {B) show the severe Nisst disease of the nerve celfs whach are n a process
FE A it e 24V el e - . B .

cells under high magmhcation (C) and (D) show the cerebeflum in this case
The Purkinje cells (C) are crowded at the margm of the granular layer, with
many cells arrested i ther migrauon The ndnadual cells are often clumped
wether, small and undiferentated (D) shows a growp of Purkimje cells mn dif-
ferent stages of drantegration The cytoplasm is homogeneous, some cells are
swallen, some shruken, and they Le clumped together in a completely patho-
logic wav

Striking of the 1 are further d 1n a 4 month
ld Luby (g 42) (1) shows a few fairly normally spaced Purkinje cells, each one
shows an undifferentiated form like that found at a younger age The cells are

Yacking i dilferentiation and the cytoplasm is it a stage of coagulation. (B)
aam shows the abnormal multipheation of Purkinje cell layers, with many cells
chumped togedier In (C) and (D) the & A cereb

ot the

{C) 15 compared with 1 normal case of the same age (D). It is mteresting to note
how small the actual folia of the wongolond cercbellum are compared with the
normal The former are less than half the size of the norm Lack of extensne
growth may be considered one of the reasons why the Purkinje cell layer re-
mauns crowded and the individual cell has no space for differentiation and grawth
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Fic 39 —(4, B) Anomalies m lateralizaton Note drfference of milorior olivary
nucleus on night and left
o - - “ weeks Although the tber

develapmental disorders
mutkes 1t a charactersstic

Figure 40 showsa ;n)cliu stain through the froneal lobe of a 10 month old baby
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Fic #1~(4, B) Abnormal cell metabolism {Nisit statn) 1n mongolism Note se-

vere pyknosis and sclerosts of nerve cells 1n a 19 month old infant (C, D) Abnor-
mal eelt metabolism (Nl stasa) 10 cerebellure

The reported changes are not haphazard findings but consstent in
every one of the brains which were studied Only the location and de-
gree of anomalies vary to a certain extent It seetns apparent that we
deal here with the primary faijure of the nervous system to differ-
entiate and grow The original anlage does not appear abnormal, but
at the same time that the other body organs Ealed to diffeventiate
normally the brain was affected mn a similar way The anomaltes in the
cerebellum, especially the tuber flocculus, are the mast striling evi-

dence of this atrest of differentiation. The failure of the cartex to
grow and differentiate provides further evidence.
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Fic. 40 —(4) Frontal fobe (myehin stam) Note abnormal mycdmation of fromtal
cores () “Tuber flocculus” (higher magmlication)
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Fic 41 ~(4, B) Abnormal cell metaholism (Niss} stain) i mongolism Note se-
vere pyknosis and sclerosts of nere cells 1m a 10 month old infant (C, D) Abnor-
mal cell metabolism (Nassl stain) in cercbellum

‘The reported changes ate not b

d findings but consi in
every one of the brains which wete studied Only the location and de-
gree of anomahies vary to a certain extent It seems apparent that we
deal here with the primary falure of the nervous system to differ-
entiate and grow The original anlage does not appear abnormal, but
at the same ume that the other body organs failed to differentiate
normally the brain was affected 1n a similar way The anomalies in the
cetebelium, espectally the tuber flocculus, ave the most strilung evi-
dence of this arrest of dufferentiation The failure of the cortex to
grow and differentiate provides further evidence
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Fic. 10 —{4) Frontal lobe (mydin stan) Note abnornnl myehinanon of frontal
cores (I3) “Tuber Naceulus” (highcr magmfication)
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q lism Note se-
Fic 41 ~(4, B) Abnommal cell metabolism (Nsssl statn) 1n mongol
1ere pyknosts and sclerous of nerve cells 1n a 10 month old infant (C, D) Abnor-
mal cell metabolism (N1ss] stam) 1 cerebellum

The reported changes ave not haphazasd findings but consistent in
every onie of the brains which were studied Only the location and de-
gree of anomalies vary to a certain extent. It seems apparent that we
deal here with the primary failure of the nervous system to differ-
entiate and grow, The ongmal anlage does not appear abnormal, but
at the same time that the other body organs failed to differentiate
nosmally the bran was afiecied in a similar way The anomalies in the
cerehellum, especially the tuber flocculus, are the most striking evi-

dence of this arrest of differentiation The falure of the cortex to
grow and dsfferentiate provides further enidence.
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Tic. 42 ~Companson between cerebellar Qaffs 101 1N gol and nor

mal controls (Nisst stain) Note crowding and underdoselopment of Pushinye cells
in mongolism, microgynia of cercbellar leaves (V, vessel, P, Purkinge celly) (De

scription, page 97))

In addition to the original changes, we find degencratne processes
which destroy what has been butlt up In some cases st 1s diflicult to
decide whether certam myelinated fibers bave ever been formed. It
scems obvious that the so-called “U-fibers” are not deseloped to any
extent (fig. 43). However, definte evidence of demyehinaung proc
esses is seen in figure 3218 and D, m which the severe denyelmaung

syrocess, often with deposits of calcium and secandary glinss, 15 dlearly

demonstrated.
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SPINAL CORD

Studies of the spinal cord of mongolowds have not been published,
to my knowtedge For the present discussion half a hundred spinal
cords were available They revealed a most charactenstic picture The
anomahes are 1dentical with those seen 1 myelodysplasia and spinal
dysraphism, mdicauve of a disorder of differentiation of the gray and
white matter int early fetal deselopment The spinal cord 1s never what
one would call “normal,” but the degree of pathology varies The

REEANE ST
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S, P T

.- . .
Tic 41=(1, top left) Spinal cord, twellth dorsal segment, 18 year old mon-
goloid hoy Note asymmetry of anterior horns: the left is underdeveloped; glious
around central canal, absence of scparation of Clark columns (B, bottom left)
Thrd dorsal segment. same case, Note asymmetry between right and left sides,
with underdeyelopment of all structures on the right (G, top right) Lighth dorsal
scgment, same case. Note seam between central canal and white matter, Jack
of scparatton of Clark columns, persistent fetal configuration of gray matter
with perststent roof plate (D, bottom nighty Upper doraal segment, 28 year old
mongoloid female Note hypoplastic gray mater with enlarged, persistent central
canal, mederate hydromyela, ghosis of central comnussure

f

alterations may be divided snto two groups: (1) mere retardation,
ranging from hypoplasia to true fetalism, and (2) arrest of deselop-
ment with pallmlugic differentiation.

Retardation and Fetalism
1t is a common feature in mongohsm that the central canal re-

mains open and forms a well outlined tube or a saguttal slot. At many
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[ T ey e

T16 H—(d, top left) Spinal cord, tuellth dorsal segment, 18 year old mon-
goloid boy. Note asymmetry of anteror horns: the Ieft 15 underdereloped, gliosis
around central canal, absence of separation of Clark columns, (8, bottom left)
Third dorsal scgment, same case. Note asymmetry between right and left sides,
with underdevelopment of all structures on the right (€, top night) Lighth dorsal
segment, same case Note scam between central canal and white matter, lack
of separation of Clark columns, persistent fetal configuration of gray matter
with persistent rool plate (D, bottom right) Upper dorsal segment, 28 year old
mongolowd female. Note hypoplastic gray matter with enlarged, perastent central
canal, moderate Iydromychia, ghosis of central commissure

alierations may be divided into two groups: (1) mere retardanon,
ranging from hypoplasia to true fetalism, and (2) arrest of develop-
ment with pathologic differentiation.

Retardation and Fetalism
It is a common [eature in mongolism that the central canal re-

mains open and forms a well outlined tube or a sagittal slot. At many
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recognizable. The white matter was spangy, and the vessels were
& .
cm(‘li?: (\{\;itl\ only minor degrees of developmental rcmrdnuun( ﬂlre
not too frequent, but there is another more common type o ‘1 e
lop { arrest m gohsm which seems to be unique. T.u‘s
15 the lack of separation of the Clarke colummns. In these cases, which
Tepresent the majotity, the gray matter behind the central canal
forms a broad mass 1n which the cells of the Clarke columns are em-
bedded without being separated by white matter, as (!\e‘j normally
are The central canal appears slotlike in a sagittal direction. The
antenor hotns are tound and short. If the picture is compared \\'1[!\
the embryologic development of the spinal cord, 1t appears that this
type of pathology represents a true fetalism. The gray matter presenies
the shape of the fetal gray matter. The ependymal shaft shows ab-
normal proliferation and abnormal differentiation. The ependymal
lining 15 also abnormal 1n the brain. We see, therefore, in mongolism
au ahnormal differentiation of the whole ependymal shaft throughaut
its Jength from its caudal end to the lateral sentricles

Fetalism with Abnormal Differentintion

Only in about 50 per cent of the cases may the pathology be con-
sideved as a moderate or severe arrest In the other half, arrested
development is associated with abnormal differentiation, certan struc-
tures fail to develop, and true malformations are present Such patho-
logic development conswsts of ghotic proliferation of the ependymal
shaft with true syringomyelia and anomalies of the anterior Lorns,
which are of different size and structure. The whole gray matter may
be displaced antenonly, so that the anterior sulcus is shallow, In one
f?se the gray matter bordered the anterior surface of the eninal ~~ea

he wncenmast
tm

B
fou a v us su YDy with congemital club feet In this
iase a my(;alodysplasla of severe degree with absence of the posterior
“otns and abnormal differentiation of the whole

ay matf vi

present BRy matter was

Study of the spinal cord provides evidence th:

at the -
s which wiluence the development of the fetus acvtatflr‘(()‘::g;cthc
early period 1n fetal life. They mterfere with the d o

ifferentiat
the whole nervous system. The developmental anomatiae M‘:ofn of
moderate degrees of »nfaws

normal differentia
linanion, spongy e

“uesti, VASCUIAY stasis and in-
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ressels were

recognizable The whate matter wis spongy, and the vessel

3 .
méﬁf (\l«id\ only minor degrees of developmental retn{(}azcnn:[ z:‘r:.
not too frequent, but there 15 anolh'er maore cormll’mnmzpue e
is the lack of separation of the Clarke co 3 2
represent the xgajomy, the gray marter behind 1he‘cemrn:l“:af::l_
forms a broad mass in which the cells ufvihe Clarke columns e o
bedded without being separated by white matter, a5 (;hey[fu; T Thi
ate. The central canal appeats slotlile in a sngngl irectio! ‘ o
anterior horns are round and short If the picture is compari( \\l;( il
the embryologic development of the spinal cord, st appears & mlewl;:
type of pathology represents a true fetahism, The gray manfer ﬁ)res e
the shape of the fetal gray matter. The epend)fmal shaft s| 10\(\15 a -
normal proliferation and abnormal differentiation The epen y‘ma
Jming is also abnormal m the brain. We see, therefore, m mongohism
anzbnormal difterenuiation of the whole ependymal shaft throughont
1ts length from its caudal end to the lateral ventncles.

Fetalism with Abnormal Differentiation

Only in about 50 per cent of the cases may the pathology be con-
sidered as a moderate or severe arrest In the other half, arrested
development 15 associated with abnormal differentiation, certain struc-
tures fnd 1o develop, and true malformauons are present Such patho-
logic development consists of ghotic prohiferation of the ependymal
shaft with troe synngomyelia and anomalies of the antenor hotns,
which are of different s1ze and structure The whole gray matter may
be displaced anteniorly, so that the anterior sulcus 1s shallow. In one
case the gray matter bordered the ansersor surface of the spinal cord.
The posterior horns were frequently abnormal, asymmetric, and a few
times completely missing The most conspicuons malformation was

fouad in a mongolowd of 16 years with congenital club feet. In this
case 2 myelodysplasia of severe degree with absence of the posterior
homs and abnormal differentiation of the whale gray matter was
present.

Study of the spinal cord provides evidence that the pathologic fac-
tors which 1nfiuence the development of the fetus act fromna Vi
€arly period n fetal tife They interfere with the differentiation of
the whole nervous system The developmental anomalies range from
moderate degrees of infantilism to severe degrees of feralism ‘a\'ith ab.
“rml{al differentiation. The pathology includes alsg nsufficient m e:
tination, spongy edema of the wlute matter, vascular stasis and zn-

ery
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sufficient myelination of the peripheral nenes. Various degrees of
hydromyelia, shaft ependymosis and true syringomyelia are not rare,
The most unique developmental defect is an abnormal persistence
of the rvof plate with junction of the Clarke colummns. which are
fmlnd embedded in a broad band of gray matter that forms the pes-
terior gray commissure.

SUMMARY OF OBSERVATIONS

In spite of the fact that previous imestigators were net able
reveal cousistent pathology of the central nervous system in mon-
golism, the available matenial indicares that mongolism is asociated
with a particular neuropathology which is as typical as the clinial
picture irself.

For the sake of distinction, the alterations may be divided inte
two groups: (1) pathology of development and (2) pathology of brain
metabolisar,

It has been one of the main subjects of my studies 1o arily the
discussion about the comolutional and fissural patterns. If the pi
arachnoid is stripped off the brain and the leptomeninges are entirely
remored from the sulci. it becomes obvious that the main fisural
patterns are normal, and a similarity to patterns of lower animals was
in no case present. Al fissures which are in a sagittal direction appear
distorted: they are either “"S"shaped or deviate upward. accordion-
like. About the inferior and lateral parts of the frontal lobes and
about the occiput. the folding is increased through upward thrust.
while the convexity is stretched like an arch by shortening of the
basis. It is true that the comolutions upon the convexity appear
simple and broad. but an analysis of these convolutions reveals that
the dividing fissures are either distorted or submerged beneath the
convexity, The flattened convolutions have a drumstick shape. and
fissures have distppeared by fusion of their walls. This phenomenon
of fusion of the fisures is. 1o my knowledge, not mentioned by pre
vious investigators. but it Is one of the mast characteristic feagres of
the mongoloid brain. There was not a single brain beyond the age of
four years in which this fusion of fisures was not present. Morgan
has restricted his work to a studv of the hypothalamic region in
mental deficiency. He obsened fusion of the walls of the third ven-
tricle. In one of his cases. “The ependyma was obliterated in the
center of this fused area. allowing the hvpothalamus to become con-
tinuous across the midline.”

In summary of the disorder of convolutional and fissural parterns,
there are three factors which account for the pathology: (1) sub-
merging of fisures through fattening and distortion of comolutions:



107
ANOVALIES OF THE NERVOUS SYSTEM

i ression
(2) fusion of fissures which were previously separaled.‘ ‘(32‘:;;["1‘7‘5‘3“&,
of secondary fissures through arrest of deyclupmem. o
one may obsenve an arcadesshaped outline of the archy H
hen place
vagmation of the surface has not ta € .
Thus disorder of the “pengenisis’ 18 not without m(h@nc{e llp()ls] :;Z
i The different cortical area!
cortical tectome and myelinanion T s
well differentiated The disorder of the ﬁSS}ll'.CS, however, 15 a_ssqcmtcd

vestigators (Weygandt) These cells are numerous in older m(:.::
golowds. Sections whach are grossly ncrma! sho\\"ratlwr.dense armnal
ments 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 increasing differenuiation, the space be-
tueen cells becomes larger and the individual ce'll appears more de-
seloped In mongolism the cortex shows infantile patterns, with a
broader contical 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. Tan-
gential fibers are exther absent or poorly deseloped Tlne gray matter
s almost without myelinated fibers because tangential fibess are not
present and the radauon does not penetrate nto the superficial
layers In the younger mongoloids, lack of U-fibers is conspicuous,
Teaving a bright band between the dark medullary core and the gray
matter Especially conspicuous is the dusorder and underdevelop-
ment of myelination n the cerebellum The fibers are craree and
o 2 -

i + swpunnanun ale dDSENL. It 15 of interest to note that the
disorder of cyto-architectonics and myelinaton is mote obyious 11
the cerebellum, the pons and the medalla than the pallium.
Purlinge cells ave Lined up 1 several rows or are absent, and many
are found arrested within the stratum granulars. A “tuber Aocculus”
descnibed by Gans was seen 1n my matenal 1n over half of the cases
studied

From a study of mongoloid brains
therefore, evident that degeneration

through all age gronps, it is,
cells and atrophy of the

of brain ussue, loss of

% fene
cortex with gliosis and narheman-e. -
Lrasis are stuate meneoe s v .

was marke . .
though th - ' v wcudlenoration Tyt e
minor degrees of the sa

Was not seen in all cases,
me alteration were frequentle amen. .. >
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suflictent myelination of the peripheral nerves. Various degrees of
hydromyelia, shaft ependymosis and true syringomyelia are not rare
The most unique developmental defect is an abnormal persistence
of the rool plate with junction of the Clarke columns, which are
f(m_n(l embedded m a broad band of gray matter that forms the pos-
terior gray commissure.

SUMMARY OF OBSERVATIONS

In spite of the fact that previous mvestigators were not able to
reveal consistent pathology of the central nervous system in mon-
golism, the available material indicates that mongolism is associated
with a particular neuropathology which is as typical as the clinical
picture 1tself

For the sake of distinction, the alterations may be dwided into
two groups: (1) pathology of development and (2) pathology of bram
metabohism.

It has been one of the main subjects of my studies to clanfy the
discussion about the convolutional and fissural patterns If che pia
arachnoud is stripped off the brain and the leptomeninges are entirely
removed from the sulci, it becomes obvious that the mam fissural
patterns are normal, and a stmilarity to patterns of lower antmals was
tn no case present Al fissures which are in a sagittal direction appear
distorted; they are either “S”-shaped or deviate upward, accordion-
like. About the wferror and lateral parts of the frontal lobes and
about the occiput, the folding is increased through upward thrust,
while the convexity 1s stretched hike an arch by shortening of the
basis. It 1s true that the convolutions upon the convexity appear
simple and broad, but an analysis of these convolutious reveals that
the dividing fissures are either distorted or submerged beneath the
convexity. The flattened convolutions have a drumntick shape, and
fissures have disappeared by fusion of their walls. This phenomenon
of fusion of the fissures is, to my knowledge, not mentioned by pre-
vious investigators, but it is one of the most characteristic features ot
the mongoloid brain. There was not a single brain beyond the age of
four years in which thss fusion of fissures was not present Morgan
has restricted his work to a study of the hypothalamic region
mental deficiency He observed fusion of the walls of the third ven-
tricle. In one of his cases, “The ependyma was obliterated 1n the
center of this fused area, allowing the hypothalamus to become con-
tinuous across the midime.”

In summary of the disorder of convolutional and fissural patterns,
there are three factors which account for the pathology: (1) sub-
merging of fissures through flattening and distortion of convolutions;
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(2) fusion of fissures which were prev lD\\S‘?’ iEP“a:’e:"ISz:;;pl‘;:;:g:‘

of secondary fissures throngh arrest of development. v

one may observe an{atca;‘le-shapedk 0:';5;:;0‘ the architecture,
gmation of the surface has nat taxel -

‘a"{’;?:f:ma“ of the “pcrigenisis" 15 not without mﬂuc;nce upon the

cortical tectome and myelination The different comc;§1 areas arg

well differentiated The disorder of the fissures, however, is associate

. . .- - " irregu-

>f small
s .y «ome in-
Testigators {Weygand) These eells ave numerous in older mon-
golowds Sections which are grossly normal show md\er.dense arrange-
ments of nerve cells, which correspond 1n their architecture to the
narmal after birth The infantile cortex is denser 1n cells and appears
somewhat broader. With increasing differentiation, the space be-
tween cells becomes larger and the individual cell appears more de-
veloped In mongolism the cortex shows infantile patterns, with a
broader cortical stratum and denser cell arrangement—not to speak of
the cell Toss, which will be discussed later.

The pathology of myehnation is conspicuous in every case. Tan-
gential fibers are either absent or poorly developed Tle gray matter
15 almost without myelinated fibers because tangential fibers are not
present and the radiation does not penetrate into the superficial
layers In the younger mongolods, lack of U-fibers 15 conspicuous,
leaving a bright band between the dark medullary core and the gray
matter Especially conspicuous 15 the disorder and underdevelop-
ment of myehmation i the cerebellum. The fbers are scarce and
end far away from the tip of the fola, thus teaving a rather large area
of the stratum granularis without myelinated fbers. Supra- and infra-
ganglionar myeliation are absent It is of mnterest to note that the

disorder of cyto-architectonics and myelination is more obvious in
the cerebellum, the

b € pons and the medulla than 0 the pallium
urlanje celis are lined up 1 several rows or are absent, and many

a‘te (m‘mg a::resled within the stratum granularis. A *tuber flocculus”

described by Gans was seen 1 my materi

—— y ial m over half of the cases

. Fm‘m a study of mongoload braimns
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r:‘:‘r: ;:]rs eud?nt that degeneration of brain tissue, loss of nerve

Tona “eaal‘v‘?];;y of the c]nnex with ghosis and pachymeningeal fi-
¥ays present In some of mr 3
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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 necrotic. Islands in which
the ground substance seems still intact alternate with necrotic patches.
On the tissue islands, nerve cells in all stages of degeneration are
noticeable. The cytoplasin 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, recognizable in every case, 13 due to a continuous edematous sub
merging of nerve tissue in which cell after cell meets death by suf-
focation. In Nissl preparations, various stages of misplacement of
Nissl substance to the edge, formation of vacuoles and chromolysis
are present, Many cells are loaded with fat. Similar observations are
mentioned by Meyer and Jones, Canavan, and Philippe and Ober-
thur, who noticed vacuolated cells also It seems of mportance to
trace degeneration of nerve cells mto its early stages, and mn young
mongoloids below 1 year we encounter, mdeed, the first stages of
this pathology. At that age the loss of cells is assocrated with cell
changes of varymng severity Acute degeneration is general and occurs
withun a rather densely piled cortical stratum  Almost every necrosis
can be traced to a vessel in the center. The matenal indicates that
edema of the nerve tissue with asphyxiation of the cells is one of the
most important pathologic features. It 15, therefore, evident that the
loss of ganghon cells 1n mongolism 1s due to a continuous dropping
out of cells, owing to a pathologic condition of the bram. The re-
maining nerve cells are m a stage of severe disease, either ischemic
or sclerotic, with all those changes described by Nissl, Spielmeyer,
Cobb, and recent investigators of asphyxiation. In regard to the
localization of cell destruction, the frontal, temporal and OCClpllﬂI
lobes seem mainly affected, but 1n older mongoloids there 1s no part
without involvement. It 1s, however, worth mentioning that the
degeneration of the basal gangha and the hypothalamic region is
less consprcuous than the cortical destruction Especially in the mon-
goloid nfants below one year, the cells of the hypothalamic regton
were well preserved, wihile at that age the dentate nucleus and the
fascia dentata of the luppocampus showed a marhed degree of disinte-
gration.

Similar changes of a “metabolic character” are also seen 1n the
white matter. Patchy necrosis, with softening and loss of myelnation,
was evident. It was again of interest to determme whether these
changes are consistent with the pathology of mongolism and are pres-
ent in infants below one year. Meyer and Jones included mn therr
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materral one case of a mongoloid male infant, aged 10 months They
noficed some rarefactzon 1n the myehn. There was also glia prohfera-
tion m subependymal areas and perwvascular sdems}s ﬂ\r'oughou[
the white matter as far as it could be ascertained Davidoff mclude.d
tno cases of mfants 1 hus description. The first was a mongoloid
female child of 11 sonths. In the white matter he noticed

seseral areas ol demyelmation affectng at nmes only a few fbess, which could be
followed for a considerable distance 1n myelm sheath preparations Along the
path of these degeneraung fibers were granular corpuscles, enther smgly or m
groups, starmng brilltant red 1n preparations for fat and aho taking the deep
blue tone of the myelin fibers These ateas were almost wholly (.onﬁned to the
neighborhood of the ventricular system A somewhat Jarger collection of granular
corpuscles {lus figure 5] seemed to differ in character from the others, the cells,
m addition to vacuoles representing fat, also contained pigment which gave
the 1ron reaction and showed a pseudo-calcareous reactton in hematoxylin and
€osn preparations
In the second case, a male infant of 6 months,

numerous small areas of absent myelination were present Here also, as 1n Case 1,
the pash of the absent myelm was strewn with granular cells stamng deeply for
fat as well as the hematoaylin 1n the myelin sheath preparauons
Those areas were also described by Philippe and Oberthur

A lustalogic analysis of the alterations 1n the white matter reveals
that under low power the changes are best described as “moth eaten™
and are areas of focal softening That the enlargement of the peri-
vascular space 18 not artificsal 15 clearly indicated by homogeneous
masses which fill the spaces or fat corpuscles or caloum A network
withun the spaces 15 freqently preserved The concrements are Fre.
quently referred to as calcrum or pseudo calerum because of the stam-
1ng reactions Davidoff, and Meyer and Jones have analyzed those
areas of necrasis and bave demonstrated that they are filled with
granular corpuscles and fractrons taking the fat stain Meyer and
Jones apphed the Holzer stan and demonstrated that there 15 a
dcﬁ‘m(e scarrng around the vessels The elis fhore -

by the tannin-
- o e suusildLs appears homogeneous, and cells are
m:n\ to recogmize The venous system generally shows enlarge.
me Gt :axm} congesuion, stasis 1s marked 1n the capillaries of the \\h%t-
: nd gray matter In some cases the vascular walls ary ]e
wmozencons or degenerated T oo ¢ el
e

THma e
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By demonstrating the ground substance, the spechled pepper and salt
appearance of the tissue is impressive. Under lower magnifications
the tissues appear mottled, thinned out and necrotic. Islands in which
the ground substance seems still intact alternate with necrotic patches
On the tissue islands, nerve cells in all stages of degeneration are
noticeable. The cytoplasm 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 ate confluent and
form a large area of necrosis. It is suggested that the dropping out of
cells, recognizable in every case, 1s due to a continuous edematous sub
merging of nerve tissue in which cell aflter cell meets death by suf-
focation In Nissl preparations, various stages of musplacement of
Nissl substance to the edge, formation of vacuoles and chromolysis
are present. Many cells are loaded with fat Similar observations are
mentioned by Meyer and Jones, Canavan, and Philippe and Ober-
thur, who noticed vacuolated cells also. It seems of umportance to
trace degeneration of nerve cells into 1ts early stages, and n young
mongoloids below 1 year we encounter, indeed, the first stages of
this pathology At that age the loss of cells 1s associated with cell
changes of varying severity. Acute degeneration s general and occurs
within a rather densely piled cortical stratum Almost every necrosis
can be traced to a vessel in the center. The material mdicates that
edema of the nerve tissue with asphyxiation of the cells is onc of the
most important pathologic features It 1s, therefore, evident that the
loss of ganglion cells in mongolism 1s due to a contunuous dropping
out of cells, owing to a pathologic condition of the bram The 1e-
maimng nerve cells are 1 a stage of severe disease, either 1schemic
or sclerotic, with all those changes described by Nissl, Spielmeyer,
Cobb, and recent mvestigators of asphyxiation In regard to the
localization of cell destruction, the frontal, temporal and occipital
lobes seem mainly affected, but in older mongoloids there is no pait
without involvement. It 1s, however, worth mentioning that the
degeneration of the basal ganglia and the hypothalamic regton is
less conspicuous than the cortical destruction Especially 1n the mon-
goloid mfants below one year, the cells of the hypothalamic regron
were well preserved, while at that age the dentate nucleus and the
fascia dentata of the hippocampus showed a marked degree of dismte-
gration. .
Similar changes of a “metabolic character” are also seen in the
white matter. Patchy necrosis, with softening and loss of myelination,
was evident, It was again of interest to determune whether these
changes are consistent with the pathology of mongo'lism and are pres-
ent in infants below one year Meyer and Jones included in therr



m
ALTERATIONS IX ORGAN SYSTEMS

TaBLE 6 —Werght of Thyrosd sn Mongolism®

Waght
Caseno o Sex et case no A% Sex )
i 15 13 10 12 10 F g 3
2 2 M 2.3 13 12 F 0
3 5 M 11 14 15 i 70
4 6 F 05 15 15 N 60
5 7 M 25 16 16 M 7.7
6 H ¥ 20 u 16 s 1o
7 19 M 20 13 17 M 50
— 19 s i1 1no

1o 20 18 M 35

8 15 ¥ 10 2 20 M 30
s 87 ¥ 50 2 20 M 190
0 - 88 M 25 23 28 F 5.5
o908 F 45 2 3 M 33

* Including capsule and connective tissue

There are few careful observations on the weight of the thyroid
of normal persons Heruzler in his book writes that the gland
weighs 25 Gm at birth and 10 Gm. at an age of fourteen years The
remainder of weight, say 15 grams, develops after puberty up to
twenty-five grams average weight at twenty-eight years of age. For
the adult thyrosd, a weight of 20 to 30 Gm. is generally considered
normal, and 2 weight of 2 to 3 Gm, is normal at birth, 1 am not aware
of any data on the normal thyrotd weight during infancy and child-
hood 1n 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 gven in table 7 Thus table guees a reliable mimmimum of what

may be expected in the average child, although the given werghts are
probably low because some feeble-minded children were included.

TanLs 7 —dserage Werght of Thyrosd of 40 Control Indrciduals

Agen Years ’rhn?‘.:im\\)g,,m
3 245

8 6

2 814

u 12414

1 12-20

w» 17-24

» wus
and sbove

— e



CHAPTER VI1

ALTERATIONS IN THE DIFFERENT
ORGAN SYSTEMS

THE THYROID GLAND

When, at the end of the last century and at the beginning of this one,
mongolism was recognized as a morbid entity and separated from cre-
tinism, some interest was centered on the pathology of the thyroid.
Several of the earlier reports mentioned a “normal” thyroid, appar-
ently in contrast to the thyroid in cretinism, which shows conspicuous
signs of pathology. These earlier reports had few facts to rely on as
to the structure of the normal thyroid and the general patterns of
endocrine pathology. In the light of present day knowledge, they are
of little value Bourneville, however, reported definite changes, mostly
of a degenerative nature. In recent publications, Gordon and Pen-
nacchiett1 have reported pathiology. The latter called attention to the
similarity between goiter in childhood and the alterations seen by
him in his mongoloid material. All these reports were based on only
a few observations. Thyrord therapy had been twrred, but with litile
success on the whole, and the function of the thyrord in mongolism 1s
stll a matter of much argument. In 1939 I first gave a report ou the
thyroid in mongolism, based on a study of 14 cases In the meantime,
the materal has increased to more than 80 cases.

The study of this material establishes beyond argument that the
thyroid in mongolism is profoundly abnormal. Although the tenn
“colloid goiter” is used to indicate the histologic appearance, it does
not mean an enlargement of the glands, The weight of the thyroid
is far below normal; and considering the fact that 1t 1s impossible to
separate correctly the glandular tissue from the surrounding connec-
tive tissue, the given results are still in excess of the actual thyrod
weight. The weights of 24 cases are¢ given in table 6. .

The hypoplasia is impressive at antopsy, and it is sometimes. dlﬂ:l'
cult to separate the gland from its surroundings. The location is
rather low around the trachea, and thyroid and thymus are frequently

incompletely separated.
110
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TABLE 8.—*“Normal” Thyroid W cights

CIILDIOOD
Author 1: hmid Wepel. F b talds
Place Bern, Sustreriand I North Germany | Kewme, Taly ‘ Flrente oty
Age Gm ’ Gm , Gm ‘ [+L]
Newborn 1466 19 1.5-3.0 11
1 year 50 24 1.9 1.7
2 years 75 37 22 28
4 years 45 61 — 34
6ycars 17 0 7.4 4.4 36
11 years 25.0 1.2 7.0 -
ADULTS
Author Manne & Kimball Huek, Wegeln Marchand
Place Us A North Germany France
! Gm , Gm ’ Gm
‘ 25 ! 20-25 I 22-2¢

Comparson with a weight table (table 8) prepared by Eggenberger
for several European countries shows that the weights given in table
6 can be generally accepted.

These tables demonstrate that the thyroids of mongoloids are ev-
tremely underdeveloped The hypoplasia varies m its extent, but it
was present in all cases, with the exception of two described later. The
most extreme degree of hypoplasia was seen in four patients. One
mongoloid girl of 4.5 years of age had only two small nodules with 2
total weight of 1 Gm. In one mongaloid baby the thyroid was absent,
but some abnormal thyroid ussue was found within the thymus. One
9 year old boy had a thyroid weighig 2.5 Gm, and in one 18 year
old boy the gland weighed 3 5 Gm. In several cases thymus and thy-
roid were connected with each other, and it was impossible to separate
the two without use of a microscope. .

The pathology of the thyroid can be understood only through mi-
croscopic study. It may be useful to start with a brief discussion of the
normal thyroid in infancy and childhood. Such a report may be the
more welcome because of the lack of studies at hand. .

The glandular tissue develops from solid epithelial nests during fe-
tal life, which gradually form lumina and secrete colloid. In fetal
thyroids many aciniare already well developed in the In'st four months
before birth and contain colloid. After birth the !llyro!d is Fompo:cd
of acini which are lined by cuboid or high columnar epithelinm, Wet-
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rel states that the thyroid of mfants shm.vs a uniform picture. The
acmi are of almost equal size, and the diameter gradu.all)' :ln;-‘rcas_gs
from 50 to 100 & during the fiest year. The colloid 1s thin and Liqu: ;
Concerning the uniformity of the size f)f acini i the so Canedln()m}a
thyroid, my observations are more 1 line with those of Hertzler, w ho
stressed that throughaut nfancy and cluldhood there are sold epi-
thehal nests and small new-formed acint to be found beside the well
developed acint which contain colloid It is, however, true that the
acini gradually increase in size and that an average (3( 250 g 15 nat to
be found before 4 years of life. Greater distention with flattened epi-
thelial walls and brittle colloid is not common before the age of 8 to
12 years. The normal epithelium is cuboidal, witha vesicu\ar nucleus
and a clearly demarcated cytoplasm The adjacent acini walls do not
crowd each other and are separated by a large capillary system and fine
comnective tissie fibers Hertzler mentions that “the colloid m yery
early life is so thin that 1t 15 not stained at all by eosm and only famntly
by Mallory's trichrome methylene blue It does not stain normally as
compared with that of the adult until the fourth to sixth year. When
1t does stain, it 15 uniformly acidophilic with eosin.” Normal colloid
stains red with eosin and biue with the tnchrome Mallory. Heruler
and others use the term “acidophilic,” but this term rermunds one too
much of the acidopluls of the prtustary gland, which stamn red both
with eosin and with Mallory’s trichrome stain, while normal colloid
of the thyroud stains light biue with the Jater 1€ collowd becomes ab-
totmal, thick and stagnant, the color 1s darker Abnormal colloid
stains with the hematoxyl of the H & E stain, while it stains orange
by Mallory's tnchrome Brutleness 1s clearly indicated by wavy ap-
pearance and splintering

One may approach the problem by establishing the main patterns
of pathology whiuch can be found in mfancy and childhood The so-
called Basedow thyrasd is not wctuded

1. Distension of acimy beyond normal size,* with flattening of epi.

* Felix Pelason in 1919 re, i

ported the great vanability in size of the aheal
‘I«:\:ﬁh fange from 20 10 180 ,, The shape 1s irregular There 1s also maeasedep:.’
eration of interalcolar connectin e tnsue and eputhelial probfesation {page 27)

" :xrmt% {Lanttrued) —(B, 10p nght) Colloid gorter with possible foxic acnit
. I:-lr: );;‘r“n:ld mm‘ﬁﬂul;d girl Note extreme entargement of acyn ﬁllez{
cring collow, some epithelial nests bel i

formation (£, mrddie v , T4 e el
., hty Resung collowd gower 1n 2 14 year D ond
:;:X:n }m!c cnh{guntm of aum bnttle colloid, lhucmna’ota e;:i::rgolo.d
o m;“-’:"]\::l(:\;:ulauzn {F. bottom right) Resung rollou;gmler in n‘7 u‘,ﬂ“?'
pll ale Note flat o
o ———male ||ucnm.;1“|‘::§:‘ cpithelial wall, crenated, brttle collond,
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Fic 48 —(d, top left) Collord gorter with fibrosis mn a 6 month old mongolord
female (31/62) Note enlargement of actm filled with thick, crenated collond, flat
tening of epithelial walls, replaccment fibrosis (B, muddle left) Collond gorter in
an 8 year old monqa]oldlnﬂlc ‘€58<;3) Note enlargement of aant up to 500 g
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Fic 5 ! fe-
Fic 50 ~Thyroid 1n mongolism (H & E stam) (4) Thyroud of 20 yezr old
male {B) 1‘1.,,3,111 of 25V year old male (€) Thyroid of 22}% year old male (D)
Thyroid of 33 year old female

3. Increase in connective tissue separating the acini and encroach-
g upon them replacement fibrosts

1. Incquality of acmi, most of them abnormally distended by col-
lowd Solud epithelial nests and small acini with thin collord between.
Prohiferation of epithelial cells in the epithelial wails, daplication of
walls and papillation collowd gouter with possible toxic actity.

These four standard alieranions may decur in Vatious combinations.
The pathologust 1s not able to make a statement about toxicity or mere
ypolunctsion Untrl recently observations of pathologists and clint-
cans were so little 1n accord with each other that 1t seemed almost im-
pessibile to come to any agreement Revent research, howeer, gitesa
Yead for a sounder approach to correlating histology and physiology.
The celts of the duyroid are a secretory epithelium and have the sk,
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thelial walls, disappearance of cytoplasm border lines, and pyknosis of
nuclei. Acini tightly filled with colloid which stains dark pink or dark
blue and orange and is wavy and brittle, The epithelial walls touch
cach other, and there is little interstitial tissue: colloid goiter, “rest-
ing.”

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

Fic 49 —(.4, top left) Collord-free “cretinond” thyroid 1 a 9 day old mongolowd
male baby (31/76) Note fetal nodule without formauon of acint and colloid, 10+
creased connectiie tissue and lrrcgulnr_fpuhclml prohiferation (B, lm!ft_)m "fﬂ)

. lond-

R regu-

lar cpithelial prolifﬁmli(.)ll \\'l‘lhoul acint formation, ncreased fibrosis (D, bal!om

right) Colloid-free “cretinoid” thyroid in 11 year old mongoloid (11/139) Note
“myxedema” cells & ithout colloid formation in thyroid
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Fic 50 _Thyrosd s mongolism (H & L stain). (4) Thyroid ol 20 yeur ol fe-
male (B) Thyroid of 2512 year old male (€) Thyrowd of 22}

2214 year old male (D)
Thyroud of $3 year old fernale

3. Increase n connective tissue separating the aani and encroach-
mg upon them replacement fibrosis.

4 Inequality of acint, most of them abnormally distended by col-
losd. Solid eputhelial nests and small acint with thin collond between
Proliferation of epithelial cells 1n the epithelial walls, duplication of
walls and papillation collowd goiter with possible toxic activiy

These four standard alterations may occur m various combmnations
The pathologust 1s not able to make a statement about Xty or merce

hypotunction Until recently observations of pathologsts and clini
aans were so Little 1 accord with eac!
POSSIblE e~ v s s

lead for a
The cells

h other that 1t seemed almost 1m-
AR B -
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thelial walls, disappearance of cytoplasm border lines, and pyknosts of
nuclei. Acini tightly filled with colloid which stains daik 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, “rest-
ing.”

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

Fic 49 —(1, top left) Collord frec “cretnoid” thyroid in a 9 day old mongoloid
male baby (31/76) Note fetal nodule without formation of actm and collond, 1

ive tissue and irregular epithehal proliferauon (B, bottom left)
creased commECt e e AN Pt aata 148/92) Note

Colloid-
* o arregu-
i { tibrosts (12, bottom
2 thelal proliferation without acini lormation, increased
17:;/;‘;‘C0110111Pfree “cretnoid” thyroid 1n 11 year old mongoloid (41/139) Note
“myxedema” cells without colloid formation in thyrord
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be determined Myxedema cefls were present fnsome of these glands;
1he Tack of colloid was conspicuaus i n'll of thenn .

The presented matesial provides c\xdcu(‘c that a;}pm\lnlm'lc:) (B
per cent of the mongotoid \m\cm.s.lcspcu:\lly Liahies and i m:l s,
are on the threshold of hypmh',m\d}m\ anel fuﬂcr [rf)m an inade-
quate thyroid supply. In all mongotoids, thyroid (u_x\c\m}\ is L\g(':,u\r;,
even if 1t cannot be demonstrated by avaitable physiologic tests. The
only gland which was macroscopically cn\nr;:cf\ was tha of A panen
with Hashimoto's thyraiditis, in which practically ‘!hc entire gland
was replaced by lymphatic fissue, Ol the two “nornial” g\am\s,v(mc was
that of an § month old baby who died of prreumon after having heen
treated for seven months with thyroid and pituitary injections; the
ather was that of 2 2 day ofd mongoloid. The gland i the latter case
showed well developed, rather large acint which consained thick col-
loid. This is not exactly what one may consider a normal thyroi and
is suggestive, at least, of some abnormal premature stimulation.

I'may summanze that the mongoloid bhaby starts life with abnormal
thyroid function Not only is such a thyroid not fit to provide the
necessary hormones, but the fact that the thyrod shoses profountd
pathology from the very beginning indicates that the causatise factors
operate from the prenatal period on. It would be of great interear if
one could draw conclustons fram the pathology of the newborn as to
the maternal deficicncy, but the obsen auans 3re stll 100 confusing

The lustologic obsenvations indicate a definite thyroid pathology
1n mongahsm. Research over the Yast decades has establishied 2 useful
concept of multiple sntevrelated parameters of thyroid function. Varr.
m;zsil:ss m ﬂ'\ebc[omse of thyroid funcuon are l\e\e"fﬁn'm by 1ests
g mnery;r::\lea(ui' taend each test throws light on an indis idual pa-

N sults are Teported chapter VIIL As «ill be

S¢en, some parameters in the thyroid function of the mongaloid pa-
tieut are normal but the fact thay some intermedaary steps da not
fe::e;al abriormal function dogs not permit the conelueinm toae o1,
Whala ot -

* Yor futther mformation, see the
o 3 omprehensine b i
?::d by Homobhy snd Freedberg, New Lngland ] ed :I hThc s
oary 196, alter completton of thys chapter P ampeined
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TABLE 9 —Pathology of Thyroid in Mongolism

No %
Colloid goiter, “resting"” 15 273
Colloid goiter with marked fibrosis 16 91
Collord goter with signs of possible tovic activty 1 200
Tetal glands without colloid formation 6 108
Fetal cell nests and nodules with some colloid formation in periphery 4 73
Chronic Iy mphatic thyroiditis (Hashimoto's thy roxditis) 1 18
Normal (one prematurely advanced) 2 36

l 55 , 100

of discharging their secretion mnto the lumen of the acini, in wiich
the mcretion 1s stored as collord The colloid is viscous, but 1t 15 2
fluid that is in permanent exchange with the cpithelial 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 epi-
thelial wall, collord in a correct state of liquidity, and sufficient vas-
cularization. If colloid 15 stored and petrified to such an extent that
the eprthelial wall is flattened and the cells are unable to secrete, the
gland 15 no longer sustanung normal function. If no acint arc formed
and no colloid is produced at all, the gland 1s then unable to carry
out its assignment. The deduction that new growth of epithelium may
have a toxic mfluence upon the organism 1s taken from observations
in Graves’ disease, in winch epithehal proliferation and papillation
domimate the prcture. The type of toxicity and its extent cannot be
determined by histologic means

The pathology of the thyroid in mongolism 1s summarized in table

The mongoloid has a thyroid which does not function properly. If
we take all cases with resting collord goiter and fibrotic colloid goiters
or those with possible toxic activity, we sce that 42 of the 55 patients
fall into this group Histologically, the increased colloid storage is un-
doubtedly the most frequent finding in mongolism and may be scen
even in babies of a few months. Such completely resting colloid thy-
roids have never been described in infants of such a young age. It is
wrong, however, to consider the collord accumulation as the only type
of pathology present in mongolism It is unportant to realize that 10
patients, or 18.2 per cent, had fetal glands which were C}tllcr :mt de-
veloped at all or showed fetal nodules of considerable size Whether
this fetal tissue as such exercises any abnornal toxic influence cannot
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be determined. Myxedema cells were present i some of these glands:
the lack of collotd was conspicuous in all of them, )

The presented material pronides e idence that nnpm\nnn'lc\y 18
per cent of the mongoloid |)nlic|us..cspcc1.ﬂly Tabies and n)hnu.
are on the threshold af hypothyroidism and suffer from an inade-

. . R Sttt T g

. +o The

T dtient

s s Sland

was repfaced by lympl’aaﬁc tissue, OLthe two “normal™ glnnds._nnc nas

that of an 8 month old baby who dhed uf pneumenia alter having been

trested for seven months with thyroid and pituitary injections; the

other was that of a 2 day old mengoloid, The gland in the Janer case

showed well deveoped, rather farge acini which contained thick cul-

Toid Thus is not exactly whiat ope may consider a normal thyroid and
is sugmestive, at least, of some abiounal premature stimulation.

1 may summarize that the mongoloud haby starts life with abnormal
thyroid function. Not only is such a thyroid not fit 10 provide the
necessary hormones, but the fact that the thyroud shows profound
pathology from thse very beginning indicates that the causative factors
operate from the prepatal peviod on. It would be of grear imerest if

ane could draw conclusions (rotu the pathology of the newhorn as o
the meneacwe 3 3 P -

t o sassainn uye LY LdsE decadtes has established a pselu)
concept of muluple wterrelated parameters of thyrord function, Vari-
ous steps 1t the course of thyroid fuuction are determined by tests
presently available, and each sest throus light on an indvidual pa-
rameter Some test results are reported 1 chapter VIIL As will be
Seen, some parameters 1n the thyroid function of the mongoloid pa-
uent are normal; but the fact that some intermediary sle‘;)ﬁ do llllll
tﬂe?‘ a?noxma} hunction does not nermit the coanateo - 1

s stormaLe La e ae Uleer Usstes
* For tunther information,
o 13 . se¢ the comprehensive -
§‘::‘:1 by Hamolsky and Freedherg, New Lngland 1. et ey L1, 0%
Aty 1960, afier completion of thos chapter P appesred in
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TABLE § —Pathology af Thyroid in Mongolism

No i
Collord gouter, “resting” 15 23
Collowd goiter with marked fibrosis . 16 291
Colloid gorter with signs of possible toxic activity 1 200
Fetal glands without colloid formation 6 10.9
Fetal cell nests and nodules with some colloid formation in periphety 4 73
Chronic lymphatic thyroiditis (Hashimoto's thyroidatis) 1 18
Nermal (one prematurely advanced) 2 36

55 100

of discharging their secretion mto the lumen of the acins, in whicl
the incretion 1s stored as colloid. The collord is viscons, but it is a
fluzd that 15 in permanent exchange with the epchelial wall, which
absorbs certain agents as well as produces new material It is easxl}'
undeistood that i order to function there has to be a normal ¢pi-
thehal wall, colloid 1 a correct state of liquidity, and sufficient vas-
cularization If colloid is stored and petrified to such an extent that
the epithelial wall 1s flattened and the cells are unable to secrete, the
gland is no longer sustaimng normal function If no acim are formed
and no colloid 1s produced at all, the gland 1s then unable to carry
out its assignment. The deduction that new growth of epathelinm may
have a toxic influence upon the orgamsm is taken from observations
in Graves’ disease, in which epithehal proliferatton and papillation
dominate the picture The type of toxicity and its extent cannot be
determned by histologic means

The pathology of the thyroid in mongolisn 1s summaiized 10 table
9.
The mongoloid has a thyroid which does not function properly. If
we take all cases with resting colloid goiter and fibrotic colloid goiters
ov those with posstble toxic activity, we see that 42 of the 55 patients
fall into this group. Histologcally, the increased colloid storage 15 un-
doubtedly the most frequent finding i mongohsm and may be seen
even m babies of a few months Such completely resting colloid th?"
roids have never been described 1 infants of such a young age. It is
wrong, however, to consider the colloid accumulation as lhg only type
of pmhology present in mongolism. It 1s important 1o realize that 10
patients, ot 18.2 per cent, had fetal glands which were cphcr :mt (If'-
veloped at all or showed fetal nodules of considerable size Whether
¢his fetal tissue as such exercises any abnormal tonic influence cannot
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e determined. Myxedema cells were present in some of these glands:
ihie Yack of coltoid was conspicuous in all of them .

The presented material provides evidence that n;zpnmma.(c\y 18
per cent of the wongnloid patients, especially Lahics and infants,
are on the threshotd of hypothyroidism aud suffer Trom an nm.dc-
quate thyroid supply. In all mongoloids, thyroid fundtion is Ingi,u‘ug
even 1f 1t cannot be demonstrated by aaitable physiologic tests. The
anly gland winch was wacsoscoprcally enlarged was thay of 2 patient
with Hashamoto's thyroiditis, in which practically the entire gland
was teptaced by lymphatic tissee. Of the two “yotmal” glands, one was
that of an 8 month old baby who died of pneumonia afier having been
treated for seven months with thyroid and pituitary injections: e
other was that of a 2 day old mongoloid, The gland in the hasser ease
shoed well developed, rather large acint wlich contained thick enl-
Toid. This 15 not exactly what one way consider 3 normal thyseid and

[

. ) 1
necessary hormones, but the Tact that the thyrord shows profonmt
pathology fram the very begining indicates that the causative factors
operate from the prenatal period on Tt would be of grear mercst i
e 111 -

§esosul wuub UL URYIOKE tunction ate detenming y
Presently available, and eaclt test throws light on an \‘r:dfg A,
rameter. Some test results are reported w chapter VIIL.
Seen, some parameters 1 the thyroid function of the mongoloid pa-
Uent are normal, but the fact that some intermeduary al::?m do I::
::f\u::l a"bnon‘ml function does not permit the concineine - - ‘ t
.

dual pa.
As will be

- in the discharge
o eewuan ency upon peripheral ti (i
pomts to the fact that the ho; el inerplan wieh e oy L dence

rmonal int i i
and glands is abnormal * erplay with dhe other tissues

* For further 1nformaty
fonn’ ton, ste the comprehensive seysen b 3
%inm v\);rgls'huzo!sk) and Freedberg, New England I \Ie‘de“\ ;[ h’rhC i
Y 3950, ahier completion of ths cliagtec T WD mppeared in
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THE PITUITARY BODY

Observations on 54 cases of mongolism, in which a careful histologic
study of the prtuitary was made, indicate two patterns of alterations:

1. An underdevelopment and deficiency of chromophobic cells,
and apparently an inability to form chromophilic elements

2. A definite shift toward the accumulation of eosinophthc gran-
ules and basophilic elements in Immited areas while chromophobic
elements are inconspicuous.

Both types of alterations reveal deficiency i the secretory activity
of the anterior pitmtary lobe. The chromophobic cells are the pre-
dominant element in infancy and cluldhood, and are generally con-
sidered the precursors of the eosinophilic and basophilic cells In
many cases of mongolism, the chromophobic elements in the pitutary
are underdeveloped or in a stage of degeneration. The antertor lobe
is congested, the vascular spaces enlarged and the chromophobic cells
pyknotic.

Much more common, however, is the surprismg obscrvation that
the pituztary 1s loaded with eosmophilic cells. In the majority of tiese
cases, very few chromophobic and basophilic cells were found In
other cases, both eosinophilic and basoplulic cells were present, but
the chromophobes were inconspicuous, Stmilar observations were re-
ported by Felix Peltason in 1919. He mentions that “both forms of
chromophils seem increased in contrast to the chromophobic cells,
but especially the eosinophilic, which form whole strands and islets.
In contrast, the number of chief cells appears reduced.”* Expressed n
percentages, the cell counts indicate that eostnophils may be present
in more than 80 per cent, which mdicates a definite shift toward
eosinophulia In these cases the absence ol chromopliobes was as Tc-
markable as the alterations found 1 the basophils These showed
cither regression toward a large, stainless chromophobie cell (delt
cell, fig 51C) or were unusually heavily stained and enlarged, reveal-
ing vacuolation This type of basophil is known as a “castration cell”
(fig. 51D). Thirty cases, or 55 6 per cent of the material, showed this
type of pathologic shuft In four mstances, no outstanding alterations
could be observed. These cases showed a fairly normal distribution
of the three cell types.

The patterns ol pathology ot the piturtary in mongolism suggest a
chironic pituitary deficiency All endocrme glands show the effect of
this deficiency.

The observations in mongolism indicate that group 1. the clu‘(m}o-
phobic regression with or without delta cells, reflects the hypothyroid-

» Translation by the author, from Zur Kenntnes dis Mongolismus, page 30.
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Fit 51 —{4, top, left) Pruwitary ok 3 % month old mongolowd male {37/6) Note
< I e RPN A
\

{3120 Note Jarge chromophobes, “delfa cells” also described a3 struma cells
(Romess), thyroprival cells (hraus) Cytoplasm graysh-blue, dust ke, (D, battam
nght) Pitmtary of 20 year old mongalaid male Heavy basophils with vacuola
tion, "castration cells *
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THE PITUITARY BODY

Observations on 54 cases of mongolism, in which a careful histologic
study of the pituitary was made, indicate two patterns of alterations*

L. An underdevelopment and deficiency of chromophobic cells,
and apparently an inability to form chromophilic elements.

2. A decfinite shift toward the accumulation of eosinophilic gran-
ules and basophilic elements in limited areas while chiomophobic
elements are inconspicuous.

Both types of alterations reveal deficiency in the secretory activity
of the anterior pituitary lobe. The chromophobic cells are the pre-
dominant element in infancy and childhood, and are generally con-
stdered the precursors of the eosinophilic and basophilic cells. In
many cases of mongolism, the chromophobic elements in the pituitary
are underdeveloped or in a stage of degeneration The anterior lobe
1s congested, the vascular spaces enlarged and the chromophobic cells
pyknotic.

Much more common, however, is the surprising observation that
the pituitary is loaded with eosinopinlic cells In the majority of these
cases, very few chromophobic and basophilic cells were found In
otlier cases, both eosimnophilic and basophilic cells were piesent, but
the cliromophaobes were inconspicuous Similar observations were re-
ported by Felix Peltason in 1919. He mentions that “both forms of
chromophils seem increased i contrast to the chromopliobic cells,
but especially the eosmopinlic, which form whole strands and islefs.
In contrast, the number of chief cells appears reduced.”* Expressed in
percentages, the cell counts mndicate that eosinophils may be present
mn more than 80 per cent, which mdicates a definite shift toward
eosmophilia. In these cases the absence of chromophobes was as re-
markable as the alterations found m the basophils. These showed
exther regression toward a large, stamless chromophobic cell (delta
cell, fig. 51C) or were unusually heavily stamed and enlarged, reteal-
ing vacuolation This type of basophil 1s known as a “castration u:H_"
(fig 510) Thirty cases, or 55 6 per cent of the matenial, showed .lhlﬁ
type of pathologic shift In four instances, no outstandmg alterations
could be observed These cases showed a fairly normal distiibution
of the three cell types

The patterns of pathology of the pituitary in mongolism suggest 2
clyronic pituitary deficiency. Al endocrine glands show the effect of
this deficiency.

. T ' * group 1, the chromo

flccts the liypothyrond-

* Translation by the author, from Zur Kenmtnw des Mongolismus, page 30,
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16 51—(4, top, left) Piturtary of a 5 month old mongolord male (37/6) Note
complete eosinophulic shuft with absence of chromophobes (a) alpha cells or acido-
philes (bl) blood i enlarged spaces (B, top right) Eosinophilic shalt in 2 7 month
old female baby (37/1) (a) alpha cells or acidaphiles, (b1) blood Note absence of
chromophobes (C, botrom left) Prtwitary of a 12 year old mongoloid female
(37/10) Nate large chzomophobes, “dehta cells”™ also described as struma cells
{Romess), tiroprival cells (hraus) Cytaplasm grayish blue, dustlike (D, bottom
right) Prtustary of a 20 year old mongolord male Heasy basophuls with vacuola-
tion, “castration cells”
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Tic 52 ~Pituitary :n mongolism (Mallory-Masson stain) (d4) Horizontal section
through pituitary of 4 year, 3 month old mongoloid male (Below the hudney-
shaped anterior lobe shows large arca of whitnsh cells, mdicatine of cosmophil
Some collotd storage in the Rathke pouch Above the posteniar lobe 1s fibrotic,
with very few prtuicytes ) (B) Horzontal secuon through anteror lobe of 4 year,
7 month old female mongoloid Both Lueral fields are exclusnely eosnophihic,
The center field contams undifierentiated chromophobes
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Fio 52—(C) \nterior pinuiary cells, @ year 5 momth ofd male monzofoid
Note complete eosinophuly (€)

hypogenadal type; and group 2, the shift toward chromop‘hilla with n.r
without castration cells, 1s influenced by the t;o]lm.d stasis of.lhc thy-
rord. Although the relationship betw een colloid goiter and zlc.ldophlly
1snot 100 per cent, of 35 cases with colloid goiter, 26 sho\\‘ed increased
eosinophulia Qu the other hand, of the collouHree_ thyroid cascs, m{ly
Ishowed this shift toward eosinophilia of the pituitary, and it is quite
possible that some parts of the thyrmd contammed untecognized
amounts of cotloid

The obsenvation on the pituitary, that there 15 a shift oward
eosinoplulia, came originally as a surprise because eosinophils are
considered the producer of growth hormones, and gigantism and
acromegaly are associated with eosinophilic tumors. It therefore seems
paradowac o find 10 2 growth deficiency like mongolism a large ac-
cumulaton of eosinopluhic cells i the pitttary An analysis of the
facts reveals, howeser, that this type of chromophilic storage fits well
to information gained recently through experumentation and chini-
cal obsertations, The eosinophilic sluft 15 apparently a symptom of
thyrowd and gonadal dystunction and is assocrated with eolloid stasis
1 thyroid and pitustary. Not only has this easmophitic shift been ob-
served wn other cases of dwarfism, but it is worth noticing that the
only xz(mlrol cases that showed alterations in the Iner similar to thase
seent in mongohism also showed extreme colloid accumulation in the
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Fic 52 —Pituitary 1 mongohsm (Mallory-Masson staun) (.1) Horizontal section
through pitwitary of 4 year, 3 month old mongoloid male (Below the kadney-
shaped anterior lobe shous large area of whitssh cells, mndrcatne of cosmoplul.
Some colloid storage in the Rathke pouch Adbove the posterior lobe s fibrotie,
with very few pitutcytes ) (B) Horizontal scetron through antcrior lobe of 4 year,
7 month old female mongolowd Both latcral fields are exclusively cosinophilie
The center field contamns undiiferentrated chromophohes
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settled, bit strong suspiciont pownted to the woman's l’alh'crl (blqt)dl
group examinations!), The child was observed at a children’s msp; a
at 6 months of age, where hier appearance was considered unusual bt
not mdicatnne of mongolism. (The reproduced pholvogmph‘ of the
child definitely seem to exclude mongolism.) The child had a shight
epicanthus and a somewhat sunken nose bridge but no other mongol-
od sugmata At the age of 5, severe retardation of mental dey CIOQ:
ment was obvious The child “cannat stand ot walk, does not (RN
No totle traming had been achieved. “The dev clnpfncm is ml.l(h
stunted; she measures only 89 cms. in length and w eighs 10.5 Lllo,:
grammes” The head was microcephahe, “circumference 46 cms.
(pages 537-538) R .
Histologic studies of the testes and ovaries of patients with mon
golism are rave.
The Male Gonads

Trwenty s1x cases were available for microscopic study, with ages
ranging between 214 months and 31 years There were 9 cases w the
age group below 2 years, 5 of which may he considered within normal
range for that age group The seminiferous tubules were filled with
Sertohi cells, among which one to three spermatogenia or spermato-
gemc cells were found per tubule. In one case the interstinat tisenn

vusea wuke e with dertoln cells The interstitial tissue consisted
of more or less coarse fibrous tissue, which was in some instances
greatly increased In no case were interstitial cells found.

The second group of cases comprised 8 patients between the ages
of 4 years 5 months and 15 years 10 months. In all these instances \riw
anatomuc picture was very uniform. The testicles were very small and
undersized, measuring between 10 and 17 mm, in length and 6 to 8

mm i width, on cross section The histologic picture showed small
semimierous tubules filled with Sertol cells without spermatogenic
cells The mterstitial tssue consisted af coarse strmnde ~£ 01 =

. - v» puals aLage.

e ,,..,u,l. tho patterns ot pathology were found, No complgle
uration, however, was found in an: |

s Y wnstance In measyri

size of the testes, 1t was obvion AN

s s that 3 cases showed a |
better deel,
ment, which corresponded to abow wwotlurds of the n, e ot
e i oTmal size of q

which 15 about 5 em §
in length and 314 cm, m width,
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pituitary cleft and tubules. This stasis has also been observed in some
cases of cretinism. We are therefore entitled to conclude that cosino-
philia as such is not a sign of increased growth hormone production
but a sign of secretory stagnation. In this group of mongoloid patients,
the accumulation of storage material indicates a deficiency ol growth
action. The fact that cosinophils and basophils may be present, inde-
pendent of the other type and also without full development of the
chromophiobes, provides further evidence that each of these three cell
types adds certain agents to the general pitwtary secretion. Under
pathologic conditions, this unison of action is split. Normal function
requires a delicate coordination of all cell systems, not only within
the anterijor pituitary body but within the whole endociine miheu.

Emphasis has been placed upon the secretory pathology of the an-
terior pituitary lobe because observations indicate the 1mpoitance of
a dysfunction of this system This, however, does not mean that the
posterior labe 1s completely normal and that the nervous regulation
1s without itiportance.

THE GONADS

Anomalies in sex development of mongoloid males and females are
common. More than half of all male chuldren have only one testicle
descended or none. The scrotum and penis are often underdeveloped
or abnormal. Female infants often have anomalies (desaibed in the
clinical section) In untreated girls, menarche is often delayed and
the menstiual cycle wregular; menopause starts early, Heterosexual
interest 1s 1arely present in mongoloid boys, but masturbation may be
obseryed—especially 1f other children have imtiated the mongoloid
Loy It is not yet known whether male adults with mongolism could
fertilize, but there are a few known cases of mongoloid girls in whom
pregnancy occurred.

In 1949, Grace Sawyer reported the first confirmed case ol a mon-
goloid having given birth to a normal child. The mother, short in
stature (4 feet 7% mches), obese, having coarse rough skin, cyes slant-
ing with cpicanthal folds, IQ 25, had been delivcred of a female in-
fant, weighing 2532 grams, by Cesarean section in 1937, The child had
been tested throughout childhood and adulthood and had scored 1Q's
of over 120. She is now married and has a normal child

On the other hand, two confirmed cases have been observed in the
United States in which mongoloid girls have been impregnated by
relatives and have given birth ta a mongolord child.

R. Schiaug in 1958 1cported a case in which a typical mongoloid

woman gave birth to a child at the age of 20. Paternity was never
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Sertolt syncytium, and little or no spermatogenic tissue was present.
In some cases the basal membrane was greatly thichened. The inter-
stitial tissue consisted of more or less coarse masses of fibrous tissue
with no mterstitial cells. Al these cases showed a high degrec of tes-
ticular hypoplasia and degeneration

There are several pomts of considerable interest in the pathology of
the male gonads in mongolism. It is noteworthy that m the baby
group several cases were found within pormal range, mdicating that
some mongoloids at least have fairly normal gonadal equipment at
bisth The degeneration which is seen in the older age groups scems,
therefore, to be due to the absence of those factors which are neces-
sary to develop and stumulate gonadal function to maturity, The als
sence of spermatogenic tissue in other cases, however, confirms the ob-
servation that some of the children are so severely damaged in the
prenatal period that germmal epithelum never diffcrentiates. This
observation 1s further confirmed by the large number of mongaloid
Poys with pndescended testicles 1t 1s somewhat surprising to see that
in (.he second age group, 1n those boys who died before puberty, all
testicles showed 2 great amount of atrophy and degeneration. The in-
fectious diseases to which these chldren succumbed may possibly have
added to the picture of complete tesucular atrophy, The last group
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on cross section. Three testicles measured 3 X 1.8 cm., 2.8 X 1.6 cm.,
and 3 X 1.6 cm., respectively. In these instances some sl)cmmmgcnic
activity was noticeable. The tubules were lined by Sertoli cells, and
numerous mitotic figures were recognizable in the spermatogonia.
None of the cases, however, showed mature sperm cells. The inter-
stitial tissue contained a few interstitial cells; it was rather fine and
loose and not markedly increased, with the exception of the second
case, in which a partial fibrosis was noticeable. These 3 cases may be
grouped as “almosts ” The development, however, lagged defimtely
behmd normal maturation.

The remaining 6 cases showed again a rather uniform picture. The
small testicles measured between 20 and 23 mm. in length and 8 to 12
mm. in width. The seminiferous tubules were small and filled with a
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ric 53 —(4, top, left) Gonads 1 mongohun 3 esticubir atrophn of a 1o l\cnn.)ld
mongolord The scmunfcrous tubulcs contain onhy degenerated Sertolt cclly which
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Sertolt syncytium, and little or no spernmtogenic.timlc Was present.
In some tases the basal membrane was greatly thickened. The inter-
stitial tissue consisted of more or less coarse masses of fibrous tissue
with no interstitial cells. All these cases showed a high degrec of tes-
ticular hypoplasia and degeneration.

There are several points of considerable interest in the pathology of
the male gonads in mongolism. It is noteworthy that in the baby
group several cases were found within normal range, indicating that
some mongolords at least have fairly normal gomadal equipment at
birth The degeneration which is seen in the older age groups scems,
therefore, to he due ta the absence of these factors which are neces-
sary to develop and sumulate gonadal function to matunty, The ab-
sence of spermatogenic tissue in other cases, however, confirms the ob-
senation that some of the children are 5o severely damaged in the
prenatal period that germmnal epithelium never differentiates. This
obsenvation 1s further confirmed by the large number of mongoloid
boys with undescended testicles It is somew hat surprising to see that
m (‘he second age group, 1n those boys who died before puberty, all
testicles showed 2 great amount of atrophy and degeneration, The in-
fectious diseases to which these cnldren succumbed may possibly have
added to the picture of complete testicular atrophy. The last group

. Fio 33—(D. at bottom) Ovary of 3 19 e 1 -
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of cases offers for the first time the opportunity to study the various
patterns of gonadal deficiency in man in connection with the other
endocrine glands.

Gonadotropic hormones have been fractionated into the follicle-
stimulating hormone (FSH) and the luteinizing hormone (LH). 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 FSH is soluble over
a wide range of pH and is extracted by aqueous solvents whether basic
or acidic Ths observation probably offers the Key to the problem of
acidophulic and basophilic granules in the pituitary cells. Although
the usual dyes are not strictly actd or basic m a chemical sense, their
pH differs to some extent.

Experiments in male rats by Greep, Fevold, Hisaw, and many
others have shown that the FSH factor sumulates only tubular det el
opment, leaving the interstitial elements unaffected. The LH factor,
on the other hand, has a definite influence on the interstitial tssue,
wlule the germumal epithelium remamns unaltered Growth of the go-
nads seems to depend on the presence ol both factors If only FS”' 15
used, a shight increase in suze occurs, winle the LH [actor has little 1}1-
fluence 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 patho-
logic patterns of atrophy in man. I have called attention to the fact
that the prtuitary mn mongolisim shows two main types of pathology:
(1) a chromophobic shift without development of chromoplulic ¢le-
ments, and (2) a chromophilic shilt with absence of clnomophabic
clements, In comparing the piturtaries with the gonads, 1t 1s conspict-
ous that the patients with mability to form chromophilic elements
show definite gonadal hypoplasia and atrophy. None of the cases with
only chromophobic cells i the pituitary showed any degree of noymal
development in the gonads. Conversely, a chiromophilie shaft warants
a better gonadal development in the majority ot cases, although ll‘lt‘
presenice of clnomophilic elements may not present degeneration in
every case. A 1ather definite relationsiup between these factots 1s ob-
servable in patients after puberty, and it 15 possible to predict the con-
dition of the gonads from a study of the preuitary. Patients with in-
fantile chromophobic cells show gonadal atrophy and h)'pﬂpl-‘lfm».-’l"d
one may conclude that the chiromophobic clcmcms.of {l{c pituttary
are not able to maintain any degree 0_( gonadal activity. The best de-
velopment of the testicles was present in those paticnts in whom alpha

and beta cells were fairly numerous. Cases which showed only alpha
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i i t, at the
cells had some activity of the spermatogenic elpl'lhc:él"&:"‘lhe other
same time, increased fibrosis of the mtersul;n‘ l:lSSl cio ot oF the
hand, the presence of beta cells guarantees fair dcw (h: O e ot
interstitzal tissue, while tubular activity demands b npntions oro-
alpha cells. One may therefore conch}de that these 0 e weti ity and
vide evidence of the direct relationship between gona e e
ciromophilic cells 1t is suggested t);at lh(? alpha §e ls) ‘::x Tl
FSH Fraction, while the LH fraction is prov}df:d byt 1eb e] ,mocmm
philic,” cells Acromegaly and hyperthyraidism are Oll h x‘ e D‘rn
with an wcrease in aadophilic cells in the pituitary and a temporary
i onadal actnyity. .
mif“?:;;l;lhi‘ and creums:\ areassociated with l\ypaimu n:msu.\;:f’:lsl
chromophihic elements are absent, gonadal hyp.op.lasx:l lsbco‘nspxa.‘ i -
1t alpha cells are present, but beta cells are missing, u! ‘1‘{3}: acti c")
15 present to a certain degree. but no malur;}uon qCFllrS‘ etnfc. IS
are present but alpha cells are absent, lI.|c‘mlcrsmml tissue 13 ;m1 y
well presenned but tubular actwty is missing, Thus, a definite rela-

tionship betw een alpha and beta cells and the gonadotropic fractions
M Mo conme raatl 1 -7

ps befare
between
1;‘ obsersed.

The Female Gonads
ou B
[ R dppear someumes like round cushions or are
hypertrophue After puberty, development of secondary sex characters
ssabnormal Mongolaid guls mature late, and menstruation may not
stamt hefore 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 araet-
glands aca ~am- .
females .
alies 1in N + ot sty glands which participate
i developing sex charactenistics (ovaries, adrenals).

1t % not surprsing, therefore, that the ovaries of mongoloid pa-
tients were often found abnormal, with th

€ exception of some babye,
whose ovanies were within normal vange. This indicates, again, that
the primary dey clopment 1 not necessarily abnormat, and the pathol-
%y which 15 found 1 aldes mongaloids 1s due to lack of stimulation
and maturation, wlich 15 supparted by action from orher glands Hy.
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of cases offers for the first time the opportunity to study the various
patterns of gonadal deficiency in man in connection with the other
endocrine glands.

Gonadotropic hormones have been fractionated mto the follicle-
stimulating hormone (FSH) and the luteinizing hormone (LH). Both
factors are best extracted from the pituitary tissue by alkaline solvents.
Both fractions show definite differences i solubility, the LI fraction
being not readily soluble below a pH of 5, while FSH is soluble over
a wide range of pH and is extracted by aqueous solvents whether basic
or acidic. This observation probably offers the key to the problem of
acidophilic and basophilic granules i the pituitary cells. Although
the usual dyes are not strrctly acid or basic in a chemical sense, their
pH differs to some extent.

Experiments in male rats by Greep, Fevold, Hisaw, and many
others have shown that the FSH factor stimulates only tubular dev el
opment, leaving the interstitial elements unaffected The LH factor,
on the otlier hand, has a definite mfluence on the interstitial tissuc,
while the germinal epithelium temains unaltered. Growth of the go-
nads seems to depend on the piesence of botl factors. If only FSH is

o "' -he LH factor has little in-
) 1es are present to certain
e

These observations are of great mterest with regard to the patho-
logic patterns of atropliy 1 man I have called attention to the fact
that the prtuitary in mongolism shows two main types of pathology
(1) a chromophobic shift without development of chromophhic ele-
ments, and (2) a chromophilic shift with absence of clnomophobic
clements In comparing the pitutaries with the gonads, 1t 15 conspici
ous that the patients with mability to form cliromophilic elements
show definite gonadal hypoplasta and atrophy None of the cases with
only chromophobic cells m the piturtary showed any degtee ol not mal
development n the gonads Conversely, a chromopinlic shuft wanants
a better gonadal development i the majority of cases, although the
presence of chromophilic elements may not prevent degeneration in
every case. A rather defimte relationshinp between these factors 1 oh-
servable in paticnts after puberty, and 1t 15 possible to preduct the con
dition of the gonads from a study of the puuitary Patients with m
Fantile chromophobic cells show gonadal atroply and hypoplast. and
one may conclude that the chromophobic elements of ﬂ!c pinuitary
are not able to maintain any degree of gonadal actuity. The best de
velopment of the tcsn?les was present in those paucnts in whom alpha
and beta cells were fairly numerous. Cases which <howed only alpha
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0se enlarged follicles were eastly recqgmzahle by glle m’lll:led E?S rT“ng
wrtex was small and contained few primordial follicles. The e :lx’ 1
sllicles were lined by the interna and 2 nell preserved mem ralm‘
ranulosa The latter was lifted from the theca on some points and
loating, but not degenerated No ova were found in these (ulhc'l)es.
Che picture indicates that follicte sumulation had ta'Len place, but
he agents which bring about degeneration of the follicles must have
been missing and involution did not take place .

In the third group another phenomenon ywas conspicuous. There
wete no cysts. The whole stroma was filled with atretic corpora lutea,
1n which the lutein cells were still recognizable, although tl{ey had no
nuclei and were without lutetn While normally the atretic coipora
Tutea become connectr e tissue scars which take little space within the
stroma, i these ovaries numerous large atretic bodies which had
failed to undergo complete s olution were found

It 15 quite obvious that the two patterns of pathology seen in the
second and third groups Tepresent 1o separate types of gonadotropic
deficiency 1t1s suggested that in the second group follicle stimulation
15 present, but no lutemation takes place. In the third group no fol-
Ticle stimulation 1s seen, but the LH 15 operating and preventing com-
plete disappearance of the atretic corpora lutea

THE SUPRARENAL GLANDS
Anatomy and Postnatal Development

e

is well es-

t Addison's

« et atatuais LUILUNOOA have been the subject of

only a few 1y esugations, and the vole of the adrenals in gronth dis-

orders 5 practically unknown, It seems, therefore, worth-while to oive

fuxst a Lnef outhime of the anatomy and a short resiew of the p:ub—
tems under discussion

The adrenals consist of cortex and medulla. The cortex surrounds
the medulla as a frute does sts hernel Beneath the capsule a narrow
cortical zone 1s found, which 1s called the zona glomerulosa This layer
consists of small columnar cells closely packed 1n ovord groups or in
nests which rest upon the next zane like <aps The nuclei stain deepl
and the cytoplasm 1s rather scanty. Beneath the zona glomerulo o
found columns of epithehal cells which form the zona fasci 53[ o
This zane canstitutes the widest portion of the ste o
p‘olyhedral cells

cortex and consi;
which are larger than thase af et oo onsists of



130 THE CHILD WITH MONGOLIS

Fic 51 —The ovary m mongolism (H & E stan) (4) 5 month old female. Note
numerous larger and smaller corpora lutea and growing follicles (pI, primary, m1,
mature, r, ripe, atr, atretic, de , developing), varying 1n size up to 4 mm diameter.
Cortex filled with primary ova (B) 3 year, 11 month old female Note fauly ade-
quate cortex with primary ova The stroma 1s filled with smaller and larger cysts,
maturing ova and corpus luteum sears (g, germunal layer) (€) 2 year, 8 month old
female Note cortex with thin layer of primary ova (g, germunal layer) Huge ¢ysts
and scars tn stroma (D) 33 year old famale Note almost complete degeneration of
primary ova The fibrotic stromua s filled wath scars and cvsts of various sizes

poplasia of the avaries was present i all cases, and no mongoloid fe-
male was found witlt ovaries of normal size. The pathology falls into
three groups: (1) general hypoplasia without activity of the gernunal
epithelium; (2) hypoplasia with tendency to persistence of follicular
cysts and lack of imolution; (3) hypoplasia with little follicular ac-
tivity, but tendency to persistence of atretic corpora lutea

The hypoplastic, “resting” ovaries are small bodices with a limited
number of primoidial graafian follicles, many of them degencrated.
No mature stages are found. The fibrous stroma is increased.

The ovary of the sccond group is chaacterized by the presence nf

numerous large follicle cysts. In an ovary of a 12 year old =
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tex of other authors. The penetration taLe.s place from the mleldml m:l(:
caudal surface in groups and sml.nd.s. watil the future “\Cdﬁl. ﬂ“yc;clih.
are piled near the central vessels inside of the fetal cox:ev. ! iffer ﬁni
tion of sympathicogenic cells into chromaffin cells takes place ma \y
after birth, but the mumgrauon is closed long hefore that time. At
birth we find, therefore, three different layers, which cnclose“e:lch
other, fruithike {1y the permanent cortex, () the fetal cortex or ccnl-
1wl body,” and (3) the medulla. We shall see that penetration of med-
ullary cells through the cortex and central body is sometimes mrcstc'd,
and funnelshaped bundles of medullary cells may be found within
the cortex or even outside, Testing upon the capsule. These mnedullary
cells, which apparently came too late and found immigration closed,
may form the center of 1solated settlements around the capsule and
form accessory bodies, which are extremely nuinerous in mongolism
In other instances the cortex alone 15 separated inte smaller nodules,
which comain all types of cortical cells but no medulia,

Development of the human adrenal in postnatal life is associated
with 2 uique mvolunion of the fetal tissue. This hias attracted con-
sderable wnterest in recent yeats, but it is not yet fully understood.
The adrenals at brth are large organs with a smooth, regular surface.
Beneath the capsule a layer of cortical epithelium cells, the so-called
Ppermanent cortex, 1 present w which the zona glomerulosa and zona
fasticulata can be distinguished. Inside, toward the medulla, the per-
m‘lnfmhcbor_lex 15 lined by a mass of slightlv Invoer encinant
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The innermost layer of the cortex is formed by an anastomosing net-
work 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 con-
tain abundant pigment in their cytoplasm and have, thercfore, a
brownish green color. These cells are called chromatophores.

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

One peculiarity should be mentioned. The permanent cortex some-
times appears invaginated from the outside around the central vemn.
It is, therefore, common to find true cortex immediately around the
central vessel withun the medulla, an observation which 15 not patho-
logic, but which can easily lead to musinterpretation On the other
hand, remnants of fetal cortex are also most ltkely found in the hilus
area.

It is well known that medulla aud corte are derised from different
embryologic tissues, and that both glandular ussues have a different
function. The medulla 1s concerned with the production of adrenalin
or a precursor of that substance. The endocrine function of the cor-
tex has been discovered only in the last few decades. It is now known
that the cortex plays an impoitant role mn glycogen and salt metabo-
lism, and 1ts activity is closely related to piturtary and gonadal func-
tion. Destruction of the cortex as seen in Addison’s discase Jeads to 2
severe metabolic disorder; tumors of the cortex may have a striking
virilizing effect in females. Pituitectomy leads to atrophy of the cortex,
especially of the fasciculata and glomerulosa. Complete destruction of
the cortex is not compatible with hife.

Without going into the details of prenatal development, 1 shnglkl
like to stress that onc point must be remembered. The 1ympnl1n'c0-
which forms the medulla, immigtates from the outside

enic tissue,
H odermmal cells, the central body (Cramer) ot fetal cor-

into a pile of mes
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tex of ather authors The penetration takes place from the medial :u;;l
candal surface tn groups and strandf, until the future medullary cells
are piled near the central vessels inside of the fetal cortex. Plﬂeren. t1i1-'
ton of sympathicogenic cells into chromaffin cells takes place mainly
after busth, but the ymmagration 1s closed long before that time. At
bith we find, therefore, three different layers, which enclose each
other, frmthike: (1) the permanent cortex, (2) the fetal cortex or “cen-
tral body,” and (3) the medulla We shall see tha.t penetration of med-
ullary cells through the cortex and central body is sometimes arrested,
and funnelshaped bundles of medullary cells may be found within
the cortex o even outside, resting upon the capsule. These medullary
cells, which apparently came too late and found immigration closed,
may form the center of 1solated settlements around the capsule and
form accessory bodies, wlich are extremely numerous in mongohsm.
1n other instances the cortex alone is separated nto smaller nodules,
which contain all types of cortical cells but no medulla.

Development of the human adrenal in postnatal life 1s associated
with 2 umque 1molution of the fetal tissue. This has attracted con-
siderable 1nterest in recent years, but it is not yet fully understood
The adrenals at birth are large organs with a smooth, regular surface.
Beneath the capsule a layer of cortical epithelium cells, the so-called
[‘lermm‘mnt cortex, is present in which the zona elomerutaca and 7003

per-

R

wp wsesd pract JISUGL & wav thar ar tha b -

In1927, M F Lucas Keene and E. E Hewer wrote
The passihta © -~ -
E" Ane

» great and very ob.
e e UL I EUZRUOR of therr physiologacal sigmfience
heeneand He i

wer pornt out that during the firse v il
A ety er s 5t year of life, the whole

N3 1o the rapid disappearanc,
 of the fetal
cells af which firse become swollen and then Taea - fortex, the
Later vamtams s N
1

T BULOUS Lssie 15 2 marked feature



132 THE CHILD WITH MONGOLISM

The innermost layer of the cortex is formed by an anastomosing net-
work 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 con-
tain abundant pigment in their cytoplasm and have, thercfore, a
brownish green color. These cells are called chromatophores

The center of the adrenals is formed by a glandular core called the
medulla, The cells of the medulla are not found throughout the whole
space between the cortical envelope. In the periphery of the mcth}l-
lary core the cortical layers are separated by strands of connective tis-
sue which contam rather large blood vesscls. In the center the me-
dulla has its greatest width and separates the cortical layers for a
distance of several millimeters. Iy this “hilus,” the medulla 1s cont-
posed of rounded groups or short cords of “*basophilic” cells, which
surround the large blood vessels and sinusoidal venules. These are the
true medullary cells, dertvatives of the ectoderm. If the cells are fived
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 cottex some:
times appears invaginated from the outside around the central vein.
It 15, therefore, common to find true cortex immediately around the
central vessel within the medulla, an observation which is not patho-
logic, but which can easily lead to musmterpretation, On the other
hand, remnants of fetal cortex are also most likely found in the hilus
area,

It is well known that medulla and cortex are derved from different
embryologic tissues, and that both glandular tissues have a different
function The medulla 1s concerned with the production of adrenalin
or a precursor of that substance The endocrme function of the cor-
tex has been discovered only 1n the last few decades. It 1s now Anown
that the cortex plays an rmportant role m glycogen and salt metabo-
lism, and its activity is closely related to pritwitary and gonadal func-
tion. Destruction of the cortea as seen m Addrson’s disease Ieads to 2
severe metabolic disorder; tumors of the cortes may have a strikmg
virilizing effect in females Piturtectomy leads to atrophy of the cortes.
especially of the fasciculata and glomerulosa Complete destruction of
the cortex is not compatible with hile

Without going into the details of prenatal development, 1 sllo'uld
like to stress that one point must be remembered. The sympathico-
e, which forms the medulla, immigrates from the outsule
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band of connective tissue whicl encapsulates the mm}lu];n n; ;2:[::51'
of the first year remains “as a vestige of the stroma oi; (;esaem co Tl;e
During the second year the band is obhiterated and ds pxﬂ  eams
permanent coTtex INCTEAses 1n size, while the fetal cortex disa ppt z;kes’
and 10is now generally held that gmwlh‘of tht:ipt:rm;memf cor!ll:.\‘ o
place from the glomerulosa. The vertical alignment ol Se e
represent the zona fasciculata appears dunng.the second p ‘l
week, and the zona reticularis appears 1 the t\m.d postnatal month.

Ttis hefd that the morphological types found in l_l:\e adrenal co;lex
are dufferent stages in the hfe history of the‘s:lme cells” (Zwemeran clo-
workers). According to this view, which is now widely accepted, the
cortical cells proliferate from the glomerulosa beneath the capsule,
form the fasciculata, and finally the reticularis, in which the greatest
amount of cell degeneration can be found. i

1€ one summarizes the results of various studies made on animals
and on the human adrenal, one may conclude- (1) that the fetal cortex
disappears enurely after birth without leaving any trace, except under
prthologic conditions, as a possible source of tumors (Grollman); {2)
that the medulla 15 formed from neurogenic ussue entirely independ-
ent of the permanent cortex and the fetal cortex; and (3) that the per-
manent cortex is formed from mesothelum, independent of the fetal
cortex The permanent cortex grows from the outside toward the
wedulla, increasing rapidly after birth and contimung to grow up 1o
an age of 17 to 20 years The permanent cortex s the mawm and only
source of the adrenocortical hormones

This view seems fairly satisfactory and compatible with a number
of observanons made 1n cluldren and 1n various animal species It
leaves, however, a £ap w our knowledge, which is importam enough
to be emphasized, because a number of observations are not com-

patible with the view reported above. It may be mentioned that
Cramer deyeloped a shightly different opimon about the disappear-
ance of the fetal cortex, or the “central body,” as hie termed 1t. In his
optnion masses of connective tissue graw rangenual direction
through the boundary zone, separating the tissue inside of the con-
nectne tissue from that on the outside. The cells between the con-
fectne tissue strands and the permanent. cortex. form a patt of the
veticulans, which would, therefore, be a different ussue from the
other two layers of the permanent cortex Most of the cells of the cen.
tral Yody inside the boundary zone o

nndoe~ 1
Cominlag
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but it can no longer be discerned at three years of age. Although the
border between permanent cortex and medulla is dstinct, 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 glo-
merulosa 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 posumtally, :m(! l.h(‘
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, wl}erms
the cells of the true cortex are small basophul cells which never grve an
eosinophulic reaction. The study emphasizes the rmportance of the
“central body” and its possible significance for pathology, but the au-
thors do not offer any definite solution.

Keene and Hewer's view is confirmed by Unto U. Uotila, who has
collected ample evidence that the permanent cortex 1s formed not
from the fetal cortex, but from entirely new mesothelial elements pro-
Iiferating from the celomic wall The permanent cortex differentiates
gradually on the free surface of the fetal cortex and beneath the cap-
sule. The later fate of the fetal cortex is thought to be complete de-
generation, which starts during the last 10 weeks of mtrauterine hfe
and is completed by the end of the first year. Notlung is known con-
certung the function of the fetal cortex. It is formed before the per
manent cortex and forms the bulk of the fetal adrenal. It persists as2
well developed organ throughout mtrautermne life, but it degenerates
soon after birth. This suggests, according to Uotila, “that it serves
some mmportant function in the physiology of the embryo and fets
and is not a mere phylogenctic relic. The fetal cortex would scem to
belong to that group of pre-natal stiuctures which Streeter would re-
gard as ‘temporary devices,” with which some particular needs are
met.”

Detatls of the process of postnatal degeneration of the fetal cortex
have recently been provided by Benner and Swinyard, The degencera-
tion is in full swing at the end of the first postnatal week and is com-
pleted six to nine months after birth These authors hold the view
that the connective tissiie fibers do not separmate the Imund:lr.y rone
from the permanent cortex, but are !hc.nriginn[ stroma which '1)0-
comes “increasingly evident™ as the cells disappear. They do not think

that there is new formation of connective tissue, and the compact
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workers). According to this view, which 1s now widely accepted, tllle
cortical cells proliferate from the glomerulosa })enea}h the capsule,
form the fasciculata, and finally the reticulars, in which the greatest
amount of cell degeneration can be found i

1f one summanzes the Tesults of vanous studies made on animals
20d on the human adrenal, one may conclude: (1) that the fetal cortex
disappears entirely after barth withont leaving any trace, except undf)r
pathologic conditrons, as a possible source of tumors (GrollAman); @)
that the medulla 15 formed from neurogenic tissue enuirely independ-
enc of the permanent cortex and the fetal cortex; and (3) that the per-
manent cortex 15 formed from mesothehium, mdependent of the fetal
cortes The permanent cortex grows from the outside toward the
medulla, ncreasing rapidly after birth and continuing to grow up to
anage of 17 to 20 years The permanent cortex 1s the main and only
source of the adrenocortical hormones

Thas view seems faurly satisfactory and compatible with a number
of observations made m children and in vanous animal species It
leaves, however, a gap 1n our knowledge, which 1s imporrant enough
10 be emphasized, because 2 number of observations are not com.
patible with the view reported abosve. It may be mentioned that
Cramer desveloped a shghtly different opnion about the disappear-
ance of the letal cortex, or the “central body,” as he termed 1t. In his
opunion masses of connective tissue grow n tangential direction
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the cential body undergo division and participate in the dexelopment
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 adrenalm is formed fiom 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, in which neurogenic
and glandular tissues have united to form one endocrine system.
Cramer reports a cretin in whom the formation of the medulla was
inhibited, although the connective tissue reaction had commenced.
Absence of the central body in hemicephaly has been 1eported by
Elliott and Armour.

Although Cramer’s view has not been accepted generally, there are
some facts which are unexplainable by the theory that the reticulais
is a part of the permanent cortex and develops from the outside Iayers
Several mvestigators have associated the presence of the “adienogeni-
tal syndiome” with a proliferation of the reticulavis, which is con-
sidered by some as “androgenic tissuc ” Grollman especially has en-
phasized that this androgenic tissue is the source of vitilizing influence
mn girls and may be the cause of abnormal sex differentiation in males
and females. The discovery of a special zone, the justamedullary zone
or x-zonte, in certain animals, and its relation to sex development sup-
ports the view that the tissue between permanent cotex and medulla
should be constdered as a separate tissue with paiticular functions

The Adrenals in Mongolisin

The observations made on 44 cases of mongoltsm are not only of
inteiest with regard to the pathology of this concition, but at the
same time throw some hght on the problems discussed above The
matenal can be divided into findings i mlants and in chldien and
adults

In connast to the observations of Hirnmg and Farher m 1931
that the adrenal cortex showed a fanly normal appeatance—a disorder
of adrenal development was found m a high percentage of cises. In
some, the fetal cortex was not v oluted or, at least. considerable rem-
nants were found several months after bitd: A second symptom was
delayed involution, and remmants weie seen throughout the first year

In the second group, that of ciuldien above 1 yeans and adults,
gy Was consistent and §K.IILHI;.: m all cases
ent cortex remained at a level present after brth, and
The fasciculata was

patholo,

The perman
very hietle postnatal arouth could be nouced.
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imolutian (€) 3 month old male Notc high degree of nodulation (N) Permanent
cortex () thin Involutian (I) incomplete Medullary tissue (M) somewhat hyper-

Wope {3 33 vear old mate Note Mpopiasut drgeneraed permanem tonet
{0 hypertropluc medulla (M) and renculans (1)

narrow, the lipod was sparse, and the cells and their arrangement
were of nfantile patterns In addiuon, considerable degeneration was
present am 2 large number of cases In one case the cortex was de-
stroyed, but no symptoms of Addison’s disease had been observed,
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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,
atany rate, part of the medulla, and that the final meculla as a source
of adrenalin is formed from the two tissues, the neurogenic and the
fetal central body. According to Cramer, the medulia would reveal an
arrangement similar to that seen in the pituitary, in which neurogenic
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Cramer reports a cretin in whom the formation of the medulla was
inhibited, although the conpective tissue reaction had commenced.
Absence of the central body in hemicephaly has been 1cported by
Elliott and Armour,

Although Cramer's view lias not heen accepted generally, there are
some facts which are unexplamable by the theory that the eticularis
is a part of the permanent cortex and develops from the outside Jayers.
Several investigators have associated the presence of the “adrenogent-
tal syndrome” with a proliferatton of the reucularis, winch is con-
sidered by some as “androgenuc tissue * Grollman especially has em-
phasized that tius androgenic tissue is the source of virilizing influence
in girls and may be the cause of abnormal sex differentiation in males
and females The discovery of a specal zone, the juxtamedullary zone
or x-zone, in certatn ammals, and its relatton to sex development sip-
ports the view that the tissue between permanent cortex and medulla
should be considered as a separate tissue with particufar functions.

The Adrenals in Mongolism

The observauons made on 44 cases of mongolism are not only of
interest with regaid to the pathology of this condution, but at the
same time throw some light on the problems discussed above. “The
material can be divided wito findings i infants and m childien and
adults

In contiast to the observations of Hinng and Parber m 1931-
tliat the adrenal cortes showed a farrly notmal appeaiance—a disorder
of adrenal development was found an a high percentage of cases. 1n
some, the fetal cortex was not imoluted or, at least, comsiderable tem-
nants were found several months aleer buth A second symptom was
delayed involution, and remnants wetc scen thioughout the first year.

In the sccond group, that of dnldren above 1 years and adults,
pathology was consistent and il.llLln,'_' i all cases, .

The permanent coiex remained at a level present alter birth, and
very Iittle pnsumm! gonth could be noticed The fasciculata was
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Fi¢. 55—The adrenal in mongolssm (H & T stam) (4) 4 year, 8 month old male
{8 1¢ins) Note thun permanent cortex () The medulla still consists of the per-
setcnt [ctal cortex {f) without signs of tvolution (B) 4 month old male Note
et amount of nodulation (N) of permanent cortex (¢) Permanent cortex thin
Persstent imalution (1) with some medultary tayers (M) within the zone of
molution (C) 5 month old male Note high degree of nodulation (N) Permanent
€1 () thin Insolution (I plete N llary tisue (M) hat hyper-
wophic {11 33 year old male Note hypoplastic degenerated permanent cortes.
{) Mpcetrophie medulla (M), and reuculans (1)

marraw, the lipowd was sparse, and the cells and their arrangement
were of infannle patterns In addition, considerable degeneration was
PISINL 1n a large number of cases In one case the cortex was de-
stroyed, but no symproms of Addison's disease had been observed
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Tie 56 ~The adrenal in mongolism (H & L stam) () 10 month old male Note
unusual size of corten (¢) und espeaially persistent fetal cortes (1) 1here are no
signs of imvolution (x, reticularssy (1) Same case, higher magmficauon {quadsant
ol A) Note thin permanent cortex (t) and hypertrophy of Hll’:ll'.ln\ {r) as remn ot
ol Ietal cortex (€) 9 month old female Not¢ abnormal nodulaton (N), thin s
manent cortex (¢}, large area of imolution (1) (D) Same case, lugher magnifiea
tion, Note the meshy area of involuuon (Iy wathont organization of parendivma
inside permanent cortes (¢)

The medulla varied greatly i size True medullay cells were
sparse in many cases, but a few showed hypertrophy A consuderable
amount of fibrosis was present with the hypertrophy “The observa-
tions on the adrenal medulla pernmt the conclusion that medullary
function 1s nadequate on account of msuflicient development of the

clnomaffin cells
The most startling obsenations were made with regard to the
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“boundary zone,” or Juxlamedullary z0ne. \Vhﬂc{ the [fxen.r:.ar;::: :c:‘\;i
tex was hypoplastic and narrow, the zone between fasciow ta and
medulla was broad and outstanding The width of this 'LQT(;Q \\:\;l iy .
quently equat 1o that of the cf)mbmefl two outer layers The ce [s (‘)) ‘
the boundary zone stawned bright eosinophilic in the majority ot o
senations There was a strong fibrous stroma, \nl}\ l‘mnds of"connec-
tive tissue, which encapsulated the medutla This “capsule” should
normally disappear in the second year. . .

It 15 worthy of note that increased lobulatnon ( adenoma\'z: Y isa
common observaton. The significance of such “adenomata™ is stall
disputed 1t may, however, be mentioned that 1f the adrenals of mon-
goloid infants and children are compared with those o.f patients with
cerebral palsy or other forms of mental defictency, the increased lobu-
lation in mongolism is conspicuous.

Another observation desers es mention, and that is the hypertrophy
of the reticularis and the presence of large amounts of eosinophihe
<ells in the medulla

Whether these observations are indicative of abnormal mnvolution
or of a constant stress situation which 1s due to the congenital heart
defect and other constitutional anomalies cannot yet be decided.

THE LIVER

The liver of the mongoloid fras not been described by other investi-
gators. Brousseau did not mention any liver pathology m us mone-
graph on mongohism (1928).

The Inver was studied 1n 52 cases, and 43 of the observations are e
ported 1n table 10 Four features are found with some regularnty
fanyvacuolization, fibrosis, degeneration of the parenchyma and con-
gestion Thie enumeration of the causes of death adds Further evidence
lf[m the fatty changes 1n the liver ate not correlated with chronic in-

ections

Fatty Vacuolhuzation

T'f“ descriptive term is used Tather than the term “fatty infiltra-
llmu ar “fauy degeneration” because 1t has, at the present time, not
]mn demonstrated whether the fatin the livers 15 “storage fat or’ not

t T the 3
n many tases ll'lere Is no indication that the cells that carry the fat
il‘.l’t othervise 1;|Jured On the other hand, the cells often show abvious
iencrnon, but netther of these find i

ings is conclusive f

e 35 proof of the
mdxhr::xl?(c::cd:?;‘:r?p\e\s.l al;‘d only physiologic and histochemical

7 mmtely settle the point, Therefor
X tely setd . e, the noj i

term “fatty vacuolization” 1 used. In 12 mongolords f; ™0 das
) Tom 9 days to
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Fi16. 56 =T he adrenal m mongolsm (H & L stam) (1) 10 month old male Notc
unusual size of corten () and espeaally persistent fetal cortex (f) There are no
signs of i oluion (1, retiwlans) (B) Same case, ngher magmification (quutrant
of ) Note thun permanent cortes (¢) and Iy pertrophy of retrcutans (r) as remn mt
of fetal cortex (€) @ month old female Note abmnormal nodulaeon (N). tun per
manent cortex (¢}, large arca of mmoluuon (1) (D) Same case, gher magmifica
uon Note the meshy arca of involution (1) without organtzauon of prondinm

inside pamanent corten (¢)

The medulla varied greatly m size True medullary cefls were
sparse in many cases. but a few showed hypertrophy. .\ consuderable
amount of fibrosis was present with the hypertrophy The obwerva
tions on the adrenal medulla permat the conclusion that medullary
function is iadequate on account ol nsuficaent development of the

chromaffin cells
The most startling obsenations were made with regad o the
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The tmal stages of fatty vacuohza(_mn sometimes show "AI(‘i‘x‘sem:z:i
ion along the central vems, but this is not at all a genera s
u}:mfa ‘actually more often and to greater extent found around the
;::n:\l::se\‘; TZvo cases were seen in which the fat was accumu.la(ed

e 1 vessels, leaving only the inter-

along the central as well as the porta 3 o st
mediary zones of the lobules relatively free from fat n“1 os ade
sanced stages (4 of 31, or about 13 per cent), all hiver cel slconn <
atteast one big droplet of fat which filled almost the whole cel aﬁ
compressed the nucleus. These hivers actually sxmf\late fat tissue (| gé
57B). The fat droplets reach the size of 50 y, yet in all tlle§e4casles of
most severe fatty vacuolization 1t 15 possible to trace the original pat-
tern of the lobule, the liver cords being only shghtly and mechanically
dusplaced Furthermore, there 15 a considerable amount of cytoplasm
in the spaces between the droplets which appears essentially normal.

Macroscopically, the lnvers are rarely of the extreme fatty ype
even when b0 per cent and more of the cells are seen microscopically
to contain large fat droplets O sections, only ane livex was found to
beactually oozing fat, and this liver was also the only one that ﬂoath
on water (case 148). The great majority of the livers show a yel]ow:s.h
tinge In those cases in which the fat 15 diagnosed at autopsy, one is
surprised at microscopic examination to see the great amount which
1s actually present in the cells

Fibrosis

Fibrasts 1s not as constant a finding a5 15 the fatty deposit. It oceurs,
however, m more than 50 per cent of the older age group Typically,
1t does not present the picture of a hyer cirrhosts True nodular cir-
thos:s was not found at all i the 43 cases of this study The great ma-
Jority of thase cases which show a conspicuous increase in fibrous ns-
sue have a pronounced periportal proliferation and also a thickened
capsule, but the mtertrabecular spaces show Iittle or no increase in
connecine ussue The liver cords, therefore, are not compressed or
replaced Macmscnplcally. there are sometimas «- - - - -

R

. - 15 Lot diagnosed at autopsy.
Lase 125 and case 65 show fully developed hwer crrrhosis, but
even here the great amount of fil

u]nn of nodules. In the foreground is a severe necrosis of the paren-
chma with no signs of regeneratne foci. Case 65 clearly shows a
clt'r)l_m}:_clmble amount of fatty vacuoles, but none were found in case

23 This cas ' i
ase 15 that of the only Negro mongoloid in the series The
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Fic 537 —~( I, top left) Liner congestion 1w a 21, month old mongolowd haby (G-
181) Liver shows a fugl degree of congestion with severe compresion of the ver
cords T'at1s rare, but a few fats vacuoles are sisble in the picture H R F stamm,
magmificattan 270 ames (B, bettom left) Fatty sacuolation i the ner of a 16 yoa5
old moungolow! girl (11/118) Ihe (vtoplism » muxl} (ompn:s\ul by ‘:hc Iug‘l‘.u
o
nen i a 16 year old mongoloxd (10,5%) Longestion (bIACk 10 proutey s St
around the Tobular centers, fat 15 accumulated near the portal vesels Mason
stain, magnification 180 umes
1 year 10 months old, an abnormal amount of fa¢ (++) occurred in 2
cases, or about 17 per cent. Of 31 cases above 2 years 4 months old, 25
(about 80 per cent) carried .'l.dcﬁnif(‘l)' n}:nnmm! amount of far {4+
10 4-44-+). Qther mtlmloglc chamcteristics are prolml»ly ‘wrn!uh.ry
to the fatty changes, excepn for the cases of severe congestinn in in-

fancy.
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whles hase been 1dennfied as ewiral fat by speciic fat stams (Sudan V) In one
recent case (that of a 38 vear old male) all liver cell cytoplasm was replaced by

large fat droplets At the same tme, the 38 year old male showed extensive semle
Phques in the braun

many cases, by 2 defimite but linsted periportal fibrosis. A comparison
with a group of 50 fechle-minded, nonmongoloid patients of the
e age gronp showed that fatty infileration of the liver occurred hali
as frequently as 1 mongoloids, and again the incidence was about
the same sn nontuberculous and 1n tuberculous patents, Tuberculois,

therefore, can only play an unstaporsant role in the etiology of the
fany Invers,



142 THE CHILD WITH MONGOLIS\M

liver is atypical of mongolism. (Further doubt is thrown on the diag-
nosis through the fact that the thyroid and pituitary glands were also
not typical. The diagnosis was based on the presence of wauny external
stigmata, such as the formation of the skull, hypotonia and radimen-
tary epicanthal folds.)

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

Congestion

Two-thurds of the cases below 2 years of age showed congestion, and
m a few below 1 year of age this feature dominated the whole picture
(fig. 58). In the extreme cases (94, 181, 15) there was not only a
uniform engorgement of all the sinusoids, but theie were hemor-
rhagic necroses around the central verns The trabeculac were thinned
and compressed and the liver appeared severely injured, as a whole.
This ngh degree of congestion was rarely found m the older cases Tt
is hardly remarkable that about 45 per cent of these shounid show con-
gestion of varymg degrees, as the terminal discases and the circnlatory
failure at death nmght easily produce this picture In almost all the
cases, the congestion 15 confined to those areas which do not show ex-
treme fatty vacuolizanon However, the opposite distribution was
observed in two cases.

Degeneration

It appears of some significance that severe cell degeneranon is so
rarely found in mongoloid hvers. Necrotic 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 Inevs show tuberculosis
and signs of terminal infections. Severe generalized degeneration and
necrosis were found in only four hvers, two of winch were tubereular,

Asasupplement to the account given above, it is interesting to men-
tion the case of a 17 year old mongoloid boy (case 90) who was clin-
ically regarded as a borderline case. e was of normal body length,
159 cm. 1lis brain weight was the only normal one in the whole se-
ries. His gonads were developed better than wsual v a mnug(}luul.
His liver turned out to be the only completely normal one seen in 31
livers of mongoloids of over 2 years of age. .

The liver of the mongoloid of 2 years or older is a fairly \\.(‘ll de-
fined pathologic entity, with its large amounts of fat accompanied, in
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Liver of 5 month mongoloid female Note severe fatty mfileration (D) Liver of 33
year old mongolasd female Note very scucre fatty degeneration of Iner cells, the
large vacuoluzation m practically every cell, with loss of liver cytoplasm The vac-
uoles have been sdenufied as neatral fat by speafic fat stamns (Sudan 1V) In one
Fecent case (that of a 88 year old male) all Iiver cell cytoplasm was replaced by
Yarge Tt droplets At the same time, the 38 year old male showed extensive senile
phaues 10 the bran

many cases, by a defintte but limited periportal fibrosts A companson
with a group of 50 feeble-mmded, nonmongoloid patients of the
same age gronp showed that fatty ainfiltration of the hiver occurred half
as frequently as 1n mongoloids, and again the incidence was ahout
the same in nontuberculous and 0 tuberculous patients. Tyberculois,
thevefure, can only play an unimportant role in the etrology af the
fany Iners
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One of the outstanding factors in the pathology of the fiver of mon-
goloids is the complete change in the picture at the age of 114 to 2
years. Figure 59 adds significance to this observation by comparmg
the ponderal index of the mongoloid with that of the normal. The
ponderal index~that is, the relative weight—is below normal up te the
age of about 114 years. It is very nearly normal from 114 10 3 years,
and from then on for the rest of the mongoloid’s life it remains ata
high level above normal. It is hardly a coincidence that the Iner fat
begins to appear with great regulmity at the same time when the mon-
goloid becomes generally obese. The 1eason for this obesity is, in all
probability, the deficiency n thyroid and pituitary secretions. The
endocrinologic section of this book presents ample confirmation of
this view.

The mongoloid baby is usually underwcight and its endocrine
balance is obviously different, the difference being reflected in the

4 1 2 34 567829 10 11 12 13 14 15 16 17 18 19 20

BIRTH AGE IN YEARS

T'ic. 59 ~Ponderal index (weight divadee by 100 tmies the cube of bexdy lengsth)
The unbraken line represents the normil valucs dogned for atsem of the
United States (Fngelbach, 1932) The croses represent salues found m mongo
Toid patients, The numbers indicate the number of Cises of which the value rep
resents an average Crosses wathout numbcrs represcnt mdnidutl encs The pic
e idicates clearly that s the first tho vearsof Iife the pondcral indes of mon
golord batnes s far Lelow normal while alter twe vears al values are far alnne
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f xtraordinary

Iner. Many of the hiers at this age are no\:;\atl(,) l::[;r(‘l ?[ s typical
amouat of congestion is found often enaugh o gmalilies e e
feature It has been demonstrated that the a nl())li“u about many of
uencies of the adrenals in the mongoloid mfant bri :];o o
the characteristic fe:m;res1 m its ‘(le\'f:‘ltzgn;tftnl;;f; l"::isxena\s how great
(Conwin) that dogs which are depriv 2 e e
&fﬁscular )cungestm{l’l and hemlorrh;\ges a(ml;::c l‘;‘]‘:( :C:r:filllll; e];r;:s:gilily
Iners It appears justified, therefore, to ] €
that the p:l‘:llzologw,3 of the liver of the mongolmd 1rfagltels[}]c::Taelllﬂtle‘<i
with 2 suprarenal insufficiency The fact is remarkal ok all e
severely congested Livers below 2 years of ag: were \;l’y‘re e
weight. About one-third of the livers below 2 years of ag
to be normal. :

The werghts of the livers are shown in table 10 ()va34 cases, Z(L;\“c‘:i
underweight, 8 within normal range and 6 overw e.xgl\( (sile nd ot
values of Coppoletta and Wolbach, 1933). When it is cofls\: ere e;,
monzolods are also below normal in height, the low values app

less remarkable A few livers, as in cases 94, 181, 139, 58. et cetera are

1y avvul 42 per cent of the normal 1attle evnlanation

0 a decreased
a The material
[

PP

B R
SHLIVLS. LI The hrer ol

° s wous, anu cottical ansufficiency
uctreases the storage. There are

Teasons to suppose that such an in-
sufficiency may play a dysect PaTtin the deficient glycogen storage of
the Iner in mongolism

HEART AND VASCULAR SYSTEM
\nomalies of the heart 3
folism More 1han 60

patients reveal a heart murmur
and evidence of septum defect. Although in the remain;
septum defect or pateny foramen ovale can be dermmn
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One of the outstanding factors in the pathology of the liver of mon-
goloids is the complete change in the picture at the age of 11¢ to 2
years. Figure 59 adds significance to this observation by comparing
the ponderal index of the mongoloid with that of the novmal. The
ponderal index—that is, the relative weight—is below normal upto the
age of about 114 years It is very nearly normal from 14 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 coincidence that the liver fat
begins to appear with great regularity at the same tune when the mon
goloid becomes generally obese. The 1eason for this obesity is, in all
probability, the deficiency in thyroid and pituitary secietions. The
endocrinologic section of this hook presents ample confirmation of
this view,

The mongolord baby is usually underweight and its endocrine
balance is obviously different, the difference being 1eflected in the

g + 2 345 647;8 9 10 1 1213 14 15 16 17 18 19 20
BIRTH AGE IN YEARS

TI'ie 39 —Ponderal index (nerght diaded by 100 times the cube of body fength)
The unbroken Ime represents the normal valies desrgned for auzens of the
Unsted States (Engelbach, 1982)  The croves represant values found i mopgy
tients The numbcrs siicicate the number of cases ol whueh the salue sep
s without sumbers ropresent imdisidul ety The pic
the ponderal imdes ol won

loid pa
resents an aserage. Cross
ture mdicates clearly that 1 the finst two sears of hife :
goloid babies 1s far betow normal while atter two vears all values aze fir above
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lner Many of the hvers at this age are normal, but an c:xtraordm.ar)i
amount of congestion 1s found often enough to regard it as a fyplca
feature It has been demonstrated that the abnormalities and defi-
cienctes of the adrenals in the mongoloid mfant bring about many of
the charactensstic features 1n 1ts development It has also been shown
(Conw1n) that dogs which are deprived of their adrenals show great
sascular cangestion and hemorrhages around the central veins m.t!\e
liwers It appears justified, therefore, to speculate on the possibility
that the pathology of the hiver of the mongoloid infant 15 correlated
with a suprarenal msufficiency. The fact is remarkable that all the
severely congested hivers below 2 years of age were very much under-
weight About one-third of the Iivers below 2 years of age were found
10 be normal,

The weights of the livess are shown i table 10. Of 34 cases, 20 were

underweight, 8 within normal range and 6 overweight (see normal
Aaline Af P alasas = 1T87 3% 1 mna can 3 A

sery much underweight. In case 139, for instance, there was very fauy
lner without signs of degeneration of the Iiver cells, and yet the weight
of the lner 1s only about 75 per cent of the normal Little explanation
@n be found for this, but the suggestion 15 made that the small livers
are part of the picture of splanchnomicria described elsewhere

The liver function of the wongoloid child is not greatly impaired
chnically However, there is a definitely mcreased glucose tolerance,
and the wsulin tolerance curves indicate a tendency 1o a decreased
abiluty to rse the blood sugar lev el (Bixby and Benda). The material
fined for glycogen preservation, although not conclusive at present,
tends to confirm the view that the mongoloid liver 1s deficient 1n gly-
cozen Seseral possibilinses which together or singly may bring about
tlis deficrency suggest themselves. In the first place, while f;lty de-
‘::;‘:i‘}‘;‘;:‘ preclude e storage of glycogen, extreme fat accumula-
ems'tlhlc ‘5“’ suppress it markedly Second, the adrenal cortex gov-
decreases ﬁ Yeogen storage in the liver, and cortical insufficiency
suffciency ::‘“‘?‘AC T!\ere are reasons to suppose that such an in-
the lner i m’nfll)g:}isar:‘rea partin the deficient glycogen storage of

. HEART AND VASCULAR SYSTEM

gnh:‘x:m\ﬂ[‘(‘,? (:; lhc(}(n]carl and vascular tree are most common in mon
~ore tha i1 .

and evadenn of ;lt Y0 per cent of our patients reveal a he:

Ptum defect. Althoug)

art murmuye
septum defect or natens oo ..

h in th ini
' the remaining cases no
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One of the outstanding factors in the patholagy of the liver of mon-
goloids is the complete change in the picture at the age of 134 102
years. Figure 59 adds significance to this obseivation by comparing
the ponderal index of the mongoloid with that of the notmal. The
ponderal index—that is, the 1elative weight—is below normal up to the
age of about 1% years. It is very nealy normal from 114 to J years,
aud from then on for the rest of the mongoloid’s life it remains ata
high level above normal. It is hardly a coincidence that the liver fat
begins to appear with great regularity at the same time when the mon-
goloid becomes generally obese. The reason for this obesity is, in all
probability, the deficiency in thyroid and pituitary secretions. The
endocrinologic section of this book presents ample confirmation of
this view.

The mongoloid baby is usually underweight and its endocrine
balance is obviously different, the difference being reflected in the

4I23455789IOII]ZIJ[415IS|7l8'920
BIRTH AGE IN YEARS

Erc. 50.—Ponderal index (werght divaded In 100 tnes the cube of by length)
The unbroken Iine represants the normal values desgned for cureny of the
Umted States (Engelbach, 1932). The croses reprosent values found 0 wmonge
1s. The numbers indicate the munber of cases of which the value ep
resents an average. Crosses without numbers represent andnadul cases The px
sure indicates cleatly that in the fint tho vears of kife the ponderal indes of mon
goloid babies is far below normal » firde after two years all values are far abanve

loid patien
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alies of the heart and underdevelopment of the vascular tree are
regular features.

It has been pointed out in chapter IT that the heart frequently
shows congenital defects. Their number is so great that the heart is
found abnormal in 75 per cent of the infants who die in the first two
years of life. In those who survive, a large percentage shows congenital
heart malformations. The intra-auricular septum shows an open fora-
men ovale in the majority of cases. If the defect is restricted to a
small hole wihich admits the passage of 2 probe only, it 15 of no clinical
significance. The presence of a real defect in the septum, however, is
not rare. Such a defect may be even more conspicuous in the intra-
ventricular septum, in which some openings measuted as much as 1
inch in diameter. Abnormalities of the arteries, Fallot’s tetralogy,
patent ductus Botalli and dextrocardia may be found. Little atten-
tion has been paid to the anomalies of the cusps of the mitraland tri-
cusprd valves. The cusps are uneven, short, and the edges nodular,
Fetal endocarditis scems suggested, but there is little evidence other-
wise, and 1t 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 is hypoplastic. All arteries remain nar-
row, thin, and the vascular tree shows fewer branches than occur in
normal controls, This 1s conspicuous in the brain. The capillaries ap-
pear congested and enlarged. Hemangiomata m the kidneys, lver and
other organs are not rare Two childien had periaiteritis nodosa; one
died with the symptoms of intestinal intussusception with gc:)erﬂl}lul
penarteritis The other child had peniarteritss in the testes and in a
few other organs In mongoloids beyond 25 years of age, atheromatosis
of the arteries 15 common.

LUNGS

It is difficult to say whether or not the lungs 1n mongolism show
certain peculiaritics which are characteristic of this condition. 'Rn-
diologists who have to deal with mongoloid patients consider a diag-
nosis particularly difficult. It is certain that the respiratory nucosa 1s
extremely vulnerable and susceptible to infections. In previous dec-
ades, mongoloid children showed a great susceptibility to tubeicu
losis: but with modern preventive measures, tuberculosts in mongol-
oid children and adults has hecome rare in our nmcrinl..lllm\cwr,
pneumonias are not rare and pnetmonitis as a chronic condition often

develops.
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THE THYMUS

The pathology of the thymus is in general still not well established,
with the exception of the particular features seen in some cases of
myotonia. Our observations in mongolism indicate that there are
often rather large masses of thymus tissue to be found in the sternal
notch and on the pericardium. Conspicuous are huge Hassall bodies,
of a size which I have not seen in any of the control material. The
significance of these observations is not known.

INTESTINAL ORGANS

Two abnormal features may be observed in the intestines. Micro-
colon is not rare, on the one hand, by extreme extension of parts of
the colon, and a true macrocolon may also be obsers ed. Constipation
is frequent in mongoloids but usually reacts well to small dosages of
thyroid unless stasis of a macrocolon cannot be overcome.

KIDNEYS

The kidneys show certain characteristic features which have so far
escaped recogmtion. 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 remain near the capsule in a distnbution characteristic of
fetal and early postnatal life. Interstinal fibrosis, howes er, seems rare,
and one may state that the organs of mongoloid patients seem gen-
erally weak 1n interstitial response on the part of the connective tissue.
Loose hemangiomata were found in several cases.
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THE THYMUS

The pathology of the thymus 1s in general still not well established,
with the exception of the particular features seen in some cases of
myotonia. Our observations in mongolism indicate that there are
often rather large masses of thymus tissue to be found in the sternal
notch and on the pericardium. Conspicuous are huge Hassall bodies,
of a size which I have not seen n any of the control material. The
significance of these observations is not known.

INTESTINAL ORGANS

Two abnormal features may be observed in the intestines. Micro-
colon is not rare, on the one hand, by extreme extension of parts of
the colon, and a true macrocolon may also be observed. Constipation
is frequent in mongoloids but usually reacts well to small dosages of
thyroid unless stasis of a macrocolon cannot e overcome.

KIDNEY

‘The Kidneys show certain characteristic features which have so far
escaped 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 remain near the capsule in a distribution charactersstic of
fetal and early postnatal life. Interstitial fibrosis, how ever, seems rare,
and one may state that the organs of mongoloid patients seem gen-
erally weal in interstitial response on the part of the connectiy e tissue.
Loose hemangiomata were found in several cases.
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TABLE 11 —Distribution of Blood Groups

Frequen-
Number in blood group® Prreentazet | et
Subjects Total
I ]| o w } o) gy
AB| A [ B[O {aBlA|B]|O
Amencans (Strandshov) 10,536 4774,121 1,20814,730’ 4539 1111 § 44,9[24.9’ 8.3
Persons  with mongolism,
American 125] 51 48] 12/ 60/ 4 0138 4 9 648 0/24,1] 7.1
Persons with mongolism, i
Englsh (Penrose) 166/ 3| 83 14| 66 1 830 0] 8 439 830 6/ 5 2
Persans  with mongolism, ’
American and Enghsh 291 8] 131 26| 126/ 28450, 8 943 327 8/ 60
Japanese (Strandskov) 12,327 1,120‘4,655 2,599,3,953] 9 1137 821 132 0/16.527
Chinese (Strandshov) 2,500 240’ 823J GSZJ 77610 0J32 9/20 1}31.0)24 420 1

* Roman numerals indicate Moss groups and letters Landstemer groups

about a quarter of the cases have counts below 4,000,000, but only a
few show values as low as 3,000,000,

The reticulocyte count ranges between 03 per cent and 1.9 per
cent, these values being definitely far below what 1s generally con
sidered average (1.5 per cent).

Hemoglobin

The hemoglobin values spread over a iarge range. Although a few
cases will show low values, a considerable number have gl ones
In general, the distribution of the values 1s approximately the same
for all age groups, but the occurrence of somewhat lower valucs in
children from one to four should not cause alarm.

Cell Volume

The cell volume values fall within the normal range of 31 to 41
per cent However, the average for cluldren of 1 to 4 years (362) is
shightly below the normal average of 38 86, and in older children 4
to 15 years), the average of 36.9 15 again below the normal average
(38 52).
Sedimentation Rate

In the majority of cases, the sedimentation rage 15 withn the nor-
mal range (7 to 14 mm /hr.).
Fragility Test

Although there is some disagreement nbomA what sh(.mld he con
sidered normal, for the most part, values coincude with Osgood's
range All complete hemolysts values are in the normal range
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Fie 62—Total white cell count it thousands.

Total Leukocyle Counts
On the whole, in all age groups the cases are rather evenly distrib-
uted over the normal range (6000 to 11,000).

The Percentage Differential
Differential counts of the polymorphonudear cells show an cqn:ﬂ
percentage distribution from the first to the tenth year of age, whereas
in the age group of 10 and older, the average white cell count is lower.
The lymphocytes found in previous studies run below average (nor-
mal =30 per cent), the results falling m the Jower 20°s 1n the majonity
of cases. However, our recent studies show that the percentage of lym
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phocytes seems defimtely increased in relation to polymorphic nu-
cleated cells, and percentages of 60 per cent and more are not rare,

The percentages of eosinophils are low. Approximately two-thirds
of all cases hav e less than 3 per cent, and many have no cosinophils at
all Only occasionally are higher percentages notedl.

The average monocyte count is low in the one to four year old
group, with few exceptions. The average is slightly higher in the four
to 14 year old group, the majority of the cases faling within the 4
to § per cent range. The basophils are normal. There scems to be a

shght increase in disintegrating cells, although these are within range
1n tost cases.
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Fie. 62 =Total white ¢cll count 1n thousands.

Total Leukocyte Counts
On the whole, in all age groups the cases arc rather cvenly distrib-
uted over the normal range (6000 to 11,000)

The Percentage Differential
Differential counts of the polymorphonuclear cells show an equal
ot T : ) hereas
lower.
> (nor-
Jorny

. . .
of cases. However, our recent studices show that the percentage of Iym



HEMATOLOGY AND BIOCHEMISTRY 155
phocytes seems definitely increased w relation to polymorphic nu-

all. Only occastonally are h‘igher percentages noted

The average monocyte count is low in the one to four year old
group, with few exceptions The average is slightly higher in the four
to 14 year old group, the majority of the cases fallmg within the 4
to 8 per cent range. The basophils are normal. There scems to be a
gllght increase in disintegrating cells, although these are within range
in most cases.
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Fic 62 —-Total white cell count 1n thousands

Total Leukocyte Counts
On the whole, 1n all age groups the cases are rather evenly distrib-
uted over the normal range (6000 to 11,000).

The Percentage Differential

Differential counts of the polymorphonuclear cells show an equal
percentage distribution from the first to the tenth year of age, whereas
in the age group of 10 and older, the average white cell count is lower.
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phocytes seems definttely increased in relation to polymorphic nu-
cleated cells, and percentages of 60 per cent and more are not rare,

The percentages of eosinophils are low. Approximately two-thirds
of all cases hiave less than 3 per cent, and many have no cosinophils at
all Only occastonally are higher percentages noted

The average monocyte count 1s low in the one (o four year old
group, with few exceptions The average is slightly higher in the four
10 14 year old group, the majority of the cases falling within the 4
t0 8 per cent range. The basophils are normal, There secems to be a
shight mcrease 1n disintegrating cells, although these are within range
I most cases.
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Absolute Differential

Although absolute counts of each type of leukocyte are seldom pre-
sented, it is important to determine whether there is a general ten-
dency towards underactivity rather than overactivity of certain he-
matopoietic systems. Despite the wide range in absolute counts, they
stay below 7,000 with few exceptions. A number of counts of seg-
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Fic 66 —Absolute white cell counts 1 mongolism: ersinophils and lmpho-
oytes

mented polymorphonuclear cells fall below 3000. The vast majonty
of lymphocyte counts are less than 3000 The majority of the mono-
tyle counts range between 100 and 750,

Blood studies of patients with mongohsm lave been further con-
ducted by Shapiro (1949), Liters and Luers (1954) and Mittwoch
(1957 and 1958). These studies confirm the observation reported
abmve»zhat the polymorphonuclear leuhocytes show an increased pro-
portion of cells wath unsegmented nucler—thus providing further
ev1dence ol a shift to the left of the Arneth index. Torre, Scarzella and
2aralda also confirm ths.

. A‘n‘aspect of extreme interest was added to the blood studies when,
in 1954, Davidson and Robertson Smith found that a propottion of
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Absolute Differential

Although absolute counts of each type of Ieukocyte are seldom pre-
sented, it is important to determine whether there is a general ten-
dency towards underactivity rather than overactivity of certain he-
matopoietic systems. Despite the wide range in absolute counts, they
stay below 7,000 with few exceptions. A number of counts of seg-
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Fic 66 —Absolute white cell counts in mongolism, eosinophils and Iympho-
qgtes

mented polymorphonuclear cells fall below 3000, The vast majority
of lymphocyte counts are less than 3000, The majority of the mono-
cyte counts range between 100 and 750.

Blood studies of patients with mongolism hase been further con-
ducted by Shaprro (1949), Luers and Luers (1951) and Mittwoch
{1957 and 1958). These siudies confirm the observation reported
above—that the polymorphonuclear leubocytes show an increased pro-
portion of cells with unsegmented nuclei—thus providing further
evidence of a shift to the left of the Arneth index. Torre, Scarzella and
Zanalda also confirm thus.

An.aspecl of extreme interest was added to the blood studies when,
m 1934, Davidson and Robertson Smith found that a. propostion of
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the polymorphonuclear nentrophil leuhocytes of females carry a soli-
tary nuclear appendage which is called a “drumstick.” It is generally
assumed that among 500 neutrophils, as many as 14 drumstick cells
may be encountered. In Mittwoch's study, drumstick cells were en-
countered in the female mongoloids with a mean incidence of 3.8 per
500, which indicates a significant lowering from the norm. Drum-
sticks were not found in any of the male mongoloids reported in
Mittwocly’s study. In conclusion, she reported that an examination of
36 blood films from mongoloid children showed that the nucler of
the polymorphonuclear neutrophil leuhocytes were less segmented
than those of a similar group of nonmongoloid children, The inci-
dence of the drumstick appendage in the ncutrophil leukocytes of
females was lower in the mongoloids than in the controls. In her
study, the total leukocyte counts of 24 mongoloids and 24 controls
showed no significant difference. In the mongoloids, the percentage
neutrophil count was higher, and the absolute and percentage lym-
phocyte counts were lower than in the controls. .

In a second article (1958) about the lcukocytes in mongolism, A\ll.ll'
woch concluded that the neutrophil count of the mongoloids was sig-
nificantly higher than that of the controls The mean count for mon-
goloids was 5,184 and that for the controls, 4,018. The lymphocyte
count of the mongoloids was significantly lower than that of the
controls. The mean count for the mongoloids was 2102 and that for
controls, 2888 The lymphocyte count in the controls fell with in-
creasing age, while that of the mongoloids remamed stationary. She
mentions that the most striking difference between the mongolods
and controls m the present sertes was the low lymphocyte count m
the mongolowds belonging to the younger age group, i.c, hetween
three and six years. This low lymphocyte count was assoaated with a
rather ngh neutrophil count. Normally, infants have a high lympho-
cyte count, which gradually falls with age At the age of four years,
lymphocytes and neutropluls should be present in about equal num
bers of, roughly, 4000 per cubnc millimeter. Thereafter, the Ilympho-
cyte count continues to fall throughout cnldliood.

Mattwoch goes on to say that in the older age group, the differences
hetween the mongoloids and contrals have hecome smailer s s
largely due to the fact that the fall of the lymphocyte count with age.
which 1s found m normal children and which was observed m the
mentally defective controls, did not occur m the mongolords whose
Iymphocyte count was low throughout the whole age group m;c\.rlﬂ-
gated It scems morc l.xkcl) that a quahitatine difference 15 o \.(((.
Since mongolism predisposes to leuhenna, st s felt that the cane o
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the polymorphonuclear neutrophil leukocytes of females carry a soli-
tary nuclear appendage which 1s called a “drumstick.” It is generally
assumed that among 500 necutrophils, as many as 14 drumstick cells
may be encountered. In Mittwoch's study, drumstick cells were en-
countered in the female mongoloids with a mean incidence of 3.8 per
590, which indicates a significant lowering from the norm. Drum-
sticks were not found in any of the male mongoloids reported in
Mittwocl's study. In conclusion, she 1eported that an examination of
36 blood films from mongoloid children showed that the nuclei of
the polymorphonuclear neutrophil leukocytes were less segmented
than those of a sunilar group of nonmongoloid children. The inci-
dence of the drumstick appendage in the neutrophil leukocytes of
females was lower in the mongoloids than in the controls. In her
study, the total leukocyte counts of 24 mongoloids and 21 controls
showed no significant difference. In the mongoloids, the percentage
neutrophil count was higher, and the absolute and peicentage lym-
phocyte counts were lower than n the controls.

Inasccond article (1958) about the leukocytes in mongolism, Mut-
woch concluded that the neutrophil count of the mongoloids was sig:
nificantly hugher than that of the controls. The mean count for mon-
goloids was 5,181 and that for the controls, -L,018. The lymphocyte
count of the mongoloids was sigtuficantly lower than that of the
controls The mean count for the mongolotds was 2102 and that for
controls, 2888. The lymphocyte count i the controls fell wath in
creasing age, while that of the mongolords remamed stationary She
mentions that the most strihing difference between the mongolotds
and controls n the present series was the low Iymphocyte count m
the mongoloids belongmg to the younger age group, te, between
three and six years. This low lymphocyte count was assouated with a
rather high nentiophil count, Normally, infants have a lngh lympho-
cyte count, which gradually falls with age. At the age of four years,
lymphocytes and neutropluls should be present m about cqual num
bers of, roughly, 4000 per cubic milhimeter. Thetealter, the lympho
cyte count continues to fall throughout uldhood

Mittwoddt goes on to say that m the older age group, the dafferences
between the mongoloids and controls have become smaller 1 hes 1s
largely duc to the fact that the fall of the ymphocyte comnt with
wluch is found m normal chldren and which was obsersed m the
mentally defective controls, did not occur in the mongolowds whose
Iymphocyte count was low throughomt the whole age group et
gated. It scems more hihely that a qualitatine difference 1s mvolved
Since mongolism predisposes to teukemea, 1t s fele thae the Gse of
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Frc, 69—Blaod of female mongaloid, 14 months of age (Wright stun, oil im-
mersion), Note primitne,

d patterns of d cels wath vacuo-
lization of cytaplasm acd nucleus

veal a severe cellular madequacy of hematopotesis As figures 6‘7 and
68 demonstrate, the segmentation of blood cells in mongoloid pa-
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pear of the same nature Further investigations will decide the sig-
mificance of these observations Figure 69 shows another aspect which
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Sepuited by hnwt and Good in America and by a group of research
\\’cﬂ.m from the Western General Hospual, Edinburgh, Scotland,
Kt and Gooed summarize their observations by saying:
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Fic, 68 —Blood of tno male mongolonds (Wright stain, ot immersion) showing
the female “drumstick” patterns an segmented cedls (1) 10 year okd, (5) 11 year
old (See text, page 161)
the abnormal leukocyte counts i children weth mongolisne 1s worth
investigating.

While our own obsenations agree i general with the findings ye-
poncd by AMattwoch, obsenvations on the blood cells i wmongolist 1e-
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veal 3 senere cellulas wadequacy of hematopoiesis As figures 67 and
68 demonstrate, the segmentation of blood cells in mongoloid pa-
ttents 1s quite incomplete, Figure 67 shows two female blood smears
with the drumstich formation, Figure 68 shows two male mongoloid
blood smears with mnute drumstick-like formations. Although the
“drumsticks” are somewhat smaller than in the female, they ap-
pear of the same nature Further i eshigations will deade the sig-
mificance of these observarions Figure 69 shows another aspect which
bas been rarely observed—the formation of large vacuoles in the Cyto-
plasm and nucleus of segmented cells, Vacuolization 1 the cytoplasm
has been goem v neen conazs 2 T
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bined disorder to be antiaspated by chance alone is calculated to be 12 $ for the
four-year period for the same age group in the population at large

The actual occurrence of simultaneous leukemia and mongolism
during this period seems therefore approximately thiee times higher
than that which might be anticipated to result from chance associa-
tion. Since the Scottish rescarch group reported anomalies in the
chromosome counts of mongoloids as well as of patients with leu-
kemia, a possible Imk between the two conditions may be expected.

BIOCHEMISTRY

Table 12 tabulates new biochemical studies on 42 individuals with
mongolism ranging in age from 28 years to 21 days. These studies are
in addition to biochemical findings reported previously by Bixby and
Benda. The serum calciums are essentially within the normal limits
(8 to 11.5 mg./100 ml.) established for this method by Schocnthal and
Lurie 1n a study of 250 healthy children. However, this observation is
not entirely in line with a study by Sabel et al., who report that mon-
goloid children show “statisttcally significant tendencies for lowered
serum calcium values, decreased serum albumin, and increased serum
gamma-giobulin concentrations.” Whether the difference is due to
vanations 1n food intake cannot be decided, hut simce onr observations
are based on a long hine of institutionalized patients under strict super-
vision, 1t seems to me that the differences in serum calcium are not s1g-
nificant.

The values for inorganic phosphorus are also withmn the normal
range, which 15 3 to 4 mg. per 100 ml. for adults and 4 to 6 mg per
100 ml, for children. Likewise, the results for the serum phosphatase
activity expressed in Bodansky units are wichin established normal
lumits (I 5 to 4.0 U. per 100 ml for adults and 50 to 140 ' per 100
ml for cluldren).

The values for blood chlonides fall within the normal range, giien
by Matuce as from 450 to 500 mg. per cent, or 350 1o 550 mg per cent
according to Osgood, or 411 to 519 mg. per cent according to Rarlson
and Norberg (76 to 91 mEq. /L.).

The values for sodium, seram total protemns, albunun andd hbrimo
gen also appear to be within the normal range. However, our own
studlies seem to ndicate a rather large number of albumm yalues be
low the average and the albumm-globulin rateo below the 2 hine, .mlh
practically all values below 2.5, The aboye-mentioned study by Sobel
et al. also revealed a tendency to decreased serum albumm and m
creased serum gamma globulin concentration The same authors stud

ied vitamin A absorption and report that mongolods, both mfants
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Tants 12 —Buochemical Tests on 42 Potvents with Mongelsom, Rauging
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162 THE CHILD WITH MONGOLISM

bined disorder to be anticipated by chance alone is calculated to be 12.3 for the
four-year period for the same age group in the population at large.

The actual occurrence of simultancous lenkemia and mongolism
during this period seems therefore approximately three times higher
than that which might be anticipated to result from chance associa
tion. Since the Scottish rescarch group reported anomalics in the
chiromosome counts of mongoloids as well as of patients with leu-
Kemia, a possible link between the two conditions may be expected

BIOCHEMISTRY

Table 12 tabulates new biochemical studies on 42 individuals with
mongolism ranging in age from 28 years to 21 days. These studies arc
in addition to biochemical findings reported previously by Bisby and
Benda. The serum calciums are essentially within the normal limits
(8 to 11.5 mg./100 ml.) established for this method by Schoenthal and
Luric in a study of 250 healthy children. However, this observation is
not entirely in line with a study by Sobel et al., who report that mon-
goloid children show “statistically significant tendencies for lowered
serum calcium values, decreased serum albumin, and mcreased serum
gamma-globulin concentrations,” Whether the diference is due to
varations in food intake cannot be decided, but since our olservanons
are based on a long line of institutionalized patients under strict super-
vision, it seems to me that the differences in serum calcinm are not sig:
nificant.

The values for inorganic phosphorus are also within the normal
range, which is 3 to 4 mg per 100 ml for adults and 4 to 6 mg. per
100 ml. for children. Likewise, the results for the serum pllmphmmc
activity expressed in Bodansky units are within established normal
limits (1.5 to 4.0 U. per 100 mi for adults and 5.0 10 110 U. per 100
ml. for children).

The values for blood chlorides fall withmn the nonmal range, gien
by Mattice as from 450 to 500 mg per cent, or 350 1o 550 mg per cent
according to Osgood, or 411 to 519 mg. per cent according 1o Rarlson
and Norberg (76 to 93 mEq.'L)

The values for sodtum, serum total protens, albunin and fiibrino
gen also appear to be within the normal ange However, out onwn
studies seem to indicate a rather large number of albumin values e
low the average and the albumm-globulin ratio below the 2 hine, with
practically all values below 2 5, The above mentioned study by Sobel
et al. also revealed a tendency to decreased serum albumin and an
creased serum gamma globulin concentration "1 he same anthors stud

ied vitamin .\ absorption and report that mongolowds, both mfants
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162 THE CHILD WITH MONGOLISM

bined disorder to be anticipated by chance alone is calculated to be 128 for the
four-year period for the same age group in the population at large.

'Ijhe nc%unl occurrence of simultaneous leukemia and mongolism
during this period seems therefore approximately three times higher
t!mn that which might be anticipated to result from chance associa-
tion. Since the Scottish research group reported anomalies in the
chm_mosome counts of mongoloids as well as of patients with leu-
kemia, a possible link between the two conditions may be expected.

BIOCHEMISTRY

Table 12 tabulates new biochemical stuchies on 42 individuals with
mongolism ranging in age from 28 years to 21 days. These studies are
in addition to biochemical findings reported previously by Bixhy and
Benda. The scrum calciums are essentially within the normal limits
(8 to 11.5 mg./100 mL.) established for this method by Schoenthal and
Lurie in a study of 250 healthy children. However, this observation 1s
not entirely in line with a study by Sobel et al., who 1cport that mon-
goloid children show “statistically significant tendencies for lowered
serum calcium values, decreased serum albumin, and increased serum
gamma-globulin concentrations ” Whether the difference 1s due to
variations i food intake cannot be decided, but since our observations
are based on a long line of instttutionalized patients under strict super-
vision, 1t seems to me that the differences 1n serum calcium are not sig
nificant.

The valucs for inorganic phosphorus are also within the normal
range, which is 3 to 4 mg. per 100 ml. for adults and 4 o 6 mg. pet
100 ml. for children. Likewise, the results for the serum phosphatase
activity expressed in Bodansky units are within estabhished normal
himits (151040 U per 100 ml. for adults and 50 to 110 U per 100
m). Jor children)y

The values for blood chlotides fall wetlun the normal 1ange, gnen
by Mattice as from 450 to 500 mg per cent, or 350 10 550 mg per cent
according to Osgood, or 441 to 519 mg per cent accordimg to Rarlson
and Norberg (76 to "4 mEq L)

The values for sodium, serum total protewmns, albupnn and ibnino
gen also appear to be within the normal range However, out own
studies seem to indicate a rather large number of albunmun values he
low the average and the albumin-globulin ratto below the 2 hine, wath
practically all values below 25 The above-mentioned study by Sobel
et al. also revealed a tendency to decreased serum albumm and in
creased serum gamma globulin concentration The same authors stud
ied vitamin A absorption and report that mongoloids, both mfants
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TapLE 12—Continned

Eoanophils
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* Adrenalin chlortde, 1:1000 solution 03 ml (corrected for hody weight)
and young children, exhibit lowered absorption of vitamin A m oil
compared with normal mfants and children of the same age. In a dis:
cussion of the possible significance of thts observation, Sobel et al.
mention that Bronsch has shown that vitamin A plays a part 1 the
normal function of the prtuttary. Lack of vitamin A prevents the
growth hormone from being fully effective, apparently becausc of 2
disturbance of the synthesis of the growth hormone.

Table 15 represents the sodinm values of 17 cases, ranging from 3
to 31 years of age. The normal average is gtven 1n the texthook of
Gradwohl as 330 mg. per cent sodium, or 143 mEq /L. The balance
of sodium is hept rather constant in any blood serum, and the varia-
tions from the normal are slightly smaller than those of most sub-
stances in the blood. From table 15 it appears that 8 of these 17 values
fall between 315 and 320, being 4.5 per cent below average. Six values
fall between 321 and 325, heing still at the lower edge of normal
range, Only 3 of all values fall between 328 and 334, or exactly withun
the normal range. These facts are worth noticing, because they seem
to indicate a moderate loss of sodium, in contrast ta the chlonides,
which were within normal range.

M. and O. Bodansky consider 315 mg. per cent as normal average
and a decrease as significant only when helow 315. From this point
of view, all reported values in mongolism are normal.



165
HEMATOLOGY AND BIOCHEMISTRY
Tante 13.—Colsuum, Inorganse Phosphorus, Phosphatase
Jaorganic Phosphatase
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* Adrenalin chlonde, 1:1000 solution 03 ml (corrected for body weight)
and young children, exhibit lowered absorption of vitamin .\ m oil
compared with normal infants and children of the same age. In a dis-
cussion of the possible significance of this observation, Sobel et al
mention that Bronsch has shown that vitammn A plays a part in the
normal function of the pituntary Lack of vitamin A prevents the
growth hormone from being fully effectve, apparently because of a
disturbance of the synthesis of the growth hormone.

Table 15 represents the sodmum values of 17 cases. anging hrom 3
to 31 years of age The normal average is gnen in the textbook of
Gradwoll as 330 mg per cent soduumn, or 143 mEq ‘L The balance
of sodium is kept rather constant 1n any blood serum, and the vana-
tions from the normal are slightly smaller than those of most sub
stances in the bload. From table 13 it appears that 8 of these 17 values
fall between 315 and 320, bemng 4 5 per cent below average Six values
fall between 321 and 325, being sull at the lower edge of normal
range. Only 3 of all values fall between 328 and 334, or exactly withm
the normal range. These facts are worth noticing, because they scem
to indicate a moderate loss of sodium, in contrast to the chlondes,
which were within normal range

M. and O. Bodansky consider 315 mg. per cent as normal average
and a decrease as significant only when below 315, From this pomt
of view, all reported values in mongolism are normal
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Taste 16 —Wongolod Serunt Total Nifrogen, Nonprotemn Ntrogen and Total Protein
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* NPX assumed to be 25 mg per ceat,

method, 4 cases were above 0.50 per cent, which appears pathologic,
and 10 other values were above 0 35 Only a single test fell on the 0.30
line The method 15 unreliable. The tendency to high values of buin-
ogen 1s Jess marked 1n the second series, done with the more reliable
methnd of Kjeldahl. In this series case 3 had a constantly elevated
value of 0 50 and 0.49, respectively, and 5 other values were 0 35 or
mare On the other hand, some of the values in the series were low,
Tike that of case 14, with a value of 0.20

The reported serum cholesterols are additional waliee om ot -

st vdites ot mongoloid children are
usually within the normal range excent in thaca aneea” <=

4w suonn 0 2Y years. Fourteen of the
3t matesand 17 of the 27 females show values above 200 mg./100 m]
wath a few values above 300 Seseral patients had repeated tests, and

all were of the same level In addition, 10 males had values between
180 and 200, and two more females were also above 180 mg per cent,

Tinsgisesa total of 43 of 61 patients who had cholesterol values abo

180 On the other hand, one female mongoloid baby with alm i
cretinoud features had values of 76, 77 and 80 me. per Seapee.
tively, on three occastons, § PET cents respec:

Results of tests presented in table 19 show the same relation as the
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TABLE 15 —Serun Soduums

Sodwum Sodum
Age Sex Age Sex —
{mg %) | mEq/L) (mg %) | (mEq/L)
33 M 325 14 128 r 318 138
49 F 319 139 142 M 324 H
11t M 320 139 1110 F 328 43
52 M 321 140 14 10 F 322 140
6.1 F 325 141 16.7 M 332 M
79 M Hs 137 181 F 321 Ho
8 11 F 319 139 240 r 334 143
94 M 318 138 313 F 315 137
116 r 319 139

Range 315 to 334 mg per cent, or 137 to 145 mEq /L

The serum total proteins shown mn table 16 for 12 mongoloid pa-
tients from 8 to 26 years of age are within normal limuts, bemng 6 4 to
7.3 Gm. per cent (normal: 6 to 8 Gm per cent).

Although the total proteins fall grossly between the normal aver-
age range of 6 to 8 Gm. per cent, it 1s noteworthy that in tls seres
all but 3 values are below 7, and only 3 fall between 7 and 7.3 Gm.
per cent. None of the values conteracts the low tendency seen in
this series. It was, however, fele that the values may not be representa-
trve for a larger group, and that more iformation was needed

In table 17, 38 more total protein values are recorded. About half
of them were done by the Kjeldahl method, the others by the Kingsley
biuret method. Kjeldahl values range between 6.67 and 7 90, the aver-
age bemng 7.35. The values seem slightly lower than average. One may
possibly conclude that there 1s a trend toward low values, but the
result 15 still well within normal range and the sigmficance is, there:
fore, not statistical.

In the same sertes of tests, with the use of the Kingsley-Kjeldahl
method, the albumin averaged 4.93 Gm per cent, with values rang-
ing from 4.65 to 5.48. In the same test scries done by this method, the
globulins ranged from 1 93 to 2.89, with an average of 2.44 1 ohc con-
siders 2.5 Gm, per cent as a fair average, it 1s obvious that very few
values are above this line, but many values are below. The albumin-
globulin ratio is debatable. A number of cases fall below the 2 hine,
and praclica]ly all values remain below 2 5, but all seem to be within
normal range.

The fibrinogen is high by both the Andersch-Gibson method and
the Kjeldabl method In a series of 15 tests done with the Jormer
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ajues of Total Clalesterl of Serum during Fasting

TapLE 18—
Femsle

Male

Chalestesol
Cholesierod Age {mg /100 ml )}
Ase g 100 enl ) I
T i s

29 310 3
210 5.9 195
33 {43 76
33 50
310 17
41 46 320
52 50 200
71 1 25
76 617 29
19 71 e
80 7.5 %5
82 26 2720
98 9.2 34
04 10.0 170
103 248

u.a
b 1 152
09 1

13 170
Yy 16 178
1z e
121 16

132 28
13
123 140 197
135 131 78
13e 158 248
1o 16§ 236
147 17 16
158 17 1 133
16 31 181 190
173 3 "1
u1 253 268
5 26 0 254
B3 278 248
26 285 254
33 290 234
2310

atues for 1he controls between the total cholesterol and the choles-
terol esters of whole blood and of serum. It is seen that the values
for total cholestero} in the whole blood and in the sernm are not
nearly as equal and interchangeable as might be inferred from the
lnerature. The total cholesterol in the blood tends to be nearer or
equal to the total in the serum when it is low. The percentages of
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! dified), which is said

ed the Schoenhermer-Sperry method (mo

tllzorr)seu; to 15 per cent lower than the Saclett procedure (Matt'xce)‘i

swhich 10 turn has been found to check very closely with the modifie

Bloor method, used in our laboratory. .
While the values of serum cholesterol do not reveal significant

anomalies, Simon et al. reported most marked dhiferences between

normals lowest  Because of these extremely interesting observations,
Benda and Mann examuned a group of mongolowds for the purpose
of exther confirming the observations or finding a different expl:ln:e-
tion A study of 54 subjects with mongolism revealed but httle evi-
dence of the serum Iipid pattern characteristic of mongolism When
the mongoloid groups were compared with the msttuational controls,
only the female mongoloids under 25 years of age showed a persistent
tendency to lugher ipoprotewn and cholesteral Jevels. All the male
mongolowds and the female mongoloids of 25 years or more showed
wrregular higher or lower levels of these Iiptds than did the institu-
tional controls Furthermore, the absolute levels of these serum lipids
were not greatly different in the defective groups from those of the
normal population It 1s clear that these sexum hipid measurements
cannot serve as a means to discriminate between such groups, much
less to charactersze individuals. There is little evidence from these

measnrements that mongolism 15 characterized by alterations of se-
rum lipid patterns

With regard to the consistent and yet—mn thewr specific character—

neonsistent narhalas - 7 . mongoltsm, a

whether the

v rvus o table 12, the

auajolity ot cases show values within the accepted range (from 4 to

8) Only occasional cases show low protein-bound iodide values, and

again they seem to be cases in which there is definite evidence of Trypo-

or dys{lv,muhsm While these cases are not 100 rare, the large nunzs 4

of patients with PBI values within the norma} rn’nge indicates ) et
sufficent protem-bound iodide is circulating, but the Gndme: ‘:1!

nu;shn‘w that the globulm fracaon itself is nor;nal e do

» . L

c\lsz‘?l‘ellﬂ[r:)‘::z‘;tli::ilslgm! Mo luncthn oy ppgotism_ has been
pe studies carried ouy by a number of i

‘estigators Hobmann-Credner and 7+ " ¥ ob -

Toc Yo - -
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TABLE 19.~Tofal and Esterified Cholesterol Values of Serum and of
1hole Blood of Mongoloid Patients

Age Total Total Serum ester Blood
Subject | Sex Cells serum oo ] eter
N (Sa) | cholesterol | cholesterol )

Y Mo (mg) (mg) (mg} %
1 M 2 10 — 227 -~ 14 62 -
227 - 137 - -
2 M 7 9 41 188 171 124 68 [
188 170 129 — 68
186 — 128 — -
3 M | 10 7 16 291 233 206 70 84
283 233 194 — 81
10 9 46 234 200 196 80 1
201 — — 107
4 M| 12 2 — 218 193 - - -
227 9 5 — — -
5 MO 13 5 15 189 165 116 61 56
191 163 116 — 59
191 — 109 - It
6 F 17 [ 1 10 130 143 88 66 53
133 143 88 - 55
149 — — S
18 1 41 140 141 103 2 56
140 140 0 | - -
7 M | 18 5 — 195 164 — - -
189 169 — - -
8 M| 2310 - 140 140 - - -
110 140 | = — -
9 r 29 | — — 233 19— — -
234 199 [ - — -

ester 1n mongoloid serum, varymg from 61 to 80, were about the
same as those 1 controls, 57 to 71. These results correspond with pub-
hished data for normal plasma or serum.

Reports 1n the literature on cholesterol in general are conflicung,
and those on nfants are meager and questionable. It 1s smd that nor-
mally at irth the cholesterol of the clnld 1s much lower than that of
the mother According to Palacios-Costa and Falsia, the average total
cholesterol of umnlical cord bload is 108 mg per cent and ndepend-
ent of the maternal level It is diflicult to learn at just what age the
value may reach a fairly constant level for the individual Offenkrantz
and Karshan give the total serum cholesterols of 19 boys and 11 girls
of from 2 months to 3 years of age as 1741 2= 45.3 mg. per cent (1288
to 210.4 mg. per centyand for 51 boys and 40 girls of from 1 to 6 years
as 177.5 = 30.4 mg. per cent (147.1 10 207.9 mg. per cent). These au-
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thors used the Schoenheimer-Sperry method (modified), “’h‘f\'; ':{5351
to be 5 to 15 per cent lower than the Sackett procedure () adlge(i
which in turn has been found to check very closely with the modt
Bloor method, used 1n our laboratory. .

While the values of seram chelesterol do not Teveal significant
anomalies, Simon et al reported most ma.ﬂ\ed differences between
mongaloids, normal and control children “in the leyel of large.mo]e-
cule lipoproteins of the S; 12-20 class, the mongoloids bemng highest,
the cases of undiffereniiated mental deficiency miermediate, am% the
normals lowest.” Because of these extremely interesting observations,
Benda and Mann exanuned a group of mongoloids for the purpose
of exther confirming the observations or finding a different explana-
uon. A study of 54 subjects with mongolism revealed but little evi-
dence of the serum hipid pattern characteristic of mongolism. When
the mongolord groups were compared with the wstitutional controls,
only the female mongoloids under 25 years of age showed a persistent
tendency to hagher hipoprotemn and cholesterol levels All the male
mongolords and the female mongoloids of 25 years or more showed
wrregular higher or lower levels of these Iipids than did the {nstitu-
tional controls Furthermore, the absolute levels of these serum lipids
were not greatly different in the defectrie groups from those of the
normal population It is clear that these serum hipid measurements
cannot serve as 2 means to discriminate between such groups, much
less to characterize individuals. There is little evidence from these
measurements that mongolism 15 characterized by alterations of se-
rum lipid patterns

With regard to the consistent and yet—in therr specific character—
inconsistent pathologic observations on the thyroid in mongolism, a
number of mvestigators have examined the question of whether the
protein-bound iodsde 1s abnormal As 1s obvious from table 12, the
T\"J:"T_lsy of cases show 1alues within the aceentad wne- 7+

«wavuwu tdig, the large noml
m(]r).luems with PBI 1alues within the normal Tange mdgicates tll)lz‘;
sulhaient protein bound 1odide 15 ci i
rculating, but the findi
no;ﬂshn!w that the globulin fraction reself is no%mal dings do
wither insight into thyroid fuj .
n ncton i mongoli
expected from radioisotope studies carried by oaeen

. out by i
‘estigators. Hofmann Credner and 7warm v ¥ @ number of in.
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TasLE 19.—Total and Esterified Cholesterol Values of Serum and of
Whole Blood of Mengoloid Patsents

S

Age can Tota] Total Serum ester Blood

Subject | See || G5 | cnSictiorol | chotemerat e

Y, Mo ung {mg) (mg ) i

1 M| o200 — 227 - w o[ e | -
227 - w | - | -

2 M| 7| s ]| a 188 171 124 | 68 6
188 170 129 | — 6

186 - s | - | —

3 Mol v o6 291 233 06 | 70 &
283 231 194 - 8

0] 9| 244 200 196 | so [ 14

201 — - 107

4 a2l 2| — 218 193 - | - -
227 o - =] =

5 M1 s o 10| 165 uo“ 6t s
191 | 165 | 16 - o

101 — w | — | -

I3 Flu|in| aw 130 ‘ 145 88 | 66 53
133 148 S8 — 55

149 — - -

18 1 41 140 141 103 7 $6

110 140 03 | - -

7o s s s o~ owes e | — ] = ] -
‘ 189 6w 1 - = -

g | alalwl - | w | w ' - 1 -] -
’ 140 ) 40 1 — - ’ -

[ r || -] - PRt B [ =
] weo o |-~

ester in mongolowd serum, vaying from 61 to 80, were about the
same as those 1 controls, 57 to 71. These results correspond with pub-
lished data for normal plasma or serum

Reports 1n the Irterature on cholesterol in general are conflicting,
and thase on mfants are meager and questionable. It as said that nor
wally at birth the cholesteral of ethe chuld s much lower than that of
the matlier. According to Palacios-Costa and Talsia, the average tota
cholesterol of umbilical cord blood 15 168 mg. per cent and mdepend-
ent of the maternal Ievel It s dafficult to learn at just what age the
value may reach a fairly consiant lev el for the indnadual ()lh‘an‘nlz
and Karshan give the total serum cholesterols ot 19 hoys and 11 girls
of from 2 months to 3 years of age as 1741 = 45.3 mg. per cent (128.8
to 219.4 mg. per cent) and for 51 boys and 40 garls of from 1 to 6 years
as 177.5 = 30.4 mg. per cent (17.1 to 207 9 mg. per cent). These an-
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re of
These data were agam discussed by Freedberg et al., who are
the opinion that

ficantly faster cifective

the thyraid glands of mongolmzll sub]féﬁin51::::sidn7; Z‘g:\:l\\y(o\()!’. conural group.

hatf life or decrease n radicactivity "

. -thyroid hormone com:

Funthermore, 2 possible abnormality of the plasma prﬂlelﬂn r’; ke of
plex 1 mongolism was suggested by an increase m vitr P

1% labeled trnodothyromne Irom whole blood

i m

Five patients had paper-chromatographic studies of blood szru
after mtake of [ in order to determine whether there we*re"a nfl""
malities of the plasmn-pmtein»tlxyrodilnor{none complex.* “Und ex;
the conditions employed, there was no evidence of any compound
other than iodide, and no abnormal iodinated protew compounds
were found m 4 of the 5 One case was suggestive. Further re-
search is necessary. .

‘The Jast column of table 12 shows the response to pituitary adreno-
corticotropic hormones as a test for a posible deficiency of the
adrenal cortex In normal mdividuals with no adrenal insafficiency,
an effect on the number of eosimophils 1s observed after a single
mtramnscnlar injection of 25 mg ACTH. A profound drop in the
number of cireulating eosinophils (ranging from —49 to —98 per
cent) 15 expected, In pituitary msufficiency, the mjection of epineph-
e will not stimulate the production of AGTH so that no drop oc-
curs i the eosmophils Eosinopenta may occur, however, following
the mjection of ACTH itself unless secondary atrophy of the adrenals
has accurred

As the Jast two colummns of table 12 ndicate, the response to the
mjection of adrenaline was below the normal range of about —40
to :98 pet cent 3n 13 cases, with no response in 1, 3 low Tesponses
(-2, —4 and ~9) and 9 cases having values between —10 and —40
The response to the injection of ACTH was low 1 7 cases, inducat-
ing that there was a dufference 1 Tesponse to adrenalin and AGTH
mBeases In 5 cases the response was below normal in both columns,
whereas in at feast 4 cases xh.exe was an adequate response to ACTH
while the response to adrenaline was low This may
L"')“““"“")" l:yp?hmc‘nun wn 13 cases, with primary or secondary adreno-

R Tal hypo “"CI‘IOH ln.ﬁ cases In 2 cases there seemed to De a nor-
mi”uspumc "2 ac renalu} but a subnormal response to ACTH.

. mx:sc;:nlmlcs add evidence to the amazing sartability of patho-

ae findings an th B

". " ‘h the prtuitary and adrenals, as reported in the section

he sty was done through the courtes
y of Dr. John B St
Thyroud Lalioratory of the Masachusetts Geoeray Ho;]plml onbury at the

indicate a possible
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with a group of normal and cerebral palsy children. Moreover, the
plasma activity (D%1) was remarkably reduced or nonexistent These
:1uthqrs_ felt that. the results were consistent with a secondary hypo-
xhyrmdlsl'n, Posstbly due to lack of thyrotropic hormones, caused by
mallunctioning of the pituitary.

’ Ny

Very careful attention has been given to the problem by Kurland
et al,, who reported

no difference m the 24 hour thyrordal 1™ uptake, comerston into butanolex
(ragmble_nmlcridl. and urinary I excretion in mongoloids as compared with
o o 1¢ age group . In contrast (o these
rnover was found to be sigmficantly
1d controls Since the obsenation of
. . i . a normal 24-hour I** uptake might
be explained by the assumption that significant wurnover and loss of 1™ by the
th)Toul had occurred before the 24-lour measurement, we studied 3 mongoloid
patients at five and at twenty-four hours after a tracer dose of I'" In these 3
pattents, the 5-hour uptake averaged 17 per cent, and the 24-hour uptake averaged
35 per cent The apparent discrepancy hetween rapid thyrodal I* urnover
rate and normal scrum protemn-hound 10dine concentration has aho not been
resolved Il perspheral unlization of thyrerd hormone were ncreased n the
same degree as thyrosd hormonal release, an cqubibrinm would be cstablished
maintaining the amount of hormone tn the blood at a normal lesel The normal
turnover time of plasma thyroune observed m 2 mongolord children docs not
support the hypothess of altered peripheral nuhization These findmgs of
an ncreased thyrowdal turnover of 1odide and a normal plasma protein bound
1odine concentranion are consistent with the hypothesis that thyrord function
in such mdividuals resides in only a4 small portton of the gland working a1 an
mcreased rate, with consequent normal total 10dine uptake, a more rapid turn-
over, and the effectne mamtenance of a normal level of serum hormone

This explanauon seems wdecd the more pertinent since the large
anatomic material available for study has proved ume and again
that not a smgle case showed a thyroid which could be considered
normal 11 every scctor of the ussue We always find arcas with ex-
tended follicles alternating with hypoplastic sectrons i which the
colloid production seems definttely madecuate.

The odser abnonmality of thyrowd function olserved an this stady [hurland
ct al] was an mcreased enythrocytic uptake of tritadothyromne (average 17 3 per
cent) Such clevated values hase previowsly been found m thyrotonicoss None
of these paticnes had any of the sugmata of hyperthyrowdism and, with the o\
ception of thyroidal I™ turnover, other parameters of thyroid function were
normal . . Further studics are necessary to clanfy the significance of the ob-
senatton in mongolism, which may tndicate an alteration of the plasm protem
thyroid hormone comples or a plasma factor(s) affecting the tissue uptake of

thyroid hormone.
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the male values are withm the normal range thongh[ r.elat:]\;?‘zol‘:;:';,
with only tvo values of 15 mg, /24 hours and above. It is nn il
¢hat three of the female values are above the normal ramc,e,I Ve?’
1n a male distribution. On the other hand, 23 of the fe_g;a es'al:uEs
15 years show values below the normal fema\e range | (\)e v ey
correspond to those found in normal children between 10 an )
years and seem 1o indicate that there has be'en an arrest on el‘7pLe-
puberty level of those glandutar tissues which prodnce the 17-ke-
vouds. Lo
‘m’}eable 20 shows studies of 17-ketosteroids and 17-hydroxycorticoids
on 29 patients, with corresponding creatinine values, Only 12 hon.r
specsmens could be collected m some cases, but the 12 hour spect
mens appeared usable since no striking differences between night and
day specrmens could be observed. For comparison purposes, the re-
ned 17-hetosteroid and 17-hydroxycorticoid values should be
doubled 1n those cases which are marked “12 iour ”

BLOOD SUGAR AND GLUCOSE TOLERANCE

The fasting blood sugar values of 51 persons with mongolism, five
to 29 years of age, were normal, ranging from 69 to 113 mg. per 100
cubic centmeters of capillary blood (table 21} However, dextrose
tolerance tests on 10 mongoloid children (fig. 71) indicated a delayed
glycemic response. There seems to be a tendency for a late peak, for
a low cunie, for a slow return to the fasting level, or for a combina-
tion of these After three hours, the single curve (%) with a fairly
high peak at the half-hour interval was still 28 mg above the fasting
level Sugar was not found 1n tie urine of any of these subjects. In 2
case (4) in which there was a lugh late peal,, no urine was vorded. For
comparison, tolerance curves of four controls ate presented

Inasmuch as one can come 1o a definite comelnerny

only after ac-
* talerance tests
to the 10 cases
. . ,CemIC Tesponse,
= s vioadle peak or a relatively slow return to the fasting
leel, thus confirming Brousseau’s statemens that there is a high
g
sugar mlc.mncc 1 mongolism However, 1 two of the three year olds
tested, this evidence does not seem so marked
It was considered that the Fxton-Rose (divided-dose nna 1~
test might throw mova 1~ :
tesults, We fave pe
fie 10 33 years of 2 :
0 2, L3 vy ey, IR TRICTO my
Fohn, and the modification of Gould et al. (fig 72) ethod of
3
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STEMME Ior penoa  STEMME)sor e
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ANDROGENS - M6/24 Hours

CHRONOLOGICAL AGE IN YEARS
Fic 70 —17-Ketosterord values in mongolism (31 females, 19 males, for detnth.
see text)

on pathology. There is no consistency of observations which 1s truc
for cach case of mongolism, but the endocrine deficiency varies 3
much as the anatomic features and the climieal symptoms

Figure 70 shows 70 17-kerosterord values in mongolism (51 female,
19 male) according to chronologic age, placed within the ranges for
normal males (solid line) and females (interrupted hne). Thesc values
have been further increased by mcluding 15 results puh]xshcd by
Talbot and co-workers It will be seen that most of the values for
children below 15 years of age fall within the normal range, with (w0
high values for males, seven values for females and one for a male
below the normal range.

At the age of 15 years, when a gradual transition occurs in the
normal individual through the mataration of the gonads, most of
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"
the male yvalugs are within the/:’\(;tlnul rnal;%lc’lllljl;""“'&l;l‘:::;i'\yﬂ‘f‘:;])‘
with only o values of 15 mg. /21 hours ) a .m\ e, g
that three of the female yalues are above U 1c‘7mm 2 i 5 -‘ —
le distribution, On the other hand, 23 of the females

l1“5 ayer::seshow values below the normal 'lcm:‘lc mn?‘,e. ’Ill(\]c:‘:{uﬁ
correspond to those Found 1n normal children hetween “ nd 18
years and seem to indicate that there has bc.cn an n‘rmsl ‘In ‘l "(Lc’
puberty level of those glandular tissues whicl produce the 17
KOS}I_C;E;SZO shows stuches of l7-Lelostcroisls.nn(l l7~|1)dru\ycnr;|cm(k
on 29 patents, with corresponding creatinine values. (3’111)' 12 ]mu.r
specimens could be collected mn some cascs, bue the 12 hm'xr speci-
mens appeared nsable smee no striking differences between night and
day sperimens coutd be ebsenved. For compatison purposes, the 1e-
ported 1T-hetosterad and 17-hydroxycarticoid satues should be
doubled m those cases wlich are marked “12 hour.”

BLOOD SUGAR AND GLUCOSE TOLERANCE

The fasting blood sugar values of 51 persons with mongolism, five
to 29 years of age, were normal, ranging [rom 69 to 113 mg per 100
cubic centumeters of capiliary blood (table 21). However, dextrose
tolerance tests on 10 mongoloid children (fig. 71) indicated a delayed
glycemic response There seems to be a tendency for a late peal,, for
a low cutve, for a slow return to the fasting level, or for a combina-
tion of these After three liours, the single curve (9) with a fairly
high peak at the half-hour interval was still 28 mg. above the fasting
Jevel Sugar was not found n the urne of any of these subjects, In a
case (£) 1 whach there was a hgh late peal., no urine was voided, Yor
comparison, tolerance cutves of four controls are presented.

Inasmuch as one can come to a definite conclusion only aflter ac-
cumulattng data from many cases, five more glucose tolerance tests
of mongoloxd children are added herewith (table 22) to the 10 cases
above Again one observes evidence of delayed glycemic response,
such as & low or lae peak or a relatively slow return to the fasting
level, thus confirmmg Browssean's statement thay there is a higﬁ
sugar tolerance 1 mongolism However, itt twa of the Whree year olds
tested, this evidence does not seem so marked

It was considered that the Exton-Rose (divided-dose, one houry
test might throw more Iight on the mechanism responsible for 1}
rﬁesults We have performed such tests on 10 mongoloid pauel::f
F\;":o aSnde!eha;s nf:djigzéllixos:‘ngfcap\\lary blood, the micro method oé

, of Gould et al (fig 72).
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CHRONOLOGICAL AGE IN YEARS
Fie 70 —-17-K. 1 values in Itsm (51 females, 19 males, for details,

sec text)

on pathology. There is no consistency of abservations which 1s truc
for each case of mongolism, but the endocrine deficiency varies as
much as the anatomc features and the clinmcal symptoms

Figure 70 shows 70 17-kerosteroid values in mongolsm (51 female,
19 male) according to chronologic age, placed within the ranges for
normal males (solid hine) and females (interrupted hine). These values
have heen further increased by mcluding 15 results published by
Talbot and co-workers. It will be seen that most of the values for
children below 15 years of age fall within the normnal range, with two
higlt values for males, seven values for females and onc for a male
below the normal range.

At the age of 5 years, when a gradual transition occurs i the
normal individual through the maturation of the gonads, most of
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. o atively low,
the male values aiue \\'l;.ll;:! tl:'e/x‘:gr;::llrsrix:ﬁlc:ll::)):;“l; (r;‘sl-lx::)(ccl\Z()rlhy
vil two values of 15 mg./= and 2 3 !
:‘h]:(i[[] 3:1:; of the female 1alues ate above lhcon(vmm\ r:;!’igc,[ (:H’\‘l\cgr
10 a male distribution On the other hand, 23 of the L';f;;\ g‘ (Im-s
15 years show values below the normal .fcm:llc mngtx (\)c .1‘ o
correspond to those found in normal children between 10 and
years and seem to indicate that there has h(:(‘n an arrest on :;_p{c»
puberty level of those glandular tissues which produce the 17-he-
ids ..

ms’;:\gllc 20 shows studlies of 17-Letosteroids and 17-hydrovycorticoids
on 99 patients, with corresponding creatinine values. Only 12 hour
spectmens could be collected 1 some cases, but the 12 hm'xr speci-
mens appeared nsable since no striking differences hetw cen night and
day specimens could be obsenved For comparison purposes, the re-
ported 17-ketosterard and 17-hydroxycorticoid values should he
doubled m those cases which are marked “12 hour.”

BLOOD SUGAR AND GLUCOSE TOLLRANCE

The fasting blood sugar salues of 51 persons with mongelism, fine
o 29 years of age, were normal, ranging from 69 to 113 mg, per 100
cubic centimeters of capillary bloed {table 21}. However, dextrose
tolerance tests on 10 mongolord children (fig. 71) indicated a delayed
glycemic response There seems to be a tendency for a Jate peak, for
a low curve, for a stow return 1o the fasting ievel, or for a combina-
tion of these. After three hours, the single curte (9) with & fairly
high peak -+ * 7t C '
level Suga . H
€a5¢ () 10 oevas catan was & HIgh late peak, no urine was voided. For
compartson, tolerance curves of four cuntrols are presented.

Inasmuch as one can come 10 a definite conclusion only after ac-
cunulating data from many cases, five more glucose tolerance tests
of mongoloid children are added herewith (table 22) 1o the 10 cases
above Again one observes evidence of delayed glycemic responsc,
such as a low or late peak or a relatively stos vetur 1o the fasting
level, thus confirming Brousseaw's statement that there is a l\igﬁ
sugar tolerance 1n mongohsm. However, 111 two of the three year olds
tested, this evidence does not seem so marked.

mlll n\]\;smct::iﬁs\';t r\eh'in }:hc Exton-Rose (dlvit.\cd-dosg one lour)
resulmsD\Vc o < ig] tdon !llle mechanism responsible for these
. eriormed such t i
five 10 33 yeans uipage, ustng cacpﬂl::;s b(;:]lo}l()ﬂr,r;ongolmd patients,
Foln, and the modificatson of Gould et al, (f;g. 72)rfncro method of
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CHRONOLOGICAL AGE IN YEARS

Tic 70.—17-Ketosterowd values 1 mongohism (31 females, 19 males. for details,
sec text)

on pathology. There is no consistency of abservations wlnch is trne
for each case of mongelism, but the endocrine deficiency raries as
much as the anatomic features and the chinical symptoms.

Figure 70 shows 70 17-kerosteroid values in mongolism (51 female,
19 male) according to chronologic age, placed withun the ranges for
normal males (solid line) and females (interrupted line) These values
lhave been further increased by including 15 results published by
Talbot and co-workers. It will be seen that most of the values lor
children below 15 years of age fall within the normal range, with two
tagh values for males, seven values for females and onc for a male
below the normal range. )

At the age of 15 years, when a gradual transttion occurs in the
nonmal individual through thie maturation of the gonads, most of
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. v
the male values are wilhiﬁn lhelf;;;rlmal mlx‘]‘flc:ll)l()o\li‘gl;tritshl:::l 21‘3'01;:1“):
with only two values of 15 mg /24 hours and a 3 e oy
that three of the female values are above the normal rang .1 o c,;
male distribution On the other hand, 23 of the females

‘l!g a:{ears show values below the normal vfemalc’ mn.gc. ’I;I‘;cl‘:::ua
correspond to those found in normal children between 102 "
years and seem to indicate that there has been an arrest on :\l'pL
puberty level of those glandular ussues which produce the 17-he
ms’(lf;gigs‘_’() shows studies of 17~Lems(cmids.m\d l?-h)dm\ycm:}imids
on 29 pasients, with corresponding creatinine values. (3)!1]" 12 lmu.r
specimens could be collected in some cases, but the 12 hm‘lr speci-
mens appeared usable since no striking differences between night and
day specimens could be observed For comparison purposcs, the ve-
ported 17-hetosteroid and 17-hydroxycorticoid values should be
doulned 1n those cases which are marked *12 hour.”

BLOOD SUGAR AND GLUCOSC TOLCRANCE

The fasting blood sugat values of 51 persons wath mongolism, fve
to 29 years of age, Wwere normal, ranging from 69 to 113 mg. per 100
cubic cennmeters of capillary blood (table 21). However, destrose
tolerance tests an 10 mongoloid cluldren (fig 71} lndicated a detayed
glycemic response There seerus to be a tendency for a late peak, for
a low curte, for a slow return to the fasting level, or for a combina-
tion of these. After three hours, the single curve (9) with a fairly
high peak at the halthour interval was stil} 28 mg above the fasting
level Sugar was not found n the urine of any of these subjects. In a
<ase (4) 1 whnch there was 2 high late peal,, no nrine was voided. Tor
companson, tolerance curies of four controls are presented.

Inasmuch as one can come to a definute conclusion only after ac-
cumulating dara from many cases, five more glucose tolerance tests
of mongolosd children are added herewith (table 22) 1o the 10 cases
above Agamn one observes evidence of delayed glycemic response,
such as a low or late peak or a relatively slow return to the fasting
Tevel, thus confinming Brousseaw's statement tlsa there is a high
sugar tolerance i mongolism However, in two of the three year olds
tested, this evidence does not seem »0 marked. Y
mll( ‘:lvlash :o:sxxd‘t_ired tl\a't the Exton Rose (dwideddos.e, one hour)

ght throw more light on the mechamsm vesponsible for t}
results We have performed such tests on 19 mongolaid pati s,
five 10 33 years of age, using capillary blood, the m%cm mPT“:lms'
Folin, and the modification of Gould et al. (fig. 72). cthod of
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TaBLE 20 —Crealtnine and Steroid Values in 24 Hour Urine Specimens
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1220 | 60 ’ 110 9
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A el I - e Y
— 7
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27 M 811 513 s308  — | 11;1(1) s 0T 3 ;05
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In most jnstances, instead of showing a normal Arnn =foom
secand ka1t 3 -

+u msunn tolerance curves, both of the mongoloid palir:ms and
of the controls, all ndicated fasting levels withm normal range, al-
though three of the control values were lugher than all others {figs.
73,74 and 73) After msulin, with one exception, the blood sugars
responded normally, falling i 20 to 30 mrnutes to about one-half
of the fasting levels At thus point, both the mongoloid and the con-
trol curves promptly rose again. However, two hours after insulin,
when (according to Fraser, Albnght and Smith) the blood sugars
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DEXTROSE FOLERANCE OF NONOOLOID PEFECTIVES

=

P §1usors POT 100 ce Mlood (Folin-mscro)

re 1 2 3 Ry s 3

Fic 71—Dextrose tolerance curves, mongolism and controls The figure ind:
cates delayed glycemuc response There 1s a tendency for late peal, for a low cune,
and for slow return to the fasting level Only cunve 9 shows a fairly high peak at
the half-hour intersal, but 1t also shows a slow return to the fasung level after 3
hours

TAaBLE 22 —Glucose Tolerance en Mongolord Defectstes

Atin after Glucose

Age e e
Sex 0 ! 1w ! ow } o | e !

. { Mo, Mg © Blood Sugar
o R
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Fic 73 ~Gluest, 1nsulin and combined glucose-msultn tolerance tests 1 mon
goltsm compared with the normal In these wo cases of mongolism the effect o

the sugar was stronger than that of the insulin and the combined curyves yan aboss
nermal
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should have returned at least to the fasting level, the control values
were slightly (0 to 12 and 15 mg.) below the fasting levels while the
mongoloid values were, with few exceptions, even lower (13-20 mg).
At the end of two hours, the absolute values of the mongoloid levels
were 63 to 83 and 89 mg. per cent, while those of the controls were
80 to 94 mg. per cent.

At the end of two hours, adrenalin was given intramuscularly.
Normally one would expect the blood sugar to respond during the
following hour by rising considerably above the fasting Jevel. For
four of the controls, this effect amounted to 42, 53, 62, and 67 mg.
per cent, whereas for the mongoloid cases, the rise was 13 to 37 and
42 mg. per cent. During the hour following the admmistration of
adrenalin, the highest actual levels reached by the four controls were
133 to 156 mg per cent, while corresponding levels for the mongo-
loids were much lower—87 to 108, 113 and 123 mg. per cent.

Along with some individual graphs of the msulin tolerance tests,
corresponding glucose tolerance and glucose-insulm tolerance curnves
are also presented The Fraser, Albright and Smith normal curve is
shoswn for comparison (fig. 75)

We can conclude that m 10 of the 11 cases of mongolism, the 1¢-
action to insulin was not unusual. Next, we note that all of the curves
rose promptly after 20 to 30 minutes. Tlus indicates that the re-
sponse to the hypoglycemia was prompt.

At the end of two hours, however, the blood sugars of the mongo-
lowds tended to be definutely lower than when fastng and loner
than the corresponding levels of the controls. It would seem, then,
that the response is more clearly demonstrated by the admimstration
of adrenalin at two hours, for during the subsequent hour, the con-
trol blood sugars rose to values of 133 to 156 mg per cent, while the
mongoloid levels rose only to 87 to 123 mg. per cent.

This decreased effecttveness of adrenalin could have vanious ex-
planations. Comparison of the effect of intramuscular and intra-
‘venous mjections in two cases of mongolism (curves "M A" and
“E.H.”) proves that tlus decrease 15 not duc to stower absorption of
adrenalin from the tissues The mcreases 1n blood sugar after intra-
venous wjection are prompter than those after intramuscular m-
jection, although they are practically ldem.xcal, |{a]ncl)’ 38 s 37 mg
per cent and 22 vs. 23 mg. per cent, respectively The results of intra-
venous injection also tend to rule out explanations based on poor
circulation of the blood Another possibility is that the effect is duc
to some specific defect of the autonomic nervous system resulting
in the failure of the adrenalin to elicit a normal response, According
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to Joediche, mongoloids hate a lessened responsc to many drilll.gs-
However, in their clnical reactions, the mongnlmds. seemed sens nt‘
to both mnsulin and adrenalin, reacting to the nsulin even more :Im.
for a somewhat longer time than the cqnlro]s, ?.\hl\mmg a mi.)n
prolonged period of sleepiness and sweating, an mcrcasc.d temperd-
ture, a desive 1o urinate and, in some cases, tremnr.‘;\(lcr intravenous
injection of the adrenalm, two mongoloids slmwe(.l nnm}‘dmc marhed
temporary reactions such as extreme pallor, gagging, discomfort, fcflf
and accelerated putse Thus both the insulin and the adremalin clic-
1ted definite Tesponses. i

A possible explanation of the relative ineffectiveness of the adrcn‘m
Lin 1 mongolism 1s that it is due to insufficient stores of glycogen in
the ltver and 1nabulity of the hner to release these siores The former

Yleu ¢ savmmeead b most
Ty
1o

UILcapunasiitss Untledsed Sugar tolerance).

Whaile the msulin tolerance ¢urves as a whole indicate a tendency
to a umformly decreased ability of the mongoloid organism to raise
the blood sugar levels, the glucose tolerance cun es are as variable and
unpredictable as sn acromegaly. According to Fraser et al, in acro-
megaly thus varabiluy 1s due wn part to the combined effects ol in-
creased growth hormone of the prtwttary lowering the blood sugar,
and sometimes a compensatedly mcreased glycotropic hormone, re-
sisting the tnsulin action

Lquesuon whether the high glucose tolerance curves in acromegaly
may not be due 1 part 10 a decreased alnlity of the huer to store
glycogen, thus function having suffered from the originally low blood
sugars, owing to excessive thyroid hormones In considering the
causes of a hypothetical liver deficiency m mongohism, since there is

decreased responstveness to both byperglycemiz and hypoglycemia,
1t 1s suggested that the corticotroptc hormone of the pituitary and the
adrenal cortical hormone are 2

t fault. The latter hormao i
ne, which

¥ stmulated by the former, 15 the resulatnr of -1 '

and -

. ~ sy WIOUU SUAT levels to be with

. ] g Ji e within
ormal himits However, she notjced an unusually wide range of
‘alues Thirteen per cent ¢ tloo

of the 1 1 i
Sugar under 60 T por ceon ()?\\ 27 patients had a fasting blood

Y 3 per cent h: i
sugar greater than 120 mg per cent pF -ei N e g boad
g greater g p - Forty-eight per cent of the
ance cutves were found to fall withun normal Lnmiv
s
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In the other 52 per cent that were abnormal, three configurations
were noticed. One abnormality consisted of a very lugh peak in the
blood sugar level following the intravenous injection and then a fall
to the fasting level within 60 minutes. Fifteen of the abnormal cunves
showed a high peak in the curve following the intravenous glucose,
with a delayed drop to the fasting level. Forty-one of the abnormal
tests consisted of a delayed drop to the fasting level without a high
peak. Runge also found that.

The galactose tolerance test is abnormal jn a high percentage of Mongoloids
with abnormal glucose tolerance tests The insulin tolerance tests in such patients
show a delay in return to initial level, The epinephrine tolerance test shows
@ suggestion of decrease in response to epmephrine with increasing age

These new observations add further evidence to the conclusion
that the high percentage of abnormal curves indicates the great num-
ber of individual cases of mongolism that are associated with a wide-
spread metabolic disorder. Taken together with the pathologic obser-
vations and other biologc tests, there is evidence that the “molecular”
disorder assoctated with mongolism often manifests itself in carly
fatty degeneration of the liver, anomalies of the adrenals, abnormal
thyroid functioning and gonadal dysfunction. The frequent dis-
turbance of general fat metabolism with obesitas 1s well known. The
sugar tests 1 individual cases may be helpful m gaming further
insight as to which organ systems are espectally inadequate in each
specific instance

BASAL METABOLISM

The importance of basal metabolism in hypothyroidism and
cretinism 15 so well established that there is no need to discuss the
matter in detail. In cretimsm the values range usually between —20
and —50 per cent. It 15 noteworthy that the lowenng ol the meta
bolic rate seems frequently less pronounced mn thyroidaplastic con
genital cretins, while the most outstanding values are scen i post-
operative or spontancous myxedema of adults, A few values which
corroborate those publishied by others are reported in table 23 and 1
figure 76. Results n mongohsm are also reported in table 23 and ad-
ditional ones in figure 76 The metabolic rate is definitely lowered i
mongolism and falls between the level of normal living and cretinisur.

Results

When based on the Mayo Foundation standards, the basal meta-
bolic rates of 25 persons with mongolism were on the minus side
(table 23). None werce plus, 8 were between 0 and —10 per cent, 8

g
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"TaBLE 23 —Basal Metaboltc Rales of Persons wilh Mongolism®
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In the other 52 per cent that were abnormal, three configurations
were noticed. One abnormality consisted of a very high peak in the
blood sugar level following the intravenous injection and then a fall
to the fasting level within 60 minutes. Fifteen of the abnotmal cunes
showed a high peak in the curve following the intravenous glucose,
with a delayed drop to the fasting level. Forty-one of the abnormal
tests consisted of a delayed drop to the fasting level without a high
peak. Runge also found that:

The galactose tolerance test is abnormal in a lugh percentage of Mongoloids
with rbnormal glucose tolerance tests The insulin tolerance tests 1n such patients

show a delay 1 return to initial level The epinephrine tolerance test shows
a suggestion of decrease in response to epinephrine with increasing age.

These new observations add further evidence to the conclusion
that the high percentage of abnormal curves indicates the great num-
ber of individual cases of mongolisin that are associated with a wide-
spread metabolic disorder. Taken together with the pathologic obser-
vationsand other™ ~ ° - Tt v “molecular”
disorder associate . . self in early
fatty degeneratior . . \ls, abnormal
thyroid functioning and gonadal dystunction. The frequent dis-
turbance of general fat metabolism with obesttas is well known The
sugar tests in mdividual cases may be helpful m gamnmg further
insight as to which organ systems are espectally inadequate tn each
specific instance.

BASAL METABOLISM

The mmportance of basal metabohsm in hypothyroidism and
cretinism is so well established that there is no need to discuss the
matter in detail. In cretimism the values range usually between —20
and —50 per cent. It 15 noteworthy that the lowering of the meta-
bolic rate seems fiequently less pronounced n thyrodaplastic con
genital cretins, while the most outstanding values are scen i post-
operative or spontancous myxedema of adults .\ few values which
corroborate those published by others are reported in table 23 and in
figure 76. Results m mongohsm are also reported in table 23 and ad-
ditional ones in figure 76. The metabolic rate ts definitely lowered in
mongolism and falls between the level of normal living and cretimsm.

Results
When based on the Mayo Toundauon standards, the basal meta
baolic rates of 25 persons with mongolist were on the minus side

(table 23). None were plus. 8 were between 0 and —10 per cent, 8
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Txsee 23 —Basal Metabolic Rates of Persons with M1 ongolism®
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Fic 76 —Rlood serum cholesterol m mongolism (black dots) and cretimsnt
(crosses) and their relation to basal metabolie rates The average scrum cholesterol
level in mongolism 1s between 180 and 280, with some values between 110 and 180
and a few svalues above 300 The metabolte rate 1s on the minus side, the mr
Jority of cases between —10 and —20, with seseral values between 0 and —10 and
a few values below —20 The cholesterol values tn crettmsm are usually abme
300, but the figure shows that three values 1 cretn babies were between 100
and 200 The metabolic rate in cretunism 15 below —20, with the majority of cases
bLelow —30, but there 15 a definite overlapping m the cholesterol values and the
metabolic rates hetween mongohsm and cretimism

ranged from 11 per cent through —15 per cent, and 9 were below
—15 per cent. The calculations based on the Talbot standards for
children gave different results With use of the weight standards, 4
of the rates were on the plus side, and only 4 were below —15 per
cent (excuding subject 24, an adult) When the Talbot height stand-
ards were used, all rates except 1 (—17 per cent) came mto normal
range In contrast, all calculations for 3 typual cretns, mterpolated
because of the patients’ small statures, were below normal Inmits,
whether based on Mayo Foundation standards, on Talliot weight and
Talbot height standards (although 2 subjects were adulisy or on
Harris-Benedict standards

Pennacchietn, who advanced the theory of hyperthyrodism s
mongolism, has reported a few metabol rates which do not support
his view. Although his results are on the plus sude, all are within ac
ceptable normal limits, especially 1f one considers the duliculty of
attaining a so-called basal condtion in young children. Calculations
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from his data gise a percentage of 10, +.l(\,‘+l~!, 410, 48, and
417, tespectively. In contrast t0 Pennacchienti's values, ous salues
were all on the minus side

Brain Metabolism

Very litle emphuasis has been placed on hmi'n \Ixctnlm\im\ Un-
fortunately, no histochemucal studies of the brain tissue have come
to my attention Himich et al. reposted that a constant supply f‘l
energy, obtamed from oxidation of various foodstufls, must be avail-
able 1 an organ is to function properly. In contrast to some body
tissues like muscle which can oxidize fat when carbohydrate is not
mailable, cerebral metabolism depends entirely on carbolydrates
as 15 foodstuff. The brain can no longer carry on when depriscd of
thus single source of energy, and coma 1s apt to set in, The brain
Temoves large amounts of carbohydrates from each circniamion—esi-
mated to be about 14 § mg per cent for human subjects. Sinre there
is but little reserve at ats disposal, it depends directly on the blood
stream lor its constant 1ood supply The oxygen consumprion of the
adult hyman bram 15 743 1ol per cent. Evperiments with tnsulin
shock therapy emphasize the fact that anexia and hypoglycemia ex-
ercise the same effect 1 depressmg brain metabolism  Low blood
sugaT acts, therefore, Like anoxia on the central nervous system,

Himwich and co-workers studied the cerebral metabolisw in 63
mongoloid individuals In the first communication they reported
a reduced consumption 1 mongoloid anfants and adults, Howerer,
later studies twew doubt on the validity of these observations At

present no reliable studies of bram metabolism in mongohism are
inanlable, nor have any studies of the tissue chemistry of the mongo-
oid system been carmed out. °

The situation 15 greatly complicated by the fact that children witys
tongemial heart defects often show cerebral anomalies dye to anom-
alies of ercutanon, Many mongolowds have 2 fast pulse rate and a
ety thon marrow vascalar tree This creates differences in rates of
arculation and absorption which are not yet fully understood ©0
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Fio 76 —Blood serum cholesterol 1 mongohsm (blatk dots) and eretmumt
(crosses) and their relation to basal metabolic rates The average serum cholesterol
level in mongolism 1s between 180 and 280, with some values between 140 and 180
and a few salues abose 300 The metabolic rate 1s on the mnus side, the ma
jority of cases between —10 and =20, with several values between 0 and —10 and
a few values below —20. The cholesterol values i cretimsm are usually above
300, but the figure shows that three salues 1 creun babies were between 100
and 200 The metabolic rate m creunism 1 below —20, with the mjonty of caxs
below —80, but there 1s a defimte overlappmg i the cholesterol values and the
metabolic rates between mongohsm and creunism

ranged from —11 per cent through —15 per cent, and 9 were below
—15 per cent. The calculations based on the Talbot standards for
children gave different results. With use of the weight standards, |
of the rates were on the plus side, and only 1 were below —15 per
cent (excuding subject 24, an adult) When the Talbot height stand-
ards were used, all rates except 1 (—17 per cent) came mto normal
range. In contrast, all calculattons for 3 typical cretins, interpolated
becanse of the patents’ small statures, were below normal hinuts,
whether based on Mayo Foundation standards, on Talbot weight and
Talbot height standards (although 2 subjects were adults) or on
Harris-Benedict standards,

Pennacchictty, who advanced the theory of hyperthyrouhsm
mongolism, has reported a few metabolic rates which do not support
his view. Although his results are on the plus side, all are withun ac
ceptable normal limits, especaally if one considers the difliculty of
attaining a so-called basal condition i young children. Calculations
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o, with the Tesult that the bran shous not only some dev elopmental
anomalies but a severe lack of maturation of the nene cells and of
myelmation Yet 1t is not these organs alone that are at faut: f‘ ery
system of ectodermal, mesodermal and endodermal origin shows the
same underdeselopment

Hence the conclusion s offered that not the organ systems but the
cellular composition of the organism is inhibited in development
and function. In mongolism we deat witha general cellular pathology
which prohibuts proper functioning of the organism and prevents
the cluld afflicted with this condition from reaching full maturity
in the prenatal period or ever afterwards

Before discusstng the possible explanations for such a deep seated
duorder, we may consider figure 3 (page 10), which pictures the pre-
natal dex elopment of a mongolowd child compared with the normal.
As may be seen, the mongoloid chuld goes through a fairly normal
“otganogenenc” period m the first weeks of fewal development, and
then {at about 4 to 5 weeks) derelopmental deceleration of mncreas-
ing seventy takes place, remaiming noticeable throughout life. The
anomahes of the heart, bratn, bones, dentihion—to mention only a
fen—can be traced back 1o the second month of fetal developmem,
when they first became apparent.

Most physicians and mvestigators who discuss mongolism em.
phasize only its negatne aspects and 1ts many anomalics, but it is also
mpottant to .Itllile that the child with mongohsm 15 normal in
many respects” Why 15 1t that so few obstetncians are able to make
a‘dxa;.'nc'sls of mongolism at the ume of delivery of a mongoloid
chald W hy are only a few well-tratned general practitioners or spe-

ciabists able to recognize mongolism before 1ts mamifestations become
more apparent—ofte:

n several years after birth? Obviandy a3 1
Qtse tha mmm~et 1
ather 3 . i
mOSI((‘: . el WALLLLRONG—enma [
- sUnZUILIL LIEW L
that the hies of T o \botn With normal babies
<cal anomalies are

2 le (unless other plyysi-
present such as polydactylism, eleft pal.
§ 3 alate, webb,
f:[f;'ﬁ:md 10€8) "'ghcn the remarlable lack of matu&non slxme:g
. oran “illfinished” cluld The mongoloi ner
e d goloid baby 15 not m v
a;:‘x:alm‘c cluldlbut one in whom certain feta] Eea(z’u-es have ::r:elx)m
and gronth decelerated. Of course, i
ated. , the dete i
start of the abnormal development does not ot the ey the

imply that the causes of
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THE PROBLEM OF GENETIC FACTORS

The etiology or causation of mongolism has been a matter of much
debate smce 1866, when Langdon Down wrote his classic description
of the condition. LEvery explanation emphasizes a different aspect of
the disorder, resulting in many different constructs of etiology. This
spectrum of opinion implies a failure to first establish what mon-
golism actually represcnts. We cannot expect to find the etiologic fac-
tors before we know the type of pathology underlying the abnormal
condition. Are we dealing with an organ deficiency, as in cretinism
m which the pathology 1s due to aberrations of thyroid structure and
function? Are we dealing with a metabolic process, as in phenyh
pyruvic oligophrema or the amanrotic idiocies, in which certain er-
rors m metabolism are the cause? Or are we dealing with a malforma-
tion of a specific nature, as in cleft formations, myelomeningoceles, or
other developmental disorders of the central nervous system? Answers
to these questions had to be found before a successful search for the
etiology of mongolism could be undertaken.

Our research over the last 25 years has established beyond doubt
that mongohsm is a prenatal growth deficiency m which central
growth regulation is at fault. The child with mongolism suffers from
a deceleration of growth during the prenatal period which results
in a highly complex, multidimensional disorder an which every organ
is involved. In our extensive studies of o1gan pathology, we have been
able to demonstrate that in the postnatal penod the endocrine organs
are at fault, with resultant anomalies in pituitary, thyroud, adrenal,
gonadal and liver function We have shown that the accumulation
of eosinophilic cells in the preuntary, so often seen in this condition, is
apparently due to an accumulation of growth, thyrotropie and adreno-
tropic hormones which cannot be properly discharged hecause the
target organs do not respond adequately At the same tme we have
established that faulty pitaitary funcuon as apparently due to the
severe dc\'dupmcnml disorder of the central nersous system, whah
exhibits failure of proper development from carly embryonie stages

s
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on, with the result that the bram slhiows not only some dev elopmental
anomalies but a severe lack of maturation of the nenve cells and of
myelination, Yet it is not these organs alone that are at fanlts every
system of ectodermal, mesodermal and endodermal origm shows the
same underdes elopment.

Hence the conclusion 1s offered that not the organ systems but the
cellutay composition of the orgaism is inhibited in devclopment
and function In mongolism we deal with a general cellular pathology
which prolubits proper functioning of the organism and prevents
the chuld affucted with this condition from reaching full maturity
in the prenatal period or ever afterwards

Before discussing the possible explanations for such a deep-seated
disorder, we may constder figure 3 (page 10), which pictures the pre-
natal development of a mongolowd cluld compared with the notmal.
As may be seen, the mongolowd cluld goes through a fairly normal
“organogeneuc” pertod in the first weeks of fetal development, and
then (at about 4 to 5 weeks) developmental deceleration of increas-
mg severity takes place, remaming noticeable throughout life. The
anomalies of the heart, brain, bones, dentition—to mention only a
few—can be traced back to the second month of fetal deselopment,
when they first became apparent

Maost physicians and 1nvestigators who discuss mongolism em-
Eﬂmme only its negatn e aspects and its many anomalies, but it is also
"‘:;}:g’n:esm to fea}ue that the cluld with m_ongolxsm is normal in

pects” Why 15 1t that so few obstetricians are able to make

a duagnosis of mongolism at the time of delisery of a mongoloid
€ld> Why are only a few welltramed general practitioners or spe-
cualists able to recognize i

before s it ions t
T ns become
more apparent—aften several years after birth? Obviously 1t is be-
cause the mongoloid nevwhnre A--- -
other newborn babies?
most of the

severe con )
vty .
FTPRVAFRIN YR TN i babics
that the . " ; 13 newborn with normal babies
are rec bl
<cal anomalies are

{unless other physi-
present such as polydactylism, cleft palaty
2 3
;l::‘e:man;lr tc:]ei).“"lﬁ"hen lhf remarhable Jack of mztm‘i.niorﬁ :::v‘z)r‘;:t‘:
- ‘mm;“mae hl\d glshed child The mongolaid baby 1s not rr?:rel
e c : ut one 1n whom certamn feta) features have beez
e growth decelerated Of course, the determination of th,
he abnormal development does not imply that the czlusesl oi
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ETIOLOGY

THE PROBLEM OF GENETIC FACTORS

The etiology or caunsation of mongolism has been a marter of much
debate since 1866, when Langdon Down wrote his classic desaription
of the condition. Every explanation emphasizes a different aspect of
the disorder, resulting in many different constructs of etiology. This
spectrum of opinion implies a failure o first esmblish what mon-
golism actually represents. We cannot expect to find the etiolozic fac-
tors before we hnow the 1ype of patholosy underlying the abnormal
condition. Are we dealing with an organ deficiency, as in cretinism.
in which the pathology is due to aberrations of thyroid structure and
function® Are we dealing with a membolic process. as in phenst
prravic oligophrenia or the amaurotic idiocies. in which certain er-
roTs in mewabolism are the cause? Or are we dealing with a malforma-
tion of a specific nature, as in cleft formations. mvelomeningoceles. or
other developmental disorders of the central nen ous system? Answers
to these questions had to be found before a successful search for the
etiology of mongolism could be undertaken.

Our research over the last 23 vears has established bevond doubt
that mongolism is a prenatal growth deficiency in which central
growth regulation is at fault. The child with mongolism suflers from
a deceleration of growth during the prenatal period which resulis
int 2 highly complex, multidimensional disorder in which eserv organ
is involved. In our extensive studies of orzan patholony. ne have been
able to demonstrate that in the posmatal period the endocrine organs
are at fault, with resultans anomalies in pitnitary. thyroid. adrenal,
conadal and Ihver function. We have shown thar the accumulation
of eosinophilic cells in the pituitary. so often seen in this condition. 1s
apparently due to an accumulation of growth. thwroropic and adreno-
tropic hormones which cannot be properly discharged because the
target organs do not respond adequarels. At the same time we have
established that fanlty pituitary funcoon is apparents due to the
severe developmental disorder of the central nenvous sy«tem, which
exhibits failure of proper development from earlv embryonic stazes

2



191
ETIOLOGY

cerain conditions: (2) Unless we deal with a s'cx‘lmkcd rcclc;ntlc.
gene, paternal and maternal factors are of equal m\}mnau.cc.“ [ .:‘
though not every child 1s affected, the more numerats the o sprlll{-l!‘,
the more likely that more than one cliild will be nl'[cgcd. (c)'
heredhitary disorders due to recesshve genes, consanguinity l)‘cl\\cclll
parents is found more frequently than in the control pt.)puh('mn. 5( )
QF wins, manozygotic twins are alnays concordant, dizygotic twins
enher discordant or concordant according to the penetrance of the
Tecessive gene . X

Needless to say, studies of several thousands of familics in _\\'hlch
2 mongoloid chitd has been born have provided conclusive evidence
that hereditary-genetic factors can be excluded in mongolism. :_\l«
though a second mongoloid 15 occasionally observed in a fawmily
{abont one ynstance w100 families with mongolisw) and a lew
famuhies are hnown to have three mongoloid chuldren, the constella-
tion of such muluple occurrences is so rare and so different from
other hereduary-genetic disorders that another interpretation must
be sought for these cases

The avmlable material 15 so conclusive that it is no longer necessary
to discuss hereditary-genetic factors, Even Penrose states that “The
reasons for rejecting any sumple Mendelran explanation, as envisaged
by Mackim (1919} are evident.”

Gene mutations occur occasionally, crea

iies Tt 1s not likely hawmer ¢hae ~
occur with

concordant

g individual abnormal.

Which disst . we wvun, waie ana temale, are affected), the explana-
tion of a spontaneous mutation 1s far-fetched As Jervis pomts out:
1€ exclusnely ) factors are op the prop ol d
dingotic tains to discordant duzrygotic twins should be reasonably close to the
Proporion of mbships with tho members affceted 10 sibsheps with only one
member aflected  Although relable data cancerning the madence of famihal
"7mngohml are scanty, one may reasonably assumt that no morc, and probably
‘:;“xmn :, per cont of aflered sibabips show more than | mongolond “The pro-
o of concardant dinygonc twims 1o discordant di ins i
9 otic twin
cent or 7 imes, and probably more, . A

discrepancy appears significant 1t
are present

the wadence of (vial mongohism This
ould suggest that other than geneu factors
Twin rescarch

has been the man i

nanstrument of genetic resea
rch

W recent decades, and 1ndeed many genetic questions hav

» : ¢ been de-

nl;ll:l anly through adequate Imestigations 1 twinning. Unforty

o ¥> 1 spite of a large number of Teports on mongolowd twins, th
enations are inconclusine in many vespects, $e
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the anomaly must be sought at the same time. Actually we hase to
assume that something had happened to the organism before’the
onset of the abnormal manifestations, and it is quite possible that
deceleration of growth at that time occurs because of cellular de-
fects which can be traced back to the time of fertilization or even be-
fore.

For an understanding of such a deep-seated cytoplasmic disorder,
four mamn theories have been advanced: (a) hereditary-genetic, (b)
spontaneous gene mutation, (c) fertilization of an “over-aged” ovum,
and (d) extrinsic environmental factors interfering with fetal de-
velopment. To clarify the situation, a more adequate etiologic evalua-
tion may be presented in the following:

Pertod of damage Efiect
1 Preconceptual Genetic disorder anomahes of gene function— (a} heredr-
tary, (b} spontaneous mutation
2 Time of conception Zygotic disorder anomalies of fertilized ovum—(a) chromo-
somal, (b} cytoplasmic
3. Gestation 1 1 disorder lies of Joping fetus—

{a) nutritonal; (b) mfectious, (c) anoxemic, {d) others

As may be seen, genetic disorders (anomaltes of genes) may be due
to two different causes: the transmission of abnormal genes from
ancestors (hereditary disorders) or the mutation of genes which o¢-
curs for the first time in the afflicted individual. Genes are uni't
processes or umit determiners, rather than unit characters. In chemi-
cal terms, a gene is considered a nucleoprotein, probably a molecule
or even less. Its action 15 a specific oxidation or catalyzing process,
similar to the action of enzymes or viruses. It 15 quite possible that
enzymes, now better understood as the most fundamental catalyzing
agents, are represented by genes These fundamental enzymatic ac-
tions which determne the specific development of an organism are
transmitted through genes, linked together in a chromosomal mole-
cule. There are genes postulated for practically every biologic unit-
action. In a series of brillant mvestigations, genetic scientists have
demonstrated that genes are side chains on the chromosomes. The
chromosomal bands are formed from the chromatmn of the nucleus
when the cell or gamete (sperm or ovum) undergoes cell cleavage.

It is unfortunate that investigators who discuss gene anomalics
do not distinguish clearly between hereditary disorders and gene
mutation, and often imply that any gene anomaly must be due to
hereditary transmisston. Thus it has been suggested by a number of
investigators that mongolism is due. 10 a recessive gene.

Hereditary disorders due to recessive genes become manifest under

L
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prisingly, they found that tl\c_ normal co-twins \\'c;:c mor[e ‘:g;!(:;'lll.
or less stigmatized than is claimed for yom}ge.r s1b! mgs( 0‘ ) “‘Dm.
oid pauents 1 have always quesum')cd the significance of t |e5t ;nme
twe expressions of mongohsm, which are supposc(l' to 15“3@5( Tnor
embryonic valnerability. The study of normal co-twins does n'u

such interpretation, but it also seems to suggest }hat the advetse en-
vironmental factors which produce one mongoloid chgld are not gen-
eral enough to impair the development of the co-twin. 1f pqrxsmuc
factors ave imolved, they must be related to the affected child and
s immediate environment during the time of gestation. .

OF the many publications on twin pairs in which one or two chil-
dren are affected, the publications of Allen, Baroff and Kallmann
are of special interest since they deal with 33 well studied twin pairs in
mstitutions of the State of New York in winch all twins among }l\c
retardates have been reported The study shows that mongolism
does not occur more frequently among twins Actually, among the
total admissions to New York State Schools there were 2 59 per cent
twins among the undifferentiated and familial cases while only 1.95
per cent were found among the mongolmds. This frequency 15 m
contrast to the much higher percentage of twinning in the cerebral
palsy group (3 86 per cent) and the post-traumatic (birth injures)
group, n whuch 5 02 per cent were found.

Considering the conditions under which twin pregnancies occur,
the em jronmental factors in twins are often quite different. Not only
do the places of implantation differ (one ovum may find a “place in
the sun” whule the other 1s pushed aside [fig 77}), but the formation
of the embryomic mantle 1s greatly influenced by condations created
by the favorably placed ovum There 15 evidence that twin preg-
mancies occur under many difierent conditions, Nomdentical twins
:nay be due to two ova, released at the same ume from the same owum
"1\1; :)\‘\g l{,;\rﬁﬁzn follicles, or from the same follicle, or even from
e (rome:%:‘e germ cen(;:r But they may also be due‘ to ova
oy v t?\anes, and may even be fertilized on different

sions The arnival of the two fertilized ova 1 the uterine cav
may duffer by several da

l[y
ys, and the second ovum may find the ut
Tucosa 1n a state of rea Y anki

f ne
ction to the first ov g

able to a new nidauon st ovum and entirely unfavor-
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Twins, in the human species, are considered to come from two sources The
first group occurs as the result of the complete clearage of one fertilized ovum and
the development of two separate indiwiduals. This type of twinning is called
“enzygotic” or “monozygotic,” because the twins have deseloped from one zjgote
or fertilized ovum. Other terms that are used are “uniosular,” “similay,” and
“identical.” These twins are always of the same sex and show 1denucal color of
harr and of eyes, the same blood groups, the same patterns of the hand Imes,
and many other mmor detajls In the vast majority of cases they dexelop from
one placenta and have the same fetal membranes The second Kype of turns
is produced through fertilization of two ova at the same time, both ova comng
erther from the same ovary or from scparate ovaries These twins are alled
“dizygotic,” arsing from two zygotes They are also called “binovular,” “dis-
similar,” and “fraternal.” These twins, who happen to be born at the same
time, rescmble each other as much or as hutle as any pair of siblings do They
may be of the same or of the opposite sex They will differ in many ways and
may have no more in common with each other than any two chuldren of the
same p:lrcnls

In a group of 90 pairs of twins, 60 may be expected to be of one sex and 30
of opposite sex The twin patrs of opposite sex are undoubtedly dizygotic, Tl!e
Temaining 60 pairs of twins of one sex hase 1o be divided 1nto monozygotic
and dizygouc According to estimates, one-half of these 60 pairs are likely to be
dizygottc and one-half monozygotc *

I a pathological condition 15 found i both twins, the condion i called
“concordant * If the condition 1s present in only ove, 1t 1s called “discordant 4

It is impossible to determine exactly how many observations on
mongoloid twins have been reported. @ster states that “97 instances
of mongolism in one (79) or both (18) twins have been described in
the literature” (page 126) However, not all these cases were thor
oughly analyzed. The results of all observations can be summa-
rized in the statement that all pairs of monozygotic twins have been
found concordant; but two definite cases are hnown in shich twins
of different sex, and therefore dizygotic twins, have been concordant,
and there are 2 number of ather concordant twin pairs (at least six)
in whom dizygoticity 1s recognized by the genetic experts.

Thus, as mentioned before, the observations are against a theory of
spontaneous mutation and favor a zygotic deficiency or adverse factors
at the time of the earliest cleavages. In this respect, another aspect of
twinning which seems of great interest has been discussed extensnely
by Gordon Allen and George Baroff: “When only one member of
a twin pair is mongoloid, does the co-twin carry any stigmata that can
pe attributed to the same cause as his partner’s mongolism?” Sur-

* Of course, the actual distribution in a populauen differs from this theo-
retical number Since twinming also increases with .—ndmprcd age rof the mothel,
: N oo N T 1w Baroff,

per cant
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been reported jn which the father had been exposed to some damage
to his progemtne system (testicular tumors, radsation damage or
others) Some of these cases cannot withstand critical analysis, and
others do not exclude mere coincidence. On the other hand, certain
characteristics 1n the mother repeat themselves with such frequency
that they must be considered of definite significance.

A senes of imvestigations which culminated in a study by Adrian
Bleyer, based on the matenal of 2822 cases in 1928, gues evidence
that the age of the mother plays an important role in mongolism,
The average age of the mother at the tume of the birth of a mongoloid
child was found to be more than 10 years tugher than the average
maternal age at the time of birth of two million children who were
born m the United States in 1934. More than 50 per cent of mothers
were beyond the age of 35 when their mongoloid cnld was born.
Figure 78 shows the age of 255 mothers of mongoloid children of the
Wrentham material This chart confirms earlier observations that

controcs ] moncorows Ji
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A B [

Tte 77 —Three forms of twin pregnancies, demonstrating possible differences
i position and nutritional environment (4) Twms with two placentas and
two entirely different amniotic sacs The night twin has a {avorable nidauon 1
the upper segment of the uterus and can be born by normal delivery The nida-
tion of the left twin 1s near the onfice and may lead to placenta pmeu’a The
left twin may be born by breech presentation He may be much smaller thtn the
night twin, compressed and damaged, and may develop cerebral palsy or other
anomalies (B) Twin pair with one placenta but two different sacs and separate
nutrittonal supphies The right twin will be born by breech presentation becanse
version 1s unlikely One of the twins may grow better and be considerably better
developed than the other twin, (C) Fraternal twins with one placenta and ont
amniotic sac. However, nutniional conditions can vary to a great extent esen
n thrs pair

antigen M and the other MN The father's blood showed the group AB and
factor N Experiments and testings, carried out independently by chree experts
provided scienufic proof that the alleged father could not be the father of on¢
of the twmns and that, therefore, superfecundation, or jmpregnation of a sccond
ovum matured m the same ovulation cycle, can exist m humans [Heberer]

PRENATAL MATERNAL FACTORS

While a hereditary-genetic disorder and a spontaneous gene muta-
tion can be excluded as causes of mongolism, we and other invest-
gators have accumulated a wealth of material which indicates that
the condition of the mother—either at the time of conception or
shortly thereafter—1s responsible for the occurrence. Which moment
in the development of a child is more suspect shall be discussed 11t
the third sectron. At this point we will present certain characteristics
of the material in more detail.

It may be mentioned briefly that a study of the two variables iv
the etiology of a mongoloid child—the paternal and maternal germ
plasm-indic;\tes that no consistent anomalies on the part of the
father have ever been found, although single cases have occasionally
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been reported in which the father had been exposefi to some damage
to his progenitne system (testicular tumors, m(}lguon dam?ge or
others). Some of these cases cannot withstand critical analysis, ax}d
others do not exclude mere coincidence. On the other hand, certain
characteristics in the mother repeat themselves with such frequency
that they must be considered of definite significance. .

A sertes of investigations which culminated in a study by Adrian
Bleyer, based on the matenal of 2822 cases in 1928, gives evidence
that the age of the mother plays an important role in mongolism.
Theaverage age of the mother at the time of the birth of a mongoloid
chuld was found to be more than 10 years higher than the average
maternal age at the time of birth of two million children who were
born m the United States in 1934. More than 50 per cent of mothers
were beyond the age of 35 when their mongoloid child was born.
Figure 78 shows the age of 255 mothers of mongeloid children of the
Wrentham material This chart confirms earlier observations that
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A 8 c
Fic 77 ~Three forms of twin pregnancies, demonstrating posstble differences
1 position and nutritional environment (d) Twins with two placentas and

two entirely different amniotic sacs The right twin has a favorable nidauon 1
the upper segment of the uterus and can be born by normal delnery The nida
tion of the left twin 1s near the orfice and may lead to placenta praevia The
Ieft twin may be born by breecl, presentatton He may be much smalier than the
nght t\Ym, compressed and damaged, and may develop cerebral palsy or other
anomalies (B) Twin parr with one Pplacenta but two different sacs and separate
nutritional supplies. The rght twin will be born by breech presentation because
version is unlikely One of the twins may grow better and be considerably better
developed than the other twin (€) Fraternal twins with one placenta and one
ammotte sac. However, nutnitional condiuons can iary to a great extent £y en
m this pair

antigen M and the other MN The father's blood showed the group AB and
factor N Experiments and testings, carried out mdependently Ly three experts,
provided scientific proof that the alleged facher could not be the father of one
of the twins and that, therefore, superfecundauon, or mpregnation of a sccond
owvum matured in the same ovulatton cycle, can exsst 1 humans [Heberer]

PRENATAL MATERNAL FACTORS

While a hereditary-genetic disorder and a spontaneous gene muta-
tion can be excluded as causes of mongolism, we and other investl-
gators have accumulated a wealth of material which ndicates that
the condition of the mother—either at the time of conceptiont or
shortly thereafter~1s responsible for the occurrence. Whicly moment
m the development of a child 15 more suspect shall be discussed in
the third section. At this pownt we will present certain characteristics
of the material in more detail.

It may be mentioned briefly that a study of the two varables 1n
the etiology of a mongoloid child—the paternal and maternal germ
plasm—~indicates that no consistent anomalies on the part of the
father have ever been found, although single cases have occasionally
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Taste 24 —Order of Burth sn 3,316 Mentally Defectie Public Schol Children
swals Conbned to Families with One 1o Nine Chuldren
(D:

ay ton)
S I i e G
of ment_def
ohld 2 s 1 5 6 1 ] s
[N W 0 TG S NN B S S e v
1 0o | 193 | 100 | 1s6 | w0 |9 | 77| 0| 16 1,18
2 ) s | va6 | st | use ) 123} s | os6 | 3 918
3 T b e e | a7 Lo | oss | a2 W 725
1 [ T R It BT T L L O 7
5 Tl | =] | | s 67| 2 381
8 JERR N S U B O L R O 289
7 [ I B L e T LA LR 170
& [ R B e e B I A 95
i -t -1—=-1- — -1 =12 2

Total 2090 | 368 | 469 | 558 | 647 | 618 577 | 493 | 377 4,316

Tapix 25 —Sibimgs Born Before and Subsequent o Burth of Mentally Defechire
Child, by Sze of Family
Sucatfumly | Totat eblngs born | Spings bort

Siblngs born
bejorepatent | Peuestafected | Sper panent

1 209 0 200 0
2 736 1S 368 193
3 1,407 112 169 526
3 2,03 780 558 801
H 3,235 1,147 647 1,441
6 3,108 1,816 618 1674
7 4,00 1,100 577 1,762
13 3,014 1,718 101 1,673
9 3,308 1,591 3 1,425
Total 22,908 8,999 4,316 9,588
Per eent i w2 88 )

Table 25 shows the number of siblings born before and afte
I:eg(l)a‘l)ly deficient ctuld by suize of (am\ly?\\’e note that 8399 :lul:lc‘a‘:\e
'l;%% .m];e‘rscent, were born before the mentally defective cluld zm(i
Mcn’m . ‘ per cent, afternards This is very close to the expectation
e efect av a (haractenstic does not appear to be associated
u;:];;y:z; particular {hs{turbance of the birth order.
er 10 provide further material for direct comparison,
lstli lleh;: t‘mler of birth of 255Afecble-minded children i‘:l the \\"::\;idm
hool Al had been diagnosed as familial mental defect. Count.
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many mongoloid children are born to mothers beyond the age of 35
Instead of a comparison of the material with normal clnldren, a com-
parison with the ages of mothers at birth of mentally defective chil-
dren of another type was made. These cases had been diagnosed as
familial or germ plasm defect. The differences between the two
groups were striking. Most of the mothers of familial mentally de-
fective children were below the age of 30 and only 3 per cent were
over 40 years, In the mongoloid group 27 per cent of the mothers were
over 40 years.

Age, however, cannot be the only factor 1n producing mongolism,
because 107 of the 255 mothers in this group were under 35 years of
age. Thus, about 41 per cent of the mothers were in an age group
(under 35) which is favorable for childbearng. Although a maternal
age of over 35 years may favor the occurrence of a mongoloid child,
it is clear that the factors which produce mongolism are not wntariably
linked with age.

Birth Order

Whether the condition of the mother or a gametic factor 1s re-
sponstble for mongolism may be answered by a study of the birth
order of the mongolotd chuld.

The birth of a mentally defective child in which the defect 15 due
to germunal deficiency may be expected to occur at any place 1 the
line of siblings It is well known that defectives of the familial type
occur as first children, in the middle of the family or as last children
Apparently the birth of the mental defective has no mfluence upon
the ability of the mother to have more children Here we are dealing
with a problem of genetics and expect no disturbance of the birth
order. (On the other hand, if a pathologic condituon of the mother
were the cause of a defect, we would expect a difference between the
number of siblings born before and the number born after the af
fected child ) In some famihes, the affected sibling may be born first,
in other families last. However, these differences will cancel each
other in the long run, and the findings will show a balance ol siblings
born before and after the affected child.

As Dayton has shown previously mn a study of birth order in 4316
mentally defective children of all types, there 15 no evidence that
the mentally defective child tends to be born 1n the first or mn the
last posntion of the family. Taken as a whole, the trait of a mental
deficiency occurs with almost equal frequency at any place 1n the
birth order The material confined to the arth order of the first 9

children 1s presented in table 24.
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TasLe 24 —Order of Birth 1 4,316 Mentally Defective Public School Children
Analysis Confined to T'amilies with One to Nine Children

{Dayton)
Order of buth Swze of family Total
1 H 3 4 5 6 7 3 9

1 2090193 [ 190 | 156 | 149 | m9 | 77| g0 | 16| 1,149
2 — (175 ) 16 | 141 | 154|123 | 85| 36| 38 918
3 — -1 ey s0or | oss| 2| u 723
4 —|=1-luww| || w|la 547
5 === | =1 %8s} 8| | s 38
6 (=== = 9%| a2 | 1 2%
7 =l =] =1=1—=1m]| 56| u 170
8 === =1-=1] 3| a 93
9 i i Tt R ARt NS R Y 1
Tl | 209 | 368 | 469 | 558 | 647 | e18 | 577 | 493 | 377 | s.316

TARLE 25 ~Silings Born Before and Subsequent to Burth of Mentally Defectice

Child, by Suze of Family
—_— L by Size of Fami;

.
Sueol famly | Total iblings bora Stamesborn | Pavent afected hanss barn
_ Pl

1 200 0 200 °

2 736 175 368 193

3 1,407 412 469 526

4 2,232 780 538 804

5 3,235 1,147 647 1,441

6 3,708 1,416 618 1,674

7 4,03 1,700 57 1,762

3 3,04 1,778 193 1,673

9 3,303 1,591 317 1,425
T o—— i -

Total 22,93 8,99 4,316

Per cent ‘ 100 J 392 1838 93??3

—

Table 25 shoys

the number of siblings born before and afy,

::-eg;:fl'ly deficient chnld by s1ze of fzmilyb\\'e note that 8999 chxlecir:rllc,
o, ;r[;elr'gc;x::,c\c\:(re born before the mentally defective chyld and
Mental defect ac -
withar

Inm .
ted the
State §. . '
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TABLE 26 —Siblings Occurring Before and After the Mongoloid Birth

Mongoloids befrgs bomn afvyines born Total
Benda
Expected 2:55 (21 6%) 462 (39.1%) 162 (39 1%) 1,179 100%
Observed 255 (21 6%) | 776 (65 8%) | 148 (12 5%) | 1,179 100%
Lakdensun
Expected 174 (23 9%) 276 (38 0%} 276 (38 0%) 726 1005
Observed 174 (23 9%) 480 (66 1%) 2 (99%) 726 100%

TABLE 27 —Stblings Occurring Before and Afler the Control (Control Defectites)

Control 1
detectives Dotoreontral e S Total
Benda
Expected 255 (17 2%) | 609 5 (41 3%)| 609 5 (41 3%) 1,474 100%
Observed 255 (17 2%) | 655 (4 4%)| 564 (38 2%} 1,474 100%
Dagton
Expected 4,316 (18.8%) 9,203 (40 5%9,293 (30 5%)| 22,903 100%
Observed 4,316 (18 8%) 8,999 (39 2%)(9,588 (41 8%)| 22,903 10055

ing the whole number of siblings of the defective child, 54 per cent
were born previously and 46 per cent were born subsequently to the
patient. This represents a varration which 15 well within the expected
variation and offers, again, proof of the theoretical assumption

Figure 80 represents the steuation in mongoloid families by age of
mother. Smce the number of cases is 1dentical in figures 79 and 80,
immediate comparison 1s possible. The first column shows the mongo-
loid as the first child of young mothers, aged 15 to 19 years. The strik-
ing 1tem in this age group is the small number of siblings who were
born afterwards. Only 9 children were born after the mongoloid as
compared with 50 siblings born after the mental defective (control
material). In the age group 20 to 24 years, the number of children
born afterwards is larger than that of siblings born before, but only
a total of 32 cluldren 1s born from 26 mothers m that age group In
the age group 25 to 29 years the reversal of the birth order 15 already
present, while the control group shows the theoretical balance be-
tween those born before and afterwards In the mongoloid group, the
29 mothers aged 25 to 29 years had only 25 cluldren afterwards, or less
than half of the number born before (52). Most striking is the unex-
pected drop of children born afterwards 1n mothers aged 30 to 33
years, among whom only 29 children appeared, as compared with 117
born afterwards in the control group.
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One pornt is worth noticing. In families with a mongoloid child,
the number of normal presiously born stblings from mothers between
the ages of 30 and 34 is very small, while in the age groups of 35 to 39
and 40 to 44, the number of normal siblings is much larger than n
the controls. This seems to indicate that in families with 2 mongoloid
child at the end of the childbearing period, the age of the mother at
the tsme when theyr normat children were born was higher than in
other families In other words, these mothers have started childbear-
g at a higher age than had those of the control group

1f mongolism were a genetic disorder, we would expect a random
occurrence mn the birth order, which statistically would result in half
the normal children being bom prior to the mongoloid, and half
after the mongolord In comparing the number of siblings born be-
fore and after a mongoloid child, the striking result is found that 81
per cent of the total number of brothers and sisters (100 per cent) are
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TABLE 26 —Stblings Occurring Before and After the Mongoloid Birth

&bl

‘ Morgolods | Shimmbore [ o
Benda

Expected 255 (21.6%) 462 (39 1%) 462 (39 1) 1,179 1005

Observed 255 (21 6%) 776 (65.8%) 148 (12 5%} 1,179 1005
Lahdensun

Expected 174 (23.9%) 276 (38 0%%) 276 (38 0%) 726 10055

Observed 174 (23 9%) 480 (66 1%) 72 (9 9%) 726 1005,

TABLE 27 —Stblings Occurring Before and A fter the Contral (Control Defectizes)

Contel et [ e b { Shings b ( Tout
Benda
Expected 255 (17 2%) | 609 5 (41 3%) 609 § (41 3%)| 1,474 100%
Observed 255 (17 2%) | 655  (#4 497)| 564 (38 293} 1,474 100%
Dayton
Expected 4,316 (18 8%) (9,293 (40 5%)(9,293  (40.5%)| 22,903 100%
Observed 4,316 (18.8%) (8,999 (39 2%3)[9,588 (41 8%)| 22,903 1005

ing the whole number of siblings of the defective child, 54 per cent
were born previously and 46 per cent were born subsequently to the
patient. This represents a vaiation which is well within the expected
variation and offers, again, proof of the theoretical assumption
Figure 80 represents the situation in mongoloid families by age of
mother, Since the number of cases is 1dentical in figures 79 and 80,
immediate comparison is possible. The first column shows the mongo-
loid as the first child of young mothers, aged 15 to 19 years The strik-
ing item 1n this age group is the small number of siblings who were
born afterwards, Only 9 cluldren were born after the mongoloid as
compared with 50 siblings born after the mental defective (conutiol
material). In the age group 20 to 24 years, the number ol clildren
born afterwards is larger than that of siblings born before, but only
a total of 32 children 1s born from 26 mothers n that age group. In
the age group 25 to 29 years the reversal of the birth order 1s already
present, while the control group shows the theoretical balance be-
tween those born before and afterwards. In the mongoloid group, the
29 mothers aged 25 to 29 years had only 25 cluldren afterwards, or less
than half of the number born before (52). Most strrking 15 the unex-
pected drop of children born afterwards in mothers aged 30 to .‘if
years, among whom only 29 cluldren appeared, as compared with 117

born afterwards in the control group
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average The imbalance between the number of children born before
and afterwards suggests that the birth of a mongoloid child marks the
deselopment of a pathologic condition of the mother which bears 2
defimte relationship to her ability to have children. The decrease in
fecundity of the mother after a mongoloid child is not complete, as a
small number of children ate born afterwards. The condition of the
mother is not irreversible; and yet, the material shows that the birth
of 2 mongoloid child marks a turning point which is followed by a
decided diminution in the number of children born subsequently.

In table 28 the birth order of mongoloid children is presented. In
order to show that the peculiarities of the birth order are not confined
to the Wrentham material, material from a recent publication of Sa-

[JBorn Before Affected Chld
WATfected Child,

[MBorn After Affected Child

MONGOLISM
87
84y 1"
MENTAL DEFECTIVES
{CONTROLS)
54%
52%
46%, 8%
6%
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:5::; I.AI:‘DENSUU BENDA DAYTON
Fio Bl ~terem o ;‘m . N:258  Neg3ig
and mon; s e ’
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282

wonsoron [l 274

|

sueseauent

95
2]
56 56
52 o
32 3
" 26, 22,5 29
17
15705 20- 24 T5-29 50-34 35-39 70-44 T5749 YRS

AGE OF MOTHER

Fic. 80 —Number of siblings born previous and subsequent to mongoloid birth
In the age group 25 to 29 years only half as many children are born after the mon-
goloid as before, mstead of the same number, and n the age group 20 to 24 years
less than twice as many cluldren are born after a mongoloid as before, nstead of
four times as many.

born before the mongoloid child and only 16 per cent are born after-
wards. In a total of 1179 siblings, 255 were mongoloids We might
have expected 462 children to be born before the mongoloids and
462 born afterward Instead, we find that 776 cluldren were born be-
fore the mongoloid and only 148 afterward Only 12.5 per cent of the
siblings were born after the mongoloid when we mmght have expected
39.2 per cent.

The total number of siblings born mn 255 fanulies with mongoloid
children is 924, which 1s only slightly less than the control group with
1,219. In the mongoloid group, the total number of children born
before the defective child 15 776, while in the control group 655 chil-
dren were born before. In other words, mothers who later gave birth
ta a mongoloid child had a period in their lives when they bore chil-
dren at the average rate for all mothers or even above. Then some-
thing happened: As a result, a mongolotd was born, and from that

point on these mothers produced at a rate which was much helow the



203
ETIOLOGY

Tast 28 ~Order of Burll in 255 Mongoloids af the Wrenthom State Schoof Compared
with Data of Lahdensuu (174 Cases)
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kari Lahdensuu is added. Both charts show identical trends. There is
a definite difference between the families in which the mongoloid 1s
among the first 5 children and those in which the mongoloid is born
in a family of more than 6. In contrast to table 24, in which mentally
deficient children appear on any place of birth order, the mongoloid
child never occurred among the first children in those families who
had 6 to 15 siblings. The larger the famuly, the more definite the trend
toward the end of the birth line. Not in every case is the mongoloid
child exactly the last child, but in those families with more than 5
children the mongoloid is almost always among the Iast 3 children.
We recorded 1n our list ail pregnancies resulting in a living child. It
may be mentioned that a study of the siblings revealed that na
rather large number of cases, the siblings born after a mongolod died
shortly after birth, Many more mongoloids are, therefore, the last
living cluld than appear 1n that posttion on our table. In these fam-
ilies, the siblings born before the mongoloid appear normal. The
mothers of these families have revealed no pathology in their younger
years and have offered evidence of their ability to give birth to a
rather large number of normal children. In each case, the pathology
in the offspring occurred only as the mother was approaching the end
of her childbearmg period or had reached the conchtion i which
menstruation had become 1rregular.

I mentioned that the ages at which the normal pregnancies occurred
seem to be important. From the tables one learns that many of the
normal siblings were born after the mother was 30 years of age; the 6
to 15 pregnancies whicl some of these mothers had were not spread
over a period of 10 to 20 years but were sometunes found crowded
into a rather short period after the maternal age of 30 Obviously,
bearing a given number of children after 30 represents a heavier
strain on the organism of the mother than having the same number of
children at a younger age does The observation on this group of fam-
ilies seems to confirm the theory of Shuttleworth, who calied the mon-
golord child an “exhaustion product,” the occurretice of which 15
“dependent upon conditions adversely affecting the maternal repro-
ductive powers, the advanced age of the mothers and the {requent
childbearmg being the most noticeable causative factors—exhaus
tion, illness of whatever hind durmng the pertod of gestation may pro-
duce mperfection in the evolution of the foctus and 1ts ussues which
we know as mongolism.”

Age and exhaustion, however, cannot be the only factors, because
we find in our other group that a large number of mongolowds are the
Girst cluldren in the family and that the total number of children 1
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Taste 28 —Order of Birth in 255 Mongoloids af the Wrentham State School Compared
with Data of Lahdensuu (174 Coses)
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these families is rather small. If one investigates the correlation be-
tween the age of the mother and the number of children one finds that
mongoloids occur mainly under two conditions Of those 8 mothers
who were above 45, all had more than 3 children, with a total of 56
children. Among 56 mothers between 40 and 44, 40 had more than 3
children, totaling 264 children, but in 5 instances the mongoloid was
the result of the first pregnancy. In the age group between 35 and 39,
we find 84 mothers, of whom 43 had more than 3 children, totaling
228 children, wlule 9 in that group had no child before. One may
therefore conclude that the risk of childbearing at an age beyond 35
is increased in any case, regardless of whether many pregnancies or no
pregnancy had occurred before. In the latter instance, the maternal
organism has apparently lost its adaptability for pregnancy. In the age
group of 20 to 24, we find 26 motheis of whom 14 had a mongolod as
their first child, but 2 women had already gtven birth to 2 total of 7
children; m the age group of 25 to 29, 4 mothers had no cluldren be-
fore the mongoloid but 6 had borne a total of 23 children before.

TABLE 29 —Correlation betaeen Age of Mother and Number of Pregnancies

agemaupol | Noof | nocug | 1 | 2chidren | 3ormorechidien | Tofikden”
BEFORE MONGOLOID BIRTHS
T
500 | 4 4 [} 0 0( Ochuldren) | 0
20-24 26 14 10 o 207 % ) 1
25-29 29 1 9 10 6(23 “ ) sg
30-34 48 8 14 18 9(45 ) 9i
35-39 8 9 18 14 B8 ) 2;2
40-44 56 5 4 7 10260 < )
45-49 8 0 0 0 s¢s6 » ) | s
Total J 235 J 4 f 55 J 9 " 08623 ) 76
AFTER MONGOLOID BIRTIS

. L - —
15-19 4 1 [ 1 0 2(8chidren) | 9
20-24 2 8 9 7 209« ) 2
25-29 29 6 | s 5 g0 v ) 25
30-34 48 3t lon 3 32z o« y o
35-39 81 57 ‘ 2 1 207 % )
04 56 a2 Lece e

R
T I | - 148

Total 55 | 162 | @ | 2z 12 (46 )
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We see that 2 rapid sequence of pr.egnancies may produce a tempo-
rary condution of unfitness for gestation On the ather haud, the first
fertsluation may occur under physiologic and psychologic conditions
which are highly unfavorable for a normal pregnancy 1£ mongolism
occurs in the first pregnancy, the mother may well be able to react
normally 1 2 second and a third pregnancy.

Psychosomatic Disorders of Mother

In the following 1 comment briefly on the psychosomatic factors
common m mothers who have given birth to a mongoloid child: {1)
highstrung, nervous, easily upset personality, {2) frequency of abor-
twns, (3) bleedings during pregnancy; (4) iabihty to heep a full-term
pregrancy (prematurity of baby); (5) mability 1o become pregnant;
and (6) endocrine ymbalance

Ina study by Bowman and the author in 1953, these i estigators
examined the psychiological factors in 24 mothers who lad gisen birth
o akm?ngnloid cluld. Six of them were found to be severely disturbed,
et e B . -

-« wustiveu Lt 4y anstances Among the 24 mothers, 20 declared
lh}t they had become pregnant against their own wish, and 14 ad-
mitted that they were not reconciled with their pregnancy during the
whole periad of gestation Of the four mothers whe imnsisted that the
pregnancy was planned, two were actually very depressed and in psy-
(holhtmpy at the ume of conception.

These olservations are 1 some disagreement with observations
mentioned by this author hefore—that most of the mongoloid children
Were very much desired. °

Abortions

uTh: frequency of abostrons 15 one of the mast strikng features 1n
S_;-‘ Izsmnes of mongolisr,
able 30 shows that 80 of 255
Miscatrgamne 0r oo mothers have reported a taral of 197
tion e -

The
e dvallable m recent years, th
auently « T Yyears, the more fre-
oot y wehave found that the first signal for threatening mon, oli
BWen m a miscarriage & womm
The inculence of spont

spontaneous abortions m the general population
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TABLE 30 —Miscarriages and Stillbirths in 255 Mothers Havmg a Mongoloid Child

No of muscarriaces
No of mothers | before and after Pt
Age groups No havin; Tetab )
miscarnages
Before After
15-19 1 1 1 0 1 23
20-24 26 5 0 s 3 192
25-29 29 7 6 6 12 1
30-34 18 19 21 7 28 3
35-39 8¢ 29 2 12 5¢ 2
40-H 56 15 19 1 20 269
45-49 8 4 6 0 6 50
Total ] 255 ) 50 95 } 3t ’ 126 32

has attracted much interest on the part of obstetricians and patholo-
gists. In a recent article A. T. Hertig and R. G. Livingstone reviewed
this subject and found the incidence to be 10.6 per cent The sum-
marijzed findings of various authors indicate that 9.8 per cent of all
pregnancies termnate 1 spontanteous abortion. In families in which
a mongoloid child 1s born, the average for the whole group is 2
per cent, with varrations from 19.2 per cent to 50 per cent, according
to age groups This mdicates a three times higher rate of spontancous
abortions than m the general population. The matenal of the
Lying-in Hospital, Boston, investigated with regard to mongolism ‘b)'
Beidleman, revealed an incidence of 19 per cent abortions, or twic¢
the number of the control group

The high merdence of abortions has recently led M. Engler to find
the “sole cause” of mongolism in a preceding artificial or spontancous
abortion which has caused “a serions alterarson of the mucous mem-
brane of the uterns ' The implanted ovum finds pathologic condr
tions which hamper its nounishment. This 1s a revival of the old mda-
tion theory, with the modification that not chronic but acute changes
m the uterme mucosa are the cause. The incidence of preyvious abor-
tions (in Engler’s own material, 18 9 per cent), however, 1s fat too Tow
to base a theory of faulty nidation on 1t Moreover, the many normal
children born after a mongolowd make the uterine nidation theory
still less tenable The frequency of abortions 1s an important clinical
symptom, the interpretation of which will be given later.

Bleedings and Threatened Abortion

Probably closely related to the frequent muscarriages 1s another

phenomenon. Many times the mother has observed a continuation of
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her regular menstruation during the second and third months of ﬂ:le
pregnancy that terminated in 2 mongoloid child. Sometimes bleed-
1ngs were irregular, or abortion threatened but was prevented.thr.ough
1est, The continuation of menstruation during pregnancy fndlc:ues
that the endocrine mechanism preventing a uterine bleeding is at
fault, The concept of a threatened abortion is not uniform, hc?causﬂ
some witers consider the occurrence of uterine cramps as a sign of
mpending abortion, In my study only those cases were tecorded in
which actual bleedings were observed. The percentage was 14.6.
Bedleman found an inadence of 23 per cent in the Boston
Lyingin Hospital mongoloid material The figure of threatened
abortion 15 4 per cent for the same hospital for the general popula-
tion, according to Rutherford, and 3.8 per cent, according to Paine.
Several writers, including Heruig, feel that the percentage is slightly
higher 1n private practice, but even then, a percentage of 14.6 to 23
15 again at least three times higher than what one might expect.

Prematurity

Table 31 shows the mcreased incidence of prematurity in mongol-
ssm Of the hmited number of cases in which I found a definite birth
record, prematurity was recorded 44 times, 1n contrast to 12 mstances
of prematunity 1n our feeble-minded control material Prematurity is
V}e‘rlydlike]y a part of the general disorder which results in a mongoloid
chil

Bexlleman found 1n his materral a prematurity mcidence of 43 per
cent in mongolaid babues, as against 3 2 per cent for all other habies

‘Tavse 31 —Birth Records of Mongolord and Control Patients

TR T T el Mongolowd and Comtrl Pabients

Age eroups
- | i}
1519 | 2024 | 2529 | 3034 | 3530 | s044 | g540 e
— L |PR e e s |
Premature
Mongalond 1
Coni cla i s e
Insteumental Tlre 1z
Mongolod 1| s
Conteol 2 | s ; ; SRS
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TavLe 30 —Miscarriages and Stsllbirths in 255 3others Having a Mongoloid Child

No of miscarriages
No of mothers before and after Pt
Age groups No baving Total %
miscarniages
Before After
15-19 4 1 1 0 1 25
20-24 26 5 0 5 5 192
25-29 20 7 6 6 12 24
30-34 48 19 21 7 28 39,3
35-39 84 29 42 12 54 2
40-41 56 15 19 1 20 26.9
45-49 8 4 6 0 6 50
Total ’ 255 ‘ 80 ; 95 { 3t 126 3t.2

has attracted much interest on the part of obstetricians and patholo-
gists. In a recent article A. T. Hertig and R. G. Livingstone reviewed
this subject and found the incidence to be 10.6 per cent, The sum-
marized findings of various authors indicate that 9.8 per cent of all
pregnancies terminate m spontaneous abortion. In families 1n which
a mongoloid child is born, the average for the whole group is 31.2
per cent, with variations from 19 2 per cent to 50 per cent, according
to age groups This indicates a three times higher rate of spontaneots
abortions than in the general population The material of the
Lying-in Hospital, Boston, investigated with regard to mongolism by
Beidleman, revealed an 1ncidence of 19 per cent abortions, or twice
the number of the control group.

The high incidence of abortions has recently led M Engler to find
the “sole cause” of mongoltsm in a preceding artificial or spontaneous
abortion which has caused “a serious alteration of the mucous mem
brane of the uterus.” The implanted ovum finds pathologic condi-
tions which hamper 1ts nourishment This is a revival of the old mda-
tion theory, with the modification that not chronic but acute changes
in the uterine mucosa are the canse The mncidence of previous abor-
tions (in Engler’s own material, 18 9 per cent), however, is far too low
to base a theory of faulty nidation on it Moreover, the many normal
children born after a mongoloid make the uterine nidation theory
still less tenable. The frequency of abortions is an important chinical
symptom, the mterpretation of which will be given later.

Bleedings and Threatened Abortion

Probably closely related to the frequent mscarriages is another

phenomenon. Many times the mother bas obscrved a continuation of
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Case Reports

s emphasized on diffevent occasions, the factors which seem to lead
to mongolism in the child are different according to the age of the
mother, In the fallowing, a number of case histones are pvesemed 10
demonstrate the vatious conditions at different age levels

GROUP I: Wamen Above Forty Years

Case I Age 52 * Italian woman, big and stout Mongoloid 15 product of eley-
enth pregaiancy The first 7 duldren ate normal; some are marricd and have thil-
dren of their awn, Eighth pregnancy ended in a miscasriage, the mnth cnld died

b obm mm =

‘. utduiy sick all the time " She did not expect to become pregnant at that age
B Case 2 Age 47 Had four chuldren by her firse marriage when she was between
23a0d 33 $he was a widow for five years and married again when 44 years of age.
By dus second marnage she had one ehnld who is inteligent and 1n good physical
health Menopause occurred at 46, and she had not menstruated for six months
When new pregnancy occurred which ended 1n the birth of a mongoloid She did
2t believe she could become pregnant

Cuse 3 Age 46 Married sn 1928 and did not become pregnant until 1930, when
an antfiection of the uterus was straightened out and tubes dilated. She became
Em:nam after that operation There was an mterval of eight years between the
‘n: nn;:l second pregrancy, 1n which time mother did not become pregnant i
‘):: nodcme for 8 second chuld Suddenly became pregnant at 46 and gave birth

(‘?!ng»{md child Put on 20 pounds during pregnancy, easily upset
ot Su: “"gl;‘% Child 1s product of ninth pregnancy First 7 pregnancses nor-
— 1 ,‘, ¢ eighth pregnancy mother developed ngh bLlood pressure and had
N ¥ in bedt for the last seven weels Alter three years became pregnant

pregminey resulied 1o a il o D eemanc wae

o b K n 2 mongoloid child Condition duning pregnancy was
T us:lv [mg“glxcxsurc Fradt to stag 1n bed for 414 months Fasily upset, anx-

Cae s \omd Cr1s s

0w 32 ma
™
hy
the .
I
l , N < oy
e ariches in herght
G Two musaarnages When
ong

10%% wd haby Rather 1a)) o

= wv swn plegiancy tesulted o birth of a2
e feet [0 inches Weight 165 pounds Had

e age of 1h i
ik s li)n? he mother refers in each case to the age when her mongoloid
g
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born at the Lying-in Hospital. Twenty-five per cent of the mongoloid
babies weighed 5 pounds 11 ounces or less. The incidence of prema-
turity in mongolism is, therefore, many times that of the hosputal total.
In my material, the incidence was 17.2 per cent.

Sterility

Of great mterest are the difficulties that some mothers have m be-
coming pregnant. I observed many instances in which the mongoloid
was the first or the second child and the mother had vainly waited
many years for a pregnancy, or an unusually long time had elapsed
between her first and her second child. Several times the waiting pe-
riod lasted as long as 17 years. This decreased ability to become preg-
nant was evident in several mnstances before the mongoloid child was
born. In many cases fertility was definitely impaired after a mongo-
loid barth, It is true that quute a number of children are born after a
mongoloid and that the loss in fecundity is not absolute, but htle
attention has yet been paid to how severely the maternal fertility has
suffered m cases of a mongolord child being born 1 the mother’s best
years. Of the total of 255 mothers, 162, or 64 per cent, had no children
afterwards Only one mother in three had a child after a mongoloid.
This statement refers to the whole material. The picture 1s more strik-
ing if we consider only those cases in which the mongoloid appeared
near the beginning of the ciuldbearing period In 17 per cent of our
material, the mongolowd was the first cluld, and in 45 per cent he 1e-
mained the only cluld, 1 73 per cent of the cases in which the mongo-
loid was a second child, he 1emaied the last cluld. (In Lahdensuu's
material 63 per cent of the first-born mongolods remained only chl-
drer, and 69 per cent ol the second-born mongolords had no younge:
siblings.) From the four mothers who had a mongolowd child between
the age of 15 and 19 years, one had no other child and onc had one
child only afterwards Of the 26 mothers of the age between 20 and 21
years, cight, or 30 per cent, remamned sterile for the rest of their Ines
Of the 29 mothers aged 25 to 29, a total of 16, or more than 50 per
cent, remained sterile. These numbers prove beyond doubt that m
the majority of cases the birth of a mongoloid child reveals a maternal
condition which renders 1t unfit for clnldbearing afterwards. Smee
some investigators have tried to explamn the drop 1 the birth ratc by
assuming that after the birth of a mongolord child the mother 1s afrard
to have more oflspring, I have checked this statement carefully and

found it irrelevant.
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mncarriages, one before and ane after her second {nosmal) chuld Did not become
pregnant Tor exght eaTs, 1O PIEVERILE MEASUIES taken. Slender worman, consid-
ered nenous Tall, weight 117, Prematurely aged. Lost weight and had metabo-
lism test on account of suspected thyroid disorder

Case 21, Age 40 Marnied at age of 20 Had 2 chuldren a1 22 and 24, respectniely
Tnenal of 11 years between second and third child. No preventive measures, did

»

() .

td o e s vy saliglicd, WILe LT 3t 5
o dr:;qu o years mn spite
duldsena * o pomel
Case 25 slage ol g 4 i
e smuanu r 2 Had 9 normal children ranging from 24
10 Dang tens pregaaney, which wath bisth of morgotord baby,
mohes was theeaiened wath abortion at four months Siayed in bed and hewmor-
¢ doppd Had 2more pomoad chldren a1 42 and 45%
ot :s;".‘ﬁ 1.\;; 40 Married at 23 Both parents professional peaple Mother did
ot want cilren o5 long a5 professionally busy. Afer 15 years of maried hfe
1o hase a duld Pregnancy ended in birth of mongoloid ’

GROUP II Women u thesr Thirties
Case 27

h vr’::r:!l, ;i;:uzﬁ“.\lzmcd u; lh?( ume, never before pregnant No pregnancy

i oman with elepl features, farr kand

poranily alcoholic M werght

: mm(“y olic Mongnloid baby three weeks premature, werghe 4

452 28 Age 31 Married 1n b

O OAR n ber early twenues Farst pregnancy, miscarnage in

(hm! e ‘nm‘;r:?ig? nancy, three years after first, muscarrime ar eve B
tery

pounds 11

na '
mong

Ca .
maland by
E'ﬂ.ml Parer
wle umes ™

e weny oncened 2 few dass after mamers Ut
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nervous breakdown at the age of 27 when working hard in school and in stores
Was ill about a year.

Case 8. Age 44, Three children by first husband, ranging from 19 to 15, and 6
children by second husband, all well Mongoloid child product of tenth preg-
nancy. I\Io.n.‘hcr sick \:'uh renal hypertension and cardiac disease. Nervous, high-

. “ 1cy during the last 18 years.

Case 10. Age 43. Married in 1919 Three normal children between 1926 and
1930 Mongoloid was born after interval of seven years Menstruated mice during
pregnancy. At second month had a Iarge hemorrhage and loss of blood It was
thought to be a mscarriage.

Case 11. Age 43 Both parents in their forttes, Married late, but urgently
wanted a cluld Mother finally became pregnant, and a boy was born, to the great
joy of the whole famuly. The doctors dectared the child “perfect ” Not until siv
months later was 1t realized that the child was abnormal, although the mother had
been suspicious and had consulted several doctors to hear therwr opinton

Case 12. Age 42. Married at age of 19 First cluld at 20 One miscarriage after
first child Was sep 1 10 years from husband, he bewng n Italy Had 1 notmal
chuldren Letween 1930 and 1935 After seven years, pregnant again, resulting in
mongoloid cluld, Did not expect cluld, was “carcful.” Clald not wanted Mother
sick all the ume during pregnancy, Itahan woman, stocky, gallbladder trouble,
casily upset, fatsgued

Case 13. \ge 42 Married at 29, had & normal clildren betseen 30 and 39.
Three year intersal New pregnancy accepted, but not expected, ended m birth of
mongoloid

Case 14. Age 42 Marmage at 23, 6 normal children between 21 and 39 There
were six years between fifth and sixth child, when mother did not hecome preg
nant m spite of opportunity and desire Alter three more years new pregnanc)
occurred which resulted i mongoloid baby Mother was diagnosed as thyrond
deficient with sigits of puffliness and low metabolism, two years belore her sivth
child, when she did not become pregnant Two grams of thyrord daily stnce then
Her last chuld was first diagnosed as cretin, later diagnosis of “cretimism, mongol-
ism” was made mn outstanding hospital

Case 15. Age 41 Marnied at age of 36 Mongolaid 15 product of first preg

nancy(l) alter five years’ warting, There are 3(!) normal siblings who were born
< RS AR e 10 200 18

} normal chaldren between

wd product of tenth preg-

nancy. Not expected; accepted, but not wanted Mother felt ured, depressed, did

not fecl life of baby There were two mascarriages between second and third and
fifth and sixth pregnanaies, respectinely Two miscarnages after mongolod

Case 17. Age 41. Mother married at 39 Ifad spontancous (?) abortion at two

months durng first pregnancy, when almost 40 Second pregnancy terminated i

mangoloid baby Inlargement of thyroud had been diagnosed tso years before

marriage, and treated Had 2 nonmal cluldren after mongoloid at age of 12 and

sard to be sen nenvous and exatable st
- @0 a2 90 Vensmatnsd nraducr of sinth

. b child

43.
Case 18. Age 40 Itahan woman,
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Case 42 Age 31 Marzied at 22 Sic years alter marriage, first cluld Waing
imc partly voluntary Wanted another chuld after first, but did not become preg-
ant for tno years Mongoloid three weeks premature. Menstrual history® men-
ache 2 13, a whole year only twice Later every second or third month, ull
hortly before pregnancy with first child Slender womar, 117 pounds

12 Ao % Afmew o o 02 D A mine honama meamans ¢ 100, coner foas

one gvary Ovarian cyst, uterus fibrosis Stout, obese woman, prematusely aged

Cmf 45 Age 38 Married at 23 1n 1926 Had her first chald in 1928, a healthy
gu) Not pregnant for 12 years m spite of desire to have another cluld Second
child a mongalod

. C‘alt 16 Age 36 Married at 28 1n 1935 First ciuld 1n 1938, normal boy nd

g BN e A e
mor hetwe
with radiy
pregnancy
struny
Cﬂg{:z \ee 5); “..m. :i]au.ll\.ll s LELOTE €\ eTy menstruation
) ; Sartied at age of 30 Furst baby deed at barth
n::‘E wnjury Ihree months alter birth mother was peAatveouirain Lasge baby,
ar

pre

and 12, o 3. uarnied at age of 21 1n 1927 Had 2 normal childs 4
a3, ity Became bhind. on account of Lidney roube. choma e
n ot e Comulsions Next 2 chuldren, botn 1n 1933 and 1036, were normal
One of tun Imml:‘“l\;g::;:cr;\anan cyst Tuo years later, pregnant with twins
al, 4
e 51 Age 39 Marned

i med at age of 23 Had 3 normal chuld:

% her marnage No pregnan 1 chuldren i erght years
ﬁ:‘lﬂlnn emtn pregnancy after third chatd for four years Fourth

rs after last lving chuld,
Py Child desired, no con-
i .

o wp RNl years |
m«wcn than fae )e’nn s

ae $3 \pe'yy
AN \arn,
the lay pregnang

. v wounan gl two 1 :
a B! years later
":fnlC{{lllnnlcd 1 berth of mangalowd Clutd .(“..h,I-\?fl
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Mother felt sick all the time, could not eat, felt difference between first and second
pregnancy

Casc 30. Age 38. Married at 35 One child at 36, small baby, one month prema-
ture. ‘Two years later second preg y termi A with lord baby. Newt
two pregnancies ended in nuscarnages Thyroid of mother was noticed to be large.
Very lugh-strung, excitable person, crics easily

Case 31 Age 30 First pregnancy ended in miscarriage in third month, second
im second month. Mongoloid product of third pregnancy. Was threatened with
aboruon five months before deltvery, but chuld was kept

Case 32. Age 384, Married at 28 First pregnancy ended 1n miscarnage at three
months One normal child at age of 37 One year later severe hemorrhages for
several months Next pregnancy ended in premature birth of mongolond Net
year again severe hemorrhages No other cnld Thyroid reported enlarged Was
twice operated on for “'parathyrord cysts Easily upset, worries considerably, gets
“blue” spells

Case 33. Age 35 Mother married year before Mongolord result of only preg
nanc

Case 34. Age 87 Marnied at 20, menarche at age of 18 Cardiac disease Ovarnin
operation Six pregnancies 2 chuldren alive and normal, § died, one at 18 months
of rheumatic fever and two at 3 months of miections (?) Mongolowd culd pre-
mature, pregnancy not wanted, gestation period poor .

Case 35 Age 37 In first marnage 1 chuld, who died shortly after bigth One mis-
carriage Married again at age of 34 Mangoloid 1s only cluld, born three years

- b - © " ather lugh-strung, nervous

' t 3 children normal Two years be-
' ¢ sin years after last cinld Child
* pregnant

Case 37 Age 30 Marnied at 19 First child at 20, normal and well No preg-
nancy for four years Second pregnancy ended with birth of dead baby, “had
been dead about 1 month.” After erght year interval, new pregnancy which ended
with birth of mongoloxd Cluld “very much desired " Mother 5 feet 1 nch @all,
rather attractive, young looking Weight now 131 pounds Gained 75 pounds dur-

. - - ‘o N e =Yoo very.
. gn?ncy
I abor
* Alter
Men-
struation arregular. Lasts seven days, ternble pams Highestrung, canly upset, very
nervous.
Case 39. Age 39. Married at age of 23 Had 8 normal cluldren between 24 and
AL e ' 't of mongoloid

N int soon alter marrage
' : child dead Did not be-
. e A Y oen

come pregnant for erght years 1n sp .

maturely born. One year Jater new
strual blecdings, treated by a-ray
pregnancy termnated n birth of mongolonl Had conunued to menstruate dur-
ing two periods of the pregnancy

“Case 41. Age 87. Mamed at 25 Had a normal child at 27 Ten year mtersal,
which was only partly voluntary Cluld destred for quite a tume Sccond pregnancy

ended with birth of mongoloid



215
ETIOLOGY

nancy ended in abortion by curetrage Last pregnancy terminated with birth of
mug:;losl}l 5{2: 42 Born in 1898, had gouer in 1926, Trcn;urs. resllessi neEr]\ uu;
\farmied 1n 1920 Had two normal children in 1930 and 195-,. Tespectiyel |), Eleve

menths after second child, miscarnage due to shock from being beaten ly l";;nn(‘;
person Next year, miscarnage due to “pills* Six years later, again m: lpx s (‘
intesrupt pregnancy, but was not successful Felt very bad during whole prc{;v
mangy, 1nactse, could not sleep This pregnancy terminated one week prematurely

prtes fiegiimate chald, not wanted, was mongoloid. Attempted abortion sus-
pected

Care 66 Age 30 \larmied ap 10 -~ 1000 v 1o T
and 1952 A few months after )
Pl unsuccessfully Child ne
#bidboy Next year again pregnant Look pills and bled for three or four weels.
Pregnancy ended 1n muscarnage 1 third month

Case 67, {ge 28 M
04 1911 When agay
ot wanted Pre
Eolond boy

GRrour p,

fartied at 20 1n 1935 Had 4 normal children between 1936
" PrEgnant, tho ycars later, took pills for several weeks, Child
gnancy termunated about a week prematurely with birth of mon-
Unexplained Cases

Tn abaue 19 Percent of the material mformation wnc mnt cae
Qsees -

JESUU—
try. ’

that

othy

b « et HUPE 1o obtain all data without metabolic and
"ochemical studies of the mother

Summnry

N:n m'\c‘\\ho glances through the series of case histories above can

P¢ the impression hae the condition of the mother at the beain-
ancy s of significance ;
stTAtors have sty
Brousseau was

nng of Pream;
Many gy

79, or 47 per cent,
Goddard goes so far as to state
mongolian tmbecility is to he
mather during Pregnancy.” A rather

caqse of
he condition of the
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each menstrual term and stayed 1n bed After brrth of mongoloid, rrregular men-
straation

Case 54. Age 35. First and only pregnancy of 35 year old woman ended in birth
of mongolord Cluld “accepted,” mother’s conditron during pregnancy poor. Eas
1ly upset, unstable woman, asthma, now dun orced

GROUP III: Women in their Twenties

PO - PN PR

Case =~
severely
Iism —2( .
with abortion. Stayed 11 bed 10T Severdl 4ays MOUZOIVIA Wi DOLLE 1 uays pet
maturely Mother allergc to chocolate, dust, weeds and certain foods.

Case 56 Age 28. Married at age of 23 First pregnancy started one month after
marriage. Child died five months after birth, of bronchopneumona Second preg
nancy, sts months after this child, ended m mis o
in miscarriage one year later Mongoloid 15 the
uterine bleedings during this pregnancy. Had 1 .

Case 57 Age 20. Married at 18 and had her first chuld a year after marnage.
Next year became pregnant agam, cluld not wanted, but accepted Vomited tiery
mormng. Menstruation had been irregular stnce birth of first cluld At ume of
pregnancy, when third menstruation was dute, had severe hemorrhages, latng five
days Stayed 1 bed for two weeks Pregnancy tern 1 1 birth of oloud
boy
Case 58 Age 28 Married 1n 1931 at age of 18, had her first clutld, a norml boy,
1n 1932, Another boy 1n 1933, Became pregnant agatn an 1936, wsed “safe days”
m the mterval Her menstruation was rrregular and she had severe hemorrhages,
lasting seven days, during which time she had to stay 1 bed Duning this preg
nancy, ) T . free
enth m
AOthEr » puvssns oo v . .
overw T 7 e - YT -7 and did not expect to be-
come
Cas . * arche at 14, had wregular
menst 1910, normal child Very
shortly after delnvery, before normal menstriation was establihied, a new preg:
nancy started This pregnancy terminated siv weeks prematurely m birth of mon

goloxd .
Case 60 Age 21, Married at 20 Menarche ac 1 Had menstrual trouble at 17,

** physician i charge. Had infanle

pregnancy at time of second men

" * pounds dunmg pregnancy, having

weighed 123 pounds at the l;(gmnmg.. Mongoloid was I)(}m 25 davs prematurely
Had “fiu” m the fifth month of gestation Her second child, born two years later,

is normal

GROUP IV: Mongolism and Attempted Abortion

61. Age 28. First child at 17, an imbecile of familial type. Sceond child,
er, in 1029, said to be normal. After birth of this cluld, did not want
1 Became pregnant five times beeween 1930 and 1937, Each preg

Case
two years ha
another child
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mancv ended in abortion by curettage Last pregnancy terminated with birth of
mongolod garl

Case 62 Age 42 Born 1n 1898, had goiter m 1926 Tremors, restless, nervous
Mamied 1n 1929 Had two normal children 1n 1930 and 1932, respectinely. Eleven
months after second child, miscarriage duc to shock from bemng beaten by insanc
person Next year, miscarriage due to “pills " Six years later, again took pills to
Interrupt pregnancy, but was not successful Felt very bad during whole preg-
wingy, 1macine, could not sleep This pregnancy terminated one week prematurely
n birth of mongoloid girl

Case £3 4--pm ve" v
down
nancy i
year late

Case
atl8 Fe -
PIEERANT scome on
m short

Case

1;(::}1 Ilegiumate chald, not wanted, was mongoloid Attempted abortion sus-
©

Care 66 Age 30 Marnedd v 10 s 1400 Troa 0 o e o
2nd 1932 3 few month
D" unsuceessfully €
#olidhoy Next year ag

Pregnaney ended 10 mis
e} e scartiage 1 third month

Maimied at 20 in 1935 Had 4 normal children between 1936
:I':)“l t]‘gz:}u:ln{:n 380 pregnant, two years later, took pills for several weehs Child
plond oy Tegnancy terminated about a week prematurely with birth of mon

GRoUP v, Unexplained Cases

In about 10 per cent af the marer <1 ~s-
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bochemical studies of
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large number of investigators feel that thyroid deficiency is of impor-
tance. Clark, Stoeltzner, Myers, Alt, DeSanctis, Schob, Abderhalden
and Vas express the opinion that either hyperthyroidism or hypothy-
roidism of the mother may account for the production of mongolism,
Myers, in a study of 215 mongoloid cases and 215 controls, states,
“Some abnormal condition in the mother during pregnancy was re-
ported in more than twice as many of the mongolians as the control
mothers An analysis of this difference in the health of the mother re-
vealed a greater frequency of recognizable thyroid disorders (9 to 1)
and of acute nervous excitement (13 to 1).”

Another explanation for the mongoloid deformity was offered by
van der Scheer, in 1927, This anthor concluded that (1) “a too nar-
row amnion prevents or mhibits the physiologic stretching of the em-
bryo in the sixth or seventh week of pregnancy, and (2) anomalies in
the structure of the uterus are the cause of the abnormal amnion sac.”
This theory, called the “nidation theory,” explains the great varicty
of deformities on the basis of mechanical factors. It is hardly necessary
to repeat the numerous arguments which make 1t impossible to ac-
cept such a mechanical explanation Knowledge of the physiology of
pregnancy has increased so greatly in the last decades that we know
that delicate biochemtcal reactions take place in pregnancy, and
hence, that the diversity of malformations seen 1 mongolism cannot
be laxd to so sumple a common denominator as a parrow amiion sac.
Moreover, some of the malformations date back to an earlier time
than the sixth or seventh week, and those disorders take place at a
time when mechantcal pressure of the membranes 1s of no significance
whatsoever.

In 1939 Horst Geyer analyzed very carefully the matenal of 33
cases. In rejecting other theories, he concluded that the essential cause
was an inadequate “dysplasmatic” ovum Such ova occur in ereased
frequency at the time of menopause and occastonally 10 the menarche.
Under pnthologic conditions, especially cystic ovaries or illness of the
mother, they can develop at any time of the hie cycle Independently,
Lotte Lande-Champain also came to the concluston that ovaran dys-
function with ensuing fertilization of a “borderhne” ovum must be
considered the most likely explanation

The maternal factors analyzed 1 the 75 cases reported by Benda
(1947) are tabulated in table 32.

Nine women (12 per cent of all cases, but 33 per cent of the women
above 40} showed actual cessatton of m}'nsxrpatmn bcfnrc the preg-
nancy wich resulted 1n a mongolord child T he most impressive fac-
tor of all is the inability to become pregnant which 1}1:1:1.[::5:0(1 itself
in involuntarily long intersals between pregnancies T hese ntervals,
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Tanrg 32 —Summary of All Causes

R T T R

Numberof | Ineidence
tnstances %
Actual ¢essation of menstruation (menopause} 9 121
Tashilty to become pregnant {involuntary long intersals) 22 292
Ot prmparas 4 53
Habitual abortions 7 93
Numerous artificial abortions 2 26
Attempted shortions 7 923
Contimation of menstruation and threatened abortions n 1He
Thyrod deficencies and goster 1 133
Dranan ¢y sts and operations 6 80
X tay o tadium treatment of uterus and ovanies 2 26
Gallbladder 3 4.0
Heart dhseases 2 26
Depressive states 5 66
Kudney trouble 3 10
One of twins 1 13
New pregnancy immediately sfter anotber child 1 13
Unusual weight gain during pregnancy 1 13
o explanation 8 06

ranging from more than five to 18 years, occurred 1n spite of the de-
sire of the parents fo have a child. Tienty-nine per cent showed this
\\.ub\luy The factor next in imporiance 15 the continuation af man

\ s prteiutinlg wenine bleedings are at fault, Habitual
awortions were found in 9 3 per cent of the matenal.

m\;hc prenatal maternal factors have been the subject of other in.

o I:Sgauo;u by ld\e author dunng the last 10 years. The new observa.
confirm the previous material and prov: i i
vide still m v

W p still more evidence

Of the women above 41 years of age, 53.9 per cent were actually in

Tase 33 — i
E 33 —Percentage Incidence of Sigmficant Symploms an Each Age Group
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large number of investigators feel that thyroid deficiency is of impor-
tance. Clark, Stoeltzner, Myers, Alt, DeSanctis, Schob, Abderhalden
and Vas express the opinion that either hyperthyroidism or hypothy-
roidism of the mother may account for the production of mongolism.
Myers, in a study of 215 mongoloid cases and 215 controls, states,
“Some abnormal condition in the mother during pregnancy was re-
ported in more than twice as many of the mongolians as the control
mothers. An analysis of this difference in the health of the mother re-
vealed a greater frequency of recognizable thyroid disorders (9 to 1)
and of acute nervous excitement (13 to 1).”

Another explanation for the mongoloid deformity was offered by
vau der Scheer, in 1927, Tins author concluded that (I) “a too nar-
row amnion prevents or inhibits the physiologic stretching of the em-
bryo in the stxth or seventh week of pregnancy, and (2) anomalies in
the structure of the uterus are the cause of the abnormal amnion sac.”
This theory, called the “nidation theory,” explains the great variety
of deformities on the basis of mechanical factors It is hardly necessary
to repeat the numerous arguments which make 1t impossible to ac-
cept such a mechanical explanation. Knowledge of die physialogy of
pregnancy has increased so greatly in the last decades that we know
that delicate biochemical reactions take place in pregnancy, and
hence, that the diversity of malformations seen in mongolism catnot
be laid to so simple a common denonunator as a narrow amnion sac.,
Morearer, some of the malformations date back to an earhier time
than the sixth or seventh week, and those disorders tahe place at a
time when mechamical pressure of the membranes is of no significance
whatsoever.

In 1939 Horst Geyer analyzed very carefully the materal of 33
cases. In rejecting other theories, he conchiuded that the essential cause
was an madequate “dysplasmatic” ovurn Such ova accut in increased
frequency at the ume of menopause and occasionally in the menarche
Under pathologic conditions, espeaially cystic ovarses ot illness of the
mother, they can develop at any ume of the life cycle. Independently,
Lotte Lande-Champain also came to the concluston that ovarian dys-
function with enswng ferulization of a “borderhine” ovum must be
considered the most likely explanation.

The maternal factors analyzed m the 75 cases reported by Benda
(1947) are tabulated in table 32

Nine women (12 per cent of all cases, hut 33 per cent of the women
above 40) showed actual cessation f’f menstruation before l’lf‘ preg

ancy which resulted in a mongoloid chald. T he most impressive fac-
tor of all is the inability to become pregnant wluﬂ: Hl:’llllfl‘sll’(l aself
<t oluntarily long intenvals between pregnancies. These intenals,
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Tasts. 34 ~Disirbution of Factors Held Responsible for Ocarian Dysfunction
in 130 Casts of Mongolesin

Leading etsologee factor No af cases
-
Group I—"Phy sologic” exbaustion of an ongmally efficient reproductive sys- 2
tem through anerwork up 10 menopause
Group [l-Prumary avanan dysfunction 60
Transitory pnotary ovanan dysfunction in adolescents 13+
Group Hl—Secondary ovanan dysfunction 68¢
(3) thyrord deficiency 24
(&) acute or subchronic diseases 16
1) rapsd tuccession of pregnancies 6
(4) Yocal disorders of ovanes or tubes 15
(e} psychic disturbance at tune of conception 2%
Lrenplaned 7
These 13 grspe aem met 13 - L A B B
tSince sene .
women appear .

Broupsis more Lhan 68 Also, 1n 7 mothers, primary and secondary ovarian d sfunction seemed
of equal impartance, therefort these cases appear ta group 1T as well as in group 11T
From Lande Champain, L. The etiology of mongohism J Child Psychol 3 53, 1954

Evidence (o_r ovarian dysfunction was summanzed by Lande-
Champarn {1934) in obsersations on 150 cases (table 34).

THE NUCLEAR PATHOLOGY OF THE ZYGOTE

ﬂ::; the chapters on _pathology and biochemistry, 1 have provided
ill\l]i?:: that mongolism is associated with cellular patholozy which
docnir
ton [ .
holism of 11 suusgusi but rather a generalized nadequacy of me-
a— 0 the cells which compose the oroamism Thme memet'—

X Jesaun lunuon
Wide chromosoma

Bate beeg ol cslal;l‘ l;\n‘omalles n abnormal sex differentiation
Qytoloy camne in l‘)’; le}(. a new discovery 1n the field of geneto-
lummnhmmtmm;:' pen Lejeune, Gautier and Turpin studied
diomeome o e :nlussne caltures and reported a supernumerary
mmcdiagly by Fo\lr‘(f'i- [‘SH‘L I'I'l\esc indings were confirmed almost
been eullected at dlﬂcrcn:: ;":i(l‘l‘:foln“:m“lm& further evudence has
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the menopause or showed evidence of approaching the menopause by
irregularities of menstruation; 92 per cent had an intersal of 3 to 16
years hefore the pregnancy that resulted in the birth of a2 mongoloid
child. In the maternal age group of 31 to 40, 48.8 per cent had bleed-
ings during pregnancy, 38.5 per cent had thyroid trouble and 635
per cent had a history of uterine and ovarian dysfunction. In the ma-
ternal age group of 21 to 30, a long interval was found in 46 per cent,
and 38.5 per cent had bleeding during pregnancy and thyroid dis-
orders. In this group, the incidence of previous abortions was also
38.5 per cent. In a group of women 18 to 20 years of age, more than
one-half of them had menstrual irregularities before they became
pregnant and also had bleedings during pregnancy. Most outstanding
in this new study is the high incidence of thyroid disorders (38.5 per
cent) in the younger age groups. The advanced age group did not re-
veal such a high percentage. A relattonship between thyroid disorders
and mongolism has been found by Myers in a study of the geographic
distribution of mongolism in the province of Ontario, Canada

The material indicates that potentially, under certain conditions,
every mother can give birth to a mongoloid child If the famshes re-
corded above had not had a mongolomid among their children, the
group as a whole would certainty represent a sample above average in
intelligence, health and fertility

A temporarily faulty oogenesis develops in previously bealthy
women who—in a large percentage of cases—have given birth to nor-
mal children before and are able to give birtls to normal children
afterwards.

Mongolism mamifests itself as a disorder of cellular activity, pos
sibly duc to some abnormal events at the time of fertilizanon The
observations add evidence to the statement that mongohsm 1s not a
hereditary disorder, nor can mongolism be constdered a “spontanc-
ous mutation” because it must be looked upon as an mduced mu-
tation due to abnormal conditions in the maternal orgamsm Fer-
tilization of an abnormal ovum has been postulated by numerous
investigators, and evidence of ovarian dysfunction has been seen m
many cases. In women beyond 40, the rdea thar the ferulized ovam
may have been “overaged” 1s not surprising Observations that the
interval between prcgnancics 1s relatively long in most mstances of
mongolism further suggests that an ovum may accasionally be fer-
tilized after resting in the ovary beyond 1ts due ume. Moreosver, the
“hormonal sterility” which I demonstrated suggests that maturation
and regular release of ova may be at fault.
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Taste 34 button of Factors Held fe for Ozarian Dysf
tn 150 Cases of Mongotism
Leading ctiologic factor No of cases
Group I—“Physiologic” exhaustion of an engmally efficient reproductive sys- 2

tem through oserworh up to menopause
Group 11—Primary ovanan dy sfunction.

Transitory prmary ovanan dysfunction m adolescents 13+
Growp 1I—-Secondary ovaran dysfunction 681
() thyroid defictency 24
(b} acute or subchromic diseases 16
(€) rapid succession of pregnancies 6
{d) Toca! disorders of oyanes or tubes 13
(€) psychic disturbance at tume of conception 24
Unexplaned 7

* These 13 cases are ncluded 1n the 60 cases of group II.

1Since several factors, as speaified 1n the subgroups, were present 1n some cases, these
¥omen appear in more than one subgroup This will explain that the sum total of the 5 sub-
ups i more than 68 Also, 1n 7 mothers, prumary and secondary ovanan dysfunction seemed
of eual smportance, therefore these cases appear 1 group 11 as well as in group TIT

From Lande Champarn, L. The etiology of mongohsm J Child Psychol 3 53, 1954

E\idm'\cc Io'r ovaran dysfunction was summarized by Lande-
Ch'nmlmn (1951) 1 observations on 150 cases (table 34).

THE NUCLEAR PATHOLOGY OF THE ZYGOTEL

In the chapters on pathol, i i v Vi
ity o P pathology and biochemistry, I have provided

imolyes c\el ':ro"gohsm 1s associated with cellular pathology which
therine ‘)s‘e?l’] “;,‘"Rnl S)stexln It is therefore not a spec.lflc organ or en-
o Found oo lillmn be held responsible for the inadequate func-
tsholism of the ﬂlh,r) 1sm but rather a genemlx{cd madequacy of me-
appears 1o e ace sl\\luch compose the organism. Thus mongolism
d"l“""lmnadm':: ccu[larldlsorder m which the gronth deficiency
2eneralied er of cellular growth regulation. The cause of this

Al gronth dcﬁclcncy must be sought in some disorder of the
Sarers and enzymatic funetion
While ¢ ’

hromoson
mal anomal PR
late been el -y lies 1n abnormal sex differentiation

el came 1'111:51\&(1, a new discovery in the field of geneto-
'"’m"(hmnmm 939 \svhen Lejeune, Gautier and Turpin studied
"'"'mmnmg ",SO:OES mlusmc’lc_uhures and reported a supernumerary
N mgelism, These findj
in 5 indings w
mediagely by Ford et a). In the poing ere confirmed almost
n collected 3¢

" 2 eantime, further evidence h
different institutions *
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For a better understanding of these events, we may briefly con-
sider the process involved in cell cleavage. As mentioned, the separate
“chiromosomes” are actually parts of a very intricate chromatn coil
which represents the structure of the cell nucleus. Under resting
conditions, the chromosomal rods cannot be recognized, and 1t 1s
only when a cell is in cleavage that the very complicated process of
chromosomal formation and disjunction occurs, Each species has a
standard number of chromosomes; and man is now considered to
have 23 chromosomal pairs, which gtves him a total of 46. In the
fertilization of the ovum, the 46 chiromosomes of the new zygote are
composed of 23 derived from the father and 23 derived from the
mother. In this way the new being has the same number of chromo-
somes as the parental orgamisms. Before fertilization, ovum and sperm
undergo cell divisions and throw off half of their chromosomes in
order to arrive at the number of 46 when both nuclet join. The
possibility has to be taken into consideration that under certain con-
ditions an overaged ovum has thrown off not 23 but 22 chromosomes,
for example, and therefore contains a supernumerary chromosome at
the ume of ferttlization by the sperm Such abnormal cells have been
observed in animals, and since there 1s much evidence that ovarian
function in the mothers of mongoloids s often at fault, the possi-
bility exists that an ovum with a supernumerary chromosome had
been fertilized.

As is obvious from this report, the cell cleavage is not a matter of
“genetics’” but of the hife of the total cell. The differenuation of the
chromatin cotl mto chromosomal rods, and the development of the
centrosomes and the even cleavage of the cell, depend on the total
hfe of the cell and its vitality, and not on the chromatin particles
themselves.

If the supernumerary chromosome found in mongolism 15 2 mant-
festation of 1nadequate disjunction and, therefore, abnormal distribu-
tion of chromatin in some cells, the impairment of the cytoplasm
pmbab\y took place mn the preparatory cell divisions of the maturing
ovum, which was then fertilized, or in the earliest stages of the
fertilized zygote cleavage It 1s rarely recognized how complicated the
metabolic processes of the enzymatic systems are and that, at different
periods of development, different and new functions are constantly
required by the same gene systems acco.rdmg to the stage of develop-
ment that has been reached. Keeler points out that:

Very Litle is known about these processes accompany tng the first 44 generattons of
emlzr)omc cell dnision .. we may name a few that have been recogmzed .
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;e e transferred to
mic substances thus created may react with the (hmmosom]‘ees osru ::l ;:;i:s 25) The
other cells where they react on the cytoplasm to produce ot rduclion ) e
presence of a twin may produce changes by inter embryonic m ocentials, potants
in the reversed characters of twins (6) A semies of gw:\(h rate pmd i l\’iuhly yord
mechanssms and organwator forces 1s indicated (7) We 11.1\esnonmmﬂ I':g'ni\l'lc),
portant reaprocal reacttons between placenta and loczusl( )] o lgrglan o
the corpus luteum 15 sumulated by the anterior pituitary hormol [.is rowed] (1)
The influence of the ovary produced Progestin upon tht.ulerus

{There 1san] effect of the Corpus luteum upon the foetus

Figure 82 demonstrates the chromosoraal assortment in a male \\'nl:
mongolism, arranged according to the clafslhcatlol? used a[t'prese}l,l
by Chu and Giles As yet, there 1s no uniformty in classifying ¢ 1e
chromosomal assortments. Lejeune uses a numbering system ll.ml is
shzluly different from the one used by Ford et al. In America, it h_as
become standard procedure to count the autosomes according to size
anddistribuuon of centromeres, from #1 to #22, and to count the sex
thromusome pair separately as #23 1 have followed this standardiza-
tion, and an iiogramt of the normal human chromosomes as d'r;\wn
b Chu and Giles 15 meluded in figure 82. As will be seen, this pa-
tient has three instead of two autosomes #22.3 There 15 a Y chromo-
some of simylar size and an X chromosome, indicating that the sex
1, 1 spute of the fact that there were clini-
al sugaestons of the Khinefelter syndrome combined v
M. as have heen described by Ford et al

Frzure 83 shows a chromosomal assortment similar to that in figure

Tina female patient lmving tno X cliromosomes and 22 autosomes
W lfl‘!: one supernumerary fragment associated with autosomal pair

ith mongol-

observations is still a magter of
he finding of a “su

permnumerary”
Bromasome Geneticists, however, dustinguished two forms of ab.
"nnal - ehromasome assortments

hromosomes

“Supernumerary” or accesso
ts, the significance of which is
be heterochromatic chromatin
* Quatagyy from 1,
uman peqersey Medtca
College of l'enm\hznl.\.
tCouneyy of Dr Chy
Sterzuug Sminh co,
Mriney Perwnal cnpany

© \3lUC of ammal experiments to he understanding of
! Geneties and Eugennes Pheladelphix, Women's Medica)
1910, pp 93-100

nted 63 plages “Forty-mne have clearly got 47 chromo.
umaton )
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For a better understanding of these events, we may briefly con-
sider the process mvolved n cell cleavage. As mentioned, the separate
“chromosomes” are actually parts of a very intricate chromatin coil
which represents the structure of the cell nucleus. Under resting
conditions, the chromosomal rods cannot be recognized, and it is
only when a cell is in cleavage that the very complicated process of
chromosomal formation and disjunction occurs. Each species has a
standard number of chromosomes, and man is now considered to
have 23 chiromosomal pairs, which gives him a total of 46 In the
fertilization of the ovum, the 46 chromosonies of the new zygote are
composed of 23 derived from the father and 23 derived from the
mother. In this way the new bemg has the same number of chromo-
somes as the parental organisms Before fertilization, ovim and sperm
undergo cell divisions and throw off half of thetr chromosomes 1
order to arrive at the number of 46 when both nuclei join. The
possibility has to be taken 1nto consideration that under certain con-
ditions an overaged ovum has thirown off not 23 but 22 chromosomes,
for example, and therefore contans a supernumerary chromosome at
tlie time of fertilization by the sperm. Such abnormal cells have been
observed in animals, and since there is much evidence that ovarian
function in the mothers of mongoloids 1s often at fault, the posst-
bility exists that an ovum with a supernumerary chromosome had
been fertilized.

As is obvious from this report, the cell cleavage 1s not a matter of
“genetics” but of the life of the total cell The differentiatton of the
chromatin coil into chromosomal rods, and the development of the
centrosomes and the even cleavage of the cell, depend on the total
life of the cell and its vitality, and not on the chromatin particles
themselves.

If the supernumerary chromosome found i mongolism 1s a mani-
festation of 1nadequate disjunction and, therefore, abnormal distribu-
tion of chromatin in some cells, the impairment of the cytoplasm
probably took place in the preparatory cell divisions of the maturing
ovum, which was then fertilized, or in the earhiest stages of the
tertilized zygote cleavage. It 1s rarely recognized how complicated the
metabolic processes of the enzymatic systems are and that, at different
periods of development, different and new functions are constantly
required by the same gene systems according to the stage of develop-
ment that has been reached. Keeler points out that-

hese processes accompanying the first 44 generations of

Very little 1s known about th
we may name a few that have been recogmzed, -

embryomc cell division
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Fic 82 —Chromosomal assortment of a male pattent (David) with mongolisnt.
(A) The chromosomes of a cell, taken from a photograph and arranged according
to chromosomal numbering of Chu and Giles Note under %22, 3 mstead of 2
chromosomes of equal size (B) Photomicrograph of the actual chromosomal as-
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material with no specific genetic or enzymatc function. Observations
on supernumerary chromosomes in many different animals species
suggest that these chromatin fragments are made up of nonspecific
genic material. The question of whether the accessory chromosome
in mongolism is genetically active cannot yet be dectded. According
to size, it is an autosome and may carry genic material of the same
nature as autosomes #22 or #21. On the other hand, it cannot be de-
nied on the basis of histologic studies that the supernumerary chromo-
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some 15 also the same size as the Y chromosome; and since sex anoma-
Yes are extremely frequent in this condition, a relationship to the Y
chromosome cannot be excluded

It s now thonght by many investigators that the third autosome 1s
tota “supernumerary” chromosome, but that the autosome comple-
ment 22 15 tsomic. This would mean that 1n addition to t'he normal
thromosome complement, there 15 either 1 {simple trisomic) or even
2 {double trsomic) chromosomes attached to one pair. Thlvs \Yuuld
indicate that the onginal cleavage of chromosomes in meiosis has
misfired and a nondisjunction has taken place, leaving the fertsized
ngote 2 24 chromosome assortment fertilized by a 23 chromosome
sperm, with the result that the offspring carries an assortment of 47
chromosomes 1 s somatic cells. The situation 13 demonstrated n
fizure 81, which shows the different stages of meiosis and mitosts of
acellith a normal assortment of 8 chromosomes (instead of 23 chro-
mosores) Under #8 of this figure, the occurrence of an abnormal
thromosome distribution can be seen mnsofar as the cell on the night
has one extra chromosome (5 Chr.) whereas the cell on the left has
ene chromosome too few.

The {nterpretation of these findings rests on several quesuions:

). TE the accessory chromosome 1n mongolism represents a trisomic
‘l“(“"m“: nislikely that it is the result of a nondisjunction at meiosis
I’:ﬂ;}‘l:i" o u‘m was ferulized Mongolism 1n this case is the result of
‘}’"tu(l::“‘zl S“Lalm'mmal, possibly “overaged” ovum, for which
by the facs 0;“‘\1!2 climeal enidence This theory 1s well supported
N adianced maternal age or—in younger women~fgr—

? Unma) :On unusuallly long mterval between two pregnancies
e ate foung ‘mz:uc cs;lﬁs have 2 trisomic assortment of pair 22 and
ot whieh 1t 0 have 46 or 48 or other chromosomal assortments—

eTe s some evidence 1n my bone marrow studies—we deal
each of g
Pl dmv:"t:‘o eelly m [nrm(az;mn (7) Two cells with new sets of 8 chromosomes
R h
hizomn P
,“hm:': b atracted 9 chromosomes while the lefs hat
g "met. The 7 chromosome <ell may
- "vlmv <ell may hecome fertlized or ¥
1R of gn agamsm wih a su;
ot m(muuuc metaphase of a

that 1n cleavage, one
M of the cell has but
die (a lethal mutanion) while the 9
s already a feruhized cell and will
pernumerary chromosome ($ Chr) (9)

Bane marrow cell 1n mongohsm accord-

ff"‘ e prml,.‘:“,f;'h(?,.!f’,"“" Apnl 4, 1959, pp 7007100 cmlm(mn o
e Ay g}

PG Ninereg : '

it aceon,

£Aminnd, 4, '

‘ o coumed £ sk cumowine shich
iy then unted as %7 but as 23 The abno X
Y Hmme s 11 (9) 45 o e elavertiot oo o abmormal super
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Fic. 84 —D T of ferul of an owum, and one

P
of the possible ways of abnormal chromosome distributron It is assumed that the
species under obsersation has 8 chromosomes (instead of the 46 in man) (J) Fer-
tilizatton of an ovum (O) by a sperm (S) Both cell nucler (N) have chromatin
coils in which the chromosomes are not clearly differcnuated. Before synapsis
(junction of sperm nucleus and nucleus of ovum), each cell throws off half of the
normal chromosomes by maturation meiosis (2) The two nucler, each with 4
chromosomes (Chr), unite (3) The newly lerulized ovum contains 8 chromosomes,
4 pn!crnnl and 4 maternal (#) In synmapsts, the homologous chromasomes form
pairs (5) Two centrosomes {C) are formed, which onient the chromosome pﬂifs
into a planc from which 4 pairs move to each side 1nto the newly formed cells
(6) Mitotic metaphase, in which 4 cl paurs (8 cl are novIng
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some is also the same size as the Y chromosome; and since sex anoma-
lies ave extremely frequent in thus condition, a relationship to the Y
chromosome cannot be excluded.

T35 now thonght by many investigators that the third autosome is
mta “supernumerary” chromosome, but that the autosome comple-
ment 2215 trisomic This would mean that 1n addition to the normal
chromosarne complement, there is either 1 (simple trisomic) or even
2 (double trisomic) chromosomes attached to one pair, This would
mdicate that the original cleavage of chromosomes m meiosis has
msfired and a nondisjunction has taken place, leaving the fertilized
gote 2 24 chromosome assortment fertilized by a 23 chromosome
e, with the result that the offspring carries an assortment of 47
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Fi6. 84 —Di ic rep of 1 of an ovum, and one
of the possible ways of abnormal chromosome distribution It 1s assumed that the
species under obscrvation has 8 chromosomes (1astead of the 46 in man) (1) Fer-
tilization of an ovum (O) by a sperm (S} Both cell nucler (N) have chromaun

oils in which the chromosomes are not clearly differennated  Before synapsis
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pars. (5) Two centrosomes (C) are formed. which orient the chromosome pairs
into a plane from which 4 pairs move to cach side into the newly formed cells
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Lihed anom ks in the karyotype as a Tesult of many different noxious agents,
¢g, adiation (Puck, Griffen and others) and chemicals (Benzer and Freese and
others), to mention two types. Under em 1 d the
kanotype shows translocation, ring formations, dicentric figures and fragmenta-
uon Under expenmental conditions it 15 possible to compare the results with sul-
Gaent normal controls, but this is not yet possible in human pathology Human

et v .

openup 2 new Feld for extensive research along the lines already opened up 1n
ancer research and insestigations into the influence of certamn chemical agents on
utlear atimny Tt may be anticpated that genetocytology will hane reached a
pontn the next decade at which anomalies of the karyotype can be considered a
Tre expression of either an heri: or m the genetic
endowment,

We may summarize that an understanding of the etiology of mon-

golism has become possible 1n recent years. Mongolism is a decelera-
Won of grourh and Aifferantia o IR .
€

no

:‘l\;;l\;rl‘\n\;lmcchhr the lite of the cell is impaired ﬂ\rough. the presénce of
e ?:éalm material which is apt to exercise an abnormal
N orgon s“item“mc‘c upon the cell. In this way the cellular hfe of
ughy ehh‘ir o lsh\:;mpzflrcfl. The cause of this disorder must be
e of the epropi ;‘mlxzanon o['an abnormal ovum or the impair-
Wlh resultn p s 1C struct\u"e in the early stages f)f cell cleavage
. g of the chr 1 d ion. The ovum

1 then trisom

ic for one of th a i

& of the sm; 11

91, accords oot all acrocentric autosomes (#22 or

he new: ing) i
Metnbers of 5 oomte e G_!:\—E‘r countxAng) ‘due to the failure of both
tithe, .
Tise g ! N

. . 7

.
Jacobs et a1 - i
al- ‘The omatic chromosomes in mongolism Lancet, 1939, p 710,



226 THE CHILD WITH MONGOLISM

with a mosaic in which certain somatic cells reveal abnormal cell mi-
tosis while other cells either maintain a normal assortment or show
even more striking anomalies in chromosomal distribution. It re-
mains to be seen whether the different chromosomal counts in cells
are the result of artifacts, and of no clinical significance, or are a true
expression of abnormal cell metabolism. In the latter case, the mosaic
distribution of abnormal chromosome numbers may ndicate a gen-
eral molecular pathology which would not necessanly be due to fer-
tilization of an abnormal ovum but could be due to noxious factors
operating during early stages of gestation. Under these conditions, the
question of whether mongolism is due to fertilization of an abnormal
ovum or occurs m the early stages of pregnancy is not yet decided.

3. If the supernumerary chromosome is a true additional chromo-
some, there is st1ll the question of whether we deal with a fragment
of genetic significance or unspecific chromatin matter. A gene rep-
resents an enzymatic system which controls a metabolic sequence. The
presence of an additional enzyme system could eastly interfere with
normal cell metabolism and could throw “a monkey wrench” into
the smooth operation of cellular metabolism. Such additional enzyme
material can have inhibitory action mn certain stages of development
as well as stumulate other processes at the wrong time. The abnormal
deceleration of growth and the faulty synchronism seen under such
conditions support such a theory.

4 An analysis of the whole Laryotype of a cell (the chromosomal
constitution) reveals that there is a great vartety of single chromo-
somes in each assortment. The chromosomes have been arranged ac:
cording to present standards in figures 82 and 83. It ts obvious, how-
ever, that many of the larger chromosomes show variations i size
and shape, some sceming to lack portions of their chromatin structure
The supernumerary chromosome could eastly be attached to one of
the incomplete individual chromosomes, thus constituting a well-
shaped pair It is therefore possible that we are dealing merely with
an increased fragmentation and translocation of chromosomes, an ob-
servation frequemly made in amimal experiments Hence, great cau-
tion should be exercised in the final evaluation of abnormal findings

5. As Curt Stern points out” The number of chromosomes alone
is only one informative aspect of the chromosome assortment Analy-
sis of the haryotype includes not only numbers but size, shape, and
other individual characteristics of the chromosome.

e analysis in the human genetocytology 1s an area of research

Such qualnali
ts very beginning In dufferent speces, genetocytology has estab

which s still at i
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Such pathology interferes w ith the process of ce}l clenage, with
possible chromosomal nondisjunction or ranslocations and appear-
anceof chromosomal breahs and mosaic furmations. Under such con-
dwions, an increased number of cells may have abnormal numbers of
thromosomes or “sticky” nonseparation of breakage. Such chro-
wosomal anomalies wterfere with the distribution of enzymes and
produce 2 dysfunction of balance and synchronism. This is exactly
what we observe in the mongoloid child.

Obsensattons on the incidence of mongolism indicate that the ap-
pearance of a mongoloid child m a famaly wsually occurs after the
birth of perfectly normal siblings, Thus the condition underlying
nongolism cannot be some persistent anomaly w the maternal or-
fmsm or cawsed by maternal gene mutation. if the mongoloid child
1born a5 the first child or m the middle of a line of siblings, we see
that perfectly normal children are born after the mongolowt. We are
lh!rcfore dealmg with a temporary condition in the mother. Yet
certin ohsenanions indicate that the mother’s fertility seems to be
Tessened after the brth of 2 mongoloid and that Jethal mutations may
Inrease, 2 indicated by the frequency of abortions before and after
the mongolosd birth,
r\?él::f :{f the maternal organism have indeed failed to produce any
ot surpos pensistent amfnahes m the max.ernal orgamsm. This will
aen ll?e ﬁcn t(!lne q\\ho considers the observations reported ‘above. How-
deamble slmé,s \;'nh Tespect to chromosomal aberrations m:ﬂ:e i
inh 10 mouuy["l(f nuclear chromatin of mothers fvho 1\9\'e given
Wis s ?};,;m chuld or who seem to l\.me fertiliey dllﬁclllll.es
el i, \minul:cre;;)scd mfxmbers of mos:ncs, may be found, with
e confirmed, o % Cl(l)m‘ ders of chmmosnm'es. Were ‘thesfz findings to
Shich f‘“lliz;mm by 1 dassume that a critical period is present n

Aer the biee i inot esirable.
hhnherornonh‘n(r)n T[ mongolord child, the question often arises
Stest proceure is (o:’ ’:;‘Sh([)ukl and could have another cluld. The
tothe 2ppearance of serghal If§tlﬂr§ which seem to have contnbuted
‘“‘“mugh t\amina(a mongol oid child The mother should undergo
nder o establish lhlaotm including a study of the endocrine system, m
225 clironic mkmﬂ;:)ndmons are favorable for procreation As
ctiona) disorders are 2 nutritional and endocrine deficiencies and
@ted, 1 3 gy Yet pos E‘rescm, anew pregnancy does not seem mdi-
Mitogense etons a‘ndnl e to make a detailed determnation of the
easeq Mieres thus the necessary examinations: but with m-
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CHAPTER X

PREVENTION AND EMPIRICAL RISK

The likelihood that the mongoloid growth disorder 1s associated with
chromosomal aberrations, thus being a nuclear molecular disorder,
poses new problems for further research and possible prevention. Re-
gardless of whether the chromatin anomalies are another symptom
of the general disorder or represent the actual cause of the defictency,
the facts indicate that we deal with a chromosomal mutation which
must have occurred at the time of oogenests or 1 the earliest stages
of embryonic development.

As pointed out in chapter IX, we are not dealing with a spor-
taneous mutatton but with an induced mutation which apparently
occurs on the basis of abnormal conditions 1n the maternal organism.
As early as 1946, I pointed out that the mongoloid child occurs under
threshold conditions of hormonal sterility The newer observations
of the last fifteen years fit well mnto the framework of observations col-
lected through animal experiments; that if the maternal organism 15
exposed to pathologic conditions which interfere with oogenesis or
cliromosome divisions, rates of mutation m the offspring mcrease
greatly and the hikelihood ot producing an abnormal offspring is
muluplied.

Regardless of the type of noxious factor—~whether x-rrradiation or
chemical, hormonal, nutritional or focal—a period of sterility 15
usually preceded and followed by increased anomales m the off-
spring. Evidence has been collected that mongolism 1s due to ma-
ternal factors, at least in the majority of cases, since certain character-
istics of the mongoloid child indicate a closer relattonship of its cel-
Iular reactions to the maternal than to the paternal organism We
have provided evidence that one of the most characteristic features
in the histories of mongolord offspring is the fact that there was a
period of inability to conceive As may be seen from tables 35 and 36,
the “long interval” before the birth of a mongolord child 1s one of
the most persistent observations In addition to this, many more de-
tails indicate that the maternal organism had been exposed to ad-
verse factors which might mnterfere with oogenesis, at least tempo-

rarily.
228
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Such pathology interferes with the process of cell cleavage, with
possible chromosomal nondisjunction or lmns!ocauons and appear-
ance of chromosomal breaks and mosaic formations Under such con-
dinons, an increased number of cells may have abnormal numbers of
thromosomes or “stichy” nomseparation or breakage. Such chro-
mosomal anomaltes interfere with the distribution of enzymes and
produce a dysfunction of balance and synchromsm This is exactly
what we observe in the mongoloid child.

Obsenvations on the incidence of mongolism 1ndicate that the ap-
feaance of a mongoloid child 1n a family usually occurs after the
bt of perfectly normal siblings. Thus the condition underlying
mongalism cannot be some persistent anomaly 1 the maternal or-

gy tormal chuldren are born after the mongoloid. We are
therefore dealing with a temporary condition m the mother, Yet
certat obsensations indieate that the mother’s fertility seems to be
lssened after the birth of 5 mongoloid and that lethal mutations may
erease, 3s indicated by the frequency of abortions before and after
the mongotoid birth,
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Under present conditions, what are the empirical risk figures for
having another mongoloid child?

EMPIRICAL RISK FIGURES

For all families that have experienced the birth of a mongoloid
child, the question of whether they should or should not have more
cluldren is a matter of grave concern: Can they have more children
without risk of having a second mongoloid child? And even people
who are not directly concerned ponder the question of “hereditary”
mmplications and seek professional information In view of the large
number of mongoloid births, the phystcian’s advice is a matter of
great responsibility.

In an article on “Empiric 11sk figures m mongolsm,” J. A. Bodk
and § C. Reed in 1950 stated, “IVhat physicians actually want to
know for counseling 1s not the frequency of mongolism among all
siblings but the risk figure for children born after the appearance of
the first mongoloid ciuld 1n the family.” Béok and Reed found that
the woman who has borne a mongoloid child has one chance in 25
to bear a second, or an actual risk 20 to 60 times greater than if no
mongolord child had been born. They based their calenlations on an
evaluation of the hterature and not on onginal research, relying
heavily on an earlier study by Penrose which had been completed
previous to 1939, Book and Reed quoted Penrose as having found
such a high risk figure, namely 3.9 per cent. They claimed that 6
of 153 siblings born alive subsequent to the first mongoloid child were
mongoloids.

Every chinictan with extensive experience in mongolism can testify
to the rarity of its familial occurrence, 1n contrast to other genetic
conditions such as phenylpyruvic amentia, gargoyhism, amaurotic
1diocy, cleft formations, and others Only 1n very few cases is a second
mongoloid cluld born mto a famly In a study of 255 mongoloid
children and their families, I found only one case of a second living

e 1 ' == subsequent to
Co . per cent
. ' + clinico-genea-
T ' 77 ron Seeland and neiglhtbor-
: i ' n reports on the famlial

that the lugh mcidence
. , “nhart (Switzerland, 1911)
is not in accord with any of the other published reports. Of 354 mon-
goloids born alive, @ster found six instances 1 which there was a

younger mongoloid child.
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It 15 apparent from the foregoing that the findings of different
msestgators vary. It is possible that some of the reports of studies
made ten 1o twenty years ago of “familial” cases of mongolism contaw
anumber of mistaken diagnoses. Of 15 cases of gargoylism seen by me
personally in the last few years, five came with the diagnosis of mon-
golism from other physicians or clinics. Knowing the great familial
icidence of gargoylism, one may wonder whether the statistical study
of Pearose’s relatively small material (which was collected between
193¢ nd 1939, at a time when gargoyhsm was pracucally unknown
and difficult 1o evaluate) included some other conditions. This seems
eien more true of Hanhart's reports, in which the mongoloids of
Swiss mstitutions were evaluated—institutions in which a great variety
of condutions {cretinism, gargoyhsm, hypertelonsm, and other anom-
alies) are massed together. A few erroneous diagnoses could well
upset the nhole statistical value of such s estigations.
m;?ge:;ndpmcal rish of having a second mongolord chuld must be
mmnmmigo greater than the nish in advanced maternal age. Other
"h!)t:;:gidma:}e, m accord with this statement, 1., Engler (!919),

e occutrence of a second mongoloid as pure accident.
Hete o o "far;\ihal" baus 15 apparently a problem m itself.
vhih 216 oy sruersne that there are specific (possibly geneu;) factors
o 2 fam) lg w;{ﬂl url\delr average conditions 1 can cite three
Wil thoof fg’m andlc h aﬂl tl \r'ee children were mongoloids, another
insunce hase 1 i 3!::0 her m;h two of three children. In only one
e petecly nurmal‘(]’:(ljongo oids among 13 siblings, 11 of whom

\ other Immimmc 11 ren Similar observations have been made
i sestug, " a case presented by D Jolly,* twin sisters

i’lg::[ birth to a mongoloid child
. Opmml‘:“l;;‘(‘é';?::\;;‘\ll:o [ha\e dealt with mongoloid twins are ot

Taemat organism 3 10 ]a mongoloid child indicates changes in
Barof, for nstance smv nlm are not always reversible. Allen and
PN, passne lnfiu € that the etiology does not test on a tem-
Peistent chponn e0(€ dunng pregnancy but on more or less
other, m the procreative or endocrine system of the
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the incidence of mongolism would be reduced if pregnancies are dis-
couraged after the age of 40 and true caution is exercised in the
menopause. That there is very much need of sound advice is pointed
out by the many accounts of mothers who had thought that irregular
menstruation or even cessation placed them beyond the risk of having
a child, and who then gave birth to a mongoloid child.

Women in Their Forties

What are the outstanding factors in mothers of mongoloids in this
age group? A considerable number of them have had many children
(five to 12), which 15 more than one would expect in a society in
which two to three children are the average. There is the oft1epeated
story of many children, then one or two muscarriages, and finally
the period of menopause when the mother thinks that her family
is “complete ** Contrary to expectations, she suddenly becomes preg-
nant; and the pregnancy continues despite poor health and some
bleedings. Poor health may consist of high blood pressure, Lidney
or heart trouble, or unspecific complamts of being tired and worn
out. Obviously this woman must be kept under careful observation
and subjected to further studies.

Then there is the woman 1 her forties who has had no children or
who had a few children many years ago (five to I8 year interval) and
who suddenly finds herself confronted with a pregnancy It may bea
case of marrying late 1 life, or of a second marrage and wanting to
give the second husband a child of his own Though most mongolords
are “wanted” children, some occur against all expectations as n the
cases of “women with long intervals ” I have made these intervals the
subject of a special inquury and bave found that the intervals were
involuntary in most instances; in spite of their desire, they had not
become pregnant. Some investigators believe that a sudden rise in
susceptibility occurs 1n the preclimacteric period, owing to increns?d
estrogen production before the cessation of the cycle. Some women in
my materaal had waited m vain all their lives, only to have impregna-
tion take place in that critical period

Factors other than advanced age are presented in table 35 As will
be seen, the first three cases were actually in the menopause, and
pregnancy took place agamnst expectation Menstruation was stll
regular in some of the subjects around 45 years of age, but the women
had had no cluldren for a long time We find both categories: (1) the
woman with many children, the mongolord being the last 1n a long
line, and (2) the woman with no 9rher children, or with few children
and those born many years earlier.
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By close obseration of these few items, the physician will know
\\h;n a case should include a careful endocrine examnation as well
a Ilemry and gynecologic management in the prenatal care
ad‘:;:::;r::ry, the most outstanflmg factors to be found 1n women of
i ey m,;e:rc habitual abortions, threatened abor}mn, menopause
ey %Fabllluy to become pregnant m a period of more than
A s long intenal need not be directly before the last

anancy but may have been present during the prime of hfe
Women in Their Thirties

H
mn;,’:g‘\l:ﬂa;: |I;“(e)§:n,ﬁ;1b‘lﬂ:h a '(Jhﬂ'erenl picture The most out-
5 (63 per cony thity to become pregnant Of 27 mothers,

) gave thns history (table 36) If we observe that many
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the incidence of mongolism would be reduced if pregnancies aie dis-
couraged after the age of 40 and true caution is excrcised in the
menopause. That there is very much need of sound advice is pointed
out by the many accounts of mothers who lad thouglit that irregular
menstruation or even cessation placed them beyond the risk of having
a child, and who then gave birth to a mongoloid child,

Women in Their Forties

What are the outstanding factors in mothers of mongoloids in this
age group? A considerable number of them have had many children
(five to 12), which is more than one would expect in a society in
which two to three children are the average. There is the oft-repeated
story of many children, then one or two muscarriages, and finally
the period of menopause when the mother thinks that her family
is “complete.” Contrary to expectations, she suddenly becomes preg-
nant; and the pregnancy continues despite poor health and some
bleedings. Poor health may consist of high blood pressure, hidney
or heart trouble, or unspecific complaints of bemng tired and worn
out. Obvionsly this woman must be kept under careful obseivatnon
and subjected to further studies.

Then there is the woman in her fortzes who has had no cluldren or
who had a few chnldren many years ago (five to 18 year interval) and
who suddenly finds herself confronted with a pregnancy. It may be a
case of marrying late in life, or of a sccond marnage and wanung to
give the second husband a child of lus own. Though most mongoloids
are “wanted” children, some occur against all expectations as in the
cases of “women with long intervals.” I have made these intenals the
subject of a special inquiry and have found that the tenvals were
wvoluntary in most instances; in spite of their desire, they had not
became pregnant. Some nvestigators believe that a sudden rise m
susceptibility occurs in the prechmacteric period, owing to mcrc:lst.‘d
estrogen production before the cessation of the cycle Some women in
my material had waited in vain all their Ines, only to have impregna-
tion take place in that critical period.

Factors other than advanced age are presented in table 35 As will
be seen, the first three cases were actually m the menopause, and
pregnancy took place ag}linst expectation. Menstrnation was still
regular in some of the subjects around 45 years of age, but the women
had had no children for a long tume. We find both categories: (1) the
woman with many children, the mongoloid being the last i a long
line, and (2) the woman with no other children, or with few children
and those born many years carlier.
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Women in Their Twenties

Unfortunately there 15 not yet enough material for a slalisficnl
evaluation of women in their 'teens and twenties who have given
birth to a mongoloid child. However, the individual observations of
sereral imestigators indicate that an “'immature” maternal organism
15 25 prone to produce a mongoloid cluld as an aging one. In a con-
siderable number of cases, menstruation has not been regularly estab-
lished before pregnancy.

In six cases of women in their twenties who gave birth to a mon-
golowd chuld, reported by me in 1949, one item was most strhing:
the frequency of threatened abortion. It can hardly be mere coinci-
dence that five of the six pregnancies were threatened with termina-
tion by spontancous abortion It may also be noted that in this group,
and only s this group, three women gave a history of menstrual dif-
fienlues before the pregnancy. Most of the mongoloids born in this
group were first children. It 15 suspected that the “threshold of
sterdity” 15 due to physiologic immaturity of the mother, whose os-
gamsms not yer ready for pregnancy.

Several additional instances of mongolism in first children of young
‘:}\1‘21“; have been observed since the time of the original study. In

ses, menarche was sometimes delayed but usually normal.

1 v v . .
llil;ltl" was always 2 period of irregular menstruation prior to the
h
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“TaBLE 36 —IWomen.in Their Thirlies: Constellation of Factors Present During Pregnancy
which Terminaled 1n Birth of Mongolo:d Child

‘Threat Os arian

Habitual abortions Thyroid Gestation period
ost

Lon;
No pree- | 0} muscarriages | snterval | disorder

ened
abortion

28 +

29 Conception
during men-
struation

High blood pressure
Poor

++

+
+

34 Cardiac disease +

]
+ 4t

Kidney disease

s
S
R e T

++

X-ray treatment

50 [ Kidney trouble +

++

54 +

women had previously had one or more miscarriages or that the preg-
nancy which termmated in the birth of a mongqlmd was threat-
ened by abortion, 1t will be seen that the mongoloid 1s born under
conditions which may be recognized 1n advance. Th(fse mothers are
known to all obstetricians as the women with habitual aboruions
and inability to have children

It may not be mere chance that of all additional faf:mrs which
mselves we find thyroid disorders (hypothyroidism) men-
es and ovarian cysts, or ovarian “trouble,” also men-
5. Poor health during pregnancy was nota signtficant

repeated them
tiohed four tim
tioned four time:
item.



CHAPTER XI

PRINCIPLES OF TREATMENT

Before we enter into a discussion of possible forms .of treatment
for the cluld with mongolism, several theoretical points must .be
clanfied The treatment of children with mongolism has met .‘mh
much opposition and has been the subject of often highly 'emouonnl
controversy. It is the opmion of a number of leading physicians that
such treatment s not only useless but even wrong from a theoretical
point of view,

It one attempts to find reasons for this rather strange view point
on the part of physicians who are dedicated to Lelping their patients
@en under the most adverse conditions, one is unable to discover
21y sound rationale for such a pessumstic attitude, For even if mon-
golsm were a congenital malformation or a mutation, its treatment
vould be justified, since treatment of many conditions of a similar
nature has proved qutte successful,
’"ﬂ:ﬂmhc disorders been corrected 1
fenit

i al malformations have been su
and e -

Not only have many genetic-
by adequate therapy, but con-
ccessfully corrected by surgery

evidence that what we call
. fetal growth and represents
d‘\:(l):’l;fl:::r:;e of ceunal growth regulation A possibly abnormal
“ndmmml"l,s:nl{uuon in the nucleus of the cell may provide clearer
isa "dllndanb o trhe metabolic disorder seen 1n mongolism. If there
t10m of genen :y;) chromosomal material—the molecular Tepresenta-
cenangy s dmm l’enzy;ne systems—the supernumerary chromosome is
anomalies of l;lr 'Ng factor within the cell metabolism The unusual
water mclabnh‘;e nenel cells, for instance, indicate disturbances of
acnity, We domv Other observations mndicate abnormal cellular
Tepresented by the what enzymauc systems are possibly
any enzymagy, dlmﬁ?‘mcd supernumerary chromatin material, but
Iecular Metaolions (:(c‘rh:cqmrex (gnher study of the abnormal mo-
30 Wil o e A mongoloid organism., The rationale of ther-

. ked out 1 the detaj
definite] T unul the details of the pathology are
Y understond, H even at the present time f;ﬁ de-

owever,
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Other observations on the relationship between nutrition and the
mcidence of congenital anomalies indicate a definite relationship be-
tween maternal conditions and the occurrence of anomalies of the
central nervous system. Among the nutritional deficiencies, we must
consider not only general factors but speatfic factors like vitamins
(vitamin A) and minerals. It is not possible at the present moment
to evaluate all the factors, The steadily rising number of animal ex-
periments, in which chromosomal anomalies are produced through
various noxtous agents, indicates that a great many factors must be
considered as possible causative agents, and each instance of mon-
golism must be studied individually with great care.

SUMMARY

All the factors under consideration indtcate that mongolism is not
an entirely unpredictable event which comes “like a bolt out of the
blue.” The collected evidence (among which are advanced age and
an antigenic correlation between the mother and the mongoloid
child) suggests that tite primary disorder may lie 1 oogenesis. Such
disorders occur 1f a pregnancy is inttiated under adverse health con-
ditions.

If the mother of a mongoloid child wishes to have more clnldren,
she should undergo a thorough physical examination which mcludes
a study of endocrine functrons. Irregulartses in menstruation, ovarian
cysts or other symptoms may indicate a condition which 1s not favor-
able, and the mother’s general health should be well established be-
fore a new pregnancy 1s undertaken
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of stigmata occurring in those mongolians with highest test in-
telligence.” .

Ifthe child with mongolism has a very sesere congenital heart de-
fect, Ins mental development is impaired through several factors.
Fistof all, the vascular deficiency associated with a circulatory and
therefore nutritional disorder of the nervous system in tself impairs
wental progress Studies of the mental development of children with
congenutal heart defects without mongolism have provided evidence
that the circulatory deficiency often causes a severe structural and
functional disorder of the pervous system, resnlung unpaired
mentation Furthermore, a severe congenital heart defect interferes
with the use of therapeutic agents and with the activities of the
duld A child who is often ill and restricted in his contact with other
huddren falls further back in mental development than those chil-

et T T ed activities
be definitely established
to the final outcome m
mental development cannot be made for several years Only then can
Acomect evaluation of mental potentialities be made. On the other
band, d\; newhorns and ifants with 1nconspicuous physical signs—
those children who look. almost normal—are very promising with ve-
Rrd to physxcal.impmvemem. With treatment they may become
anbe r::(;t‘l‘(?ok;ng lcluldrcn and adolescents whose basic condition
i llles; [xm only by the experienced obse{ver
und actors must be taken nto consideration m order to

" A .
i staricd the‘ difficulties encountered in treatment and to malke
Froper evaluation of the results,

‘hat can be expected from

nather g

Froma physical pheed from the treatment of a mongoloid child>
S b 5 lnorepxo Ol\lc\\, the child will grow more ad.eq\lately,
nipation, g kr.ma appearance and be less prone to infection,
meneq pm'n'; o({ise l.n,‘scmtal tongue and raucous vowce. From a
Wircated sacen and‘t\}' the range of treated cases ltes Detween that of
it o h:m(;c n()lqn, as dxagmmmauca}ly shown in figure 85.
s hyeg Qs bt wdicate that the majority of untreated mon-
ena 3ne of s cd\\erznr 35 and 45 and "that only a few reach a
e oy oo se‘ee 1[an 5 years The results of careful treatment,
) untreateq m“cm? n\fars, hie halfway ben\"een the level reached
T treatmmn, "[“n d that nf a normal child

M. odery dntd by z;longolold s hot merely a matter of medica-
""“““Wlnliz.nion_ m :)l;lry has accumn]at?d esudence that early
o from parents ”jmm"bmnuonal g, premature scpara-
3 , and other psychodynamic factors affect
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celeration of postnatal growth and the organism’s lack of responsive-
ness to its own hormonal stimulation require supportive therapy that
accelerates growth and differentiation.

It is, of course, unfortunate that any therapy—no matter how soon
instigated after birth—is still rather late to be effectine since the
organism of the baby has been under the influence of a faulty me-
tabolism for many months before birth. Some of the damage to the
orgamism, for instance to the central nervous system, is irreparable,
and much of the deceleration in development cannot be overcome
in postnatal life. However, there are degrees of retardation, and it
becomes more and more apparent that mongoloid children differ
among each other to a much greater extent than onginally supposed.
Physical and mental development vary in different patients. The
child with mongolism is not a “Mongehan idiot” as still so often
stated in the literature, nor is he necessarily so much vetarded that
he is to be classified only as a tramable chald. Qunte a large percentage
of children with mongolism have IQ ratings of over 50, and some
may occasionally approach borderline intelligence. Since I do not
beheve in classifying children with normal intelligence and some of
the stigmata of mongohism as mongolods, it follows that the diagnosis
of mongolism encompasses mental 1etardation to some degree. From a
physical point of view, the diagnosis is based on certain physical
characteristics which are always present but may be slight and in-
conspicuons, Wath proper supportive therapy of the child with mon-
gohsm, these signs may be so mconspicuons that laymen and even
physicians may not recognize the condition.

In the earlier stages of research on the effectiveness of treatment,
1 was under the mmpression that the children with the least con-
spicuous physical features would reach the ughest mtelligence levels,
whereas those with many congemtal malformations would have
poarer prospects. It must be mentioned that there is no absolute cor-
relation between physical anomalies and mental potentiahties. Some
children with rather striking mongoloid features reach higher n-
telligence levels than others who at first seem rather httle affected
The anomalies of the bram and resultng mental retardation are
severe in some of the most attractive children with mongolism, and
the results of treaument—perhaps satisfactory as far as physical aspects
are concerned—are discouraging in regard to mental progress

“This is borne out by Gibson and Gibbins n their study of “The
relation of Mongolian stigmata to intellectual status,” which pomts
to the p:lmdoxic observation that “linear regression analysis demon-

strates a significant relation in the direction of the greatest number
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of stizmata occurring in those mongolians with highest test in-
telligence.” )

dl];c‘li:e Ehi]d with mongolism has a very seyere congenital hefar( de-
fect, Tus mental development is impaired through several actorii
Finst of all, the vascular deficiency associated with a'cu'_culawry an
therefore nutritional disorder of the nervous systemn in |ts_elf 1mpairs
mental progress Studies of the mental development of Fl)xldre{) with
<ongemtal heart defects without mongolism have provided evidence
that the arculatory deficiency often causes a severe structural 'and
functional disorder of the nervous system, resulting in impaired
mentation. Furthermore, a severe congenital heart defccl‘mterferes
with the use of therapeutic agents and with the activities of the
thild, A chitd who 15 often i1l and restricted 1n his contact with oth'er
hildren falls further back in mental development than those chil-
e ed activities.

be definitely established
to the final outcome
“uatuerelopment cannot be made for several years Only then can
3 carvect evaluation of mental potentialities be made. On the other
band, the newborns and mfants with Inconspicuous physical signs—
those chyldren who look almost normat—are very promising with re-

Rrd to physical mprovement. With treatment they may become
Tather good-looking chuldren and

adolescents whose basic condition
“"\};C Tecognized only by the experienced obseryer
A these

[actors must be ral,
the dufficulties enco
1ation of the results
be expected from
From 3 Physical pomnt of view,

en into consideration 1 order to

understand untered 1 treatment and to make

Proper evaly .
What can the treatment of a mongolod cluld?
Wt by o the child will grow more adequately,
-2 00T normal appearance and be less prone to infection,

M, dry shin, scrotal tongue and raucous voice From a
Nt of view, the Tange of treated cases lies between that of
("M“:l‘:::;c:lml!d !I(;c norm, as dingmmmal'lca.lly shown 1n figure 85.
ol T IQ'mn wdicate that the majority of untreated mon-

s bet

lie haltway between (h,
t of a normal chuld.

ongoloid is not merely a matter of medica.
atry has accumulated ey tdence that early
of emotionat mothering, premature separa-
1on, and other psychodynamic factors affect

: e level reached
Ated yatients ang thai

Ment of the me
\ A
10 M.(x em child psycl
nnulmmnalmlinn. lack

ton from Parents, reject
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‘MENTAL AGE’
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[CHRONOLOGIC AGE]

Fic. 85 —Expectation of range of mental devclopment 1n untreated and treated
golord cluldren compared with normal develog

the development of any child n intelligence and personality struc-
ture. The mongolord cluld, so much more dependent than other
children, needs even more psychological support; and “‘treatment”
should include education, emotional secunty and care and medica-
tion. Each factor alone 1s not enough, but surprising results may be
obtained when all are combined It 1s of little use to begin treat-
ment if early institutionalization is indicated, since large state in-
stitutions are not able to apply to all patients a treatment which 1s
still in an experimental stage. If, on the other hand, the parents plan
to keep the child at home for possibly six to eight years, better de-
velopment 1s produced by early treatment, though the significance
of the results cannot be evaluated until six to 10 years have clapsed.

THYROID TREATMENT

Unfortunately the armamentarium of our pharmaceutical industry
is limited with regard to physical and mental growth sumulants Thy-
roid hormones are important in growth regulation but do not pro-
duce growth in themselves They influence the proliferation of car-
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ihge cells and their transformation into bone. Without lh):m!ldl
the cartlaginous borders remain dormant or degenerate. Thyroi
aimulates the development of the vascular tree and lm§ a strgng
ience on all metabolic processes, especially fat {netabo}xsnr With-
out thyroid hormones, the pituitary hormones are ineffective in their
action upon the target organs—especially the gonads and adrenals—
Yone growth and general cell metabolism. Since anatoric studvles as
well 25 x1ay observations indicate that all the funcuons mentioned
ahore are inadequate in the child with mongolhism, thyroid therapy
s indicated to activate the growth potenuiahties and stimulate gen-
enl cell metabolism The criticism that mongoloid children become
wetless and aggressive through thyroid therapy is completely un-
WATTANted veface A o avd san g e e 2O S eldren are
function

sty physicians teel that thyroid treatment is justified only sf
aalable tests, such as determination of protein-bound iodide or thy-
toid uptake of I, indicate a true thyroid deficiency. As demonstrated
Uelore, Muese tests are often noncontributory or mconclusive because
(1 eontrast to cretmismy the child with mongohsm has a thyroid
hich produces some thyroid hormones, which are inadequate, how-
¢, from 2 funcuonal point of view In the majority of cases, there
‘3]:‘;‘§Eﬂlmm:lid formed and thyroid activity present to heep
" o‘M“m;aun 1odide serum level within the normal range, and
1o caLIONS suggest the presence of clinical hvnathyraidiem
isr ’idi
Iy - o
a)““ ede that of “\l\:‘ﬁ) ‘1‘1‘5)1;: ({‘:):\“fot:lsnll[‘mr ﬁwx:h :mgolism must
Prcically every mongol id L et e found i
Teasan trat morn’n | Zoloid nfant and young child. 1t is for ths
been confusen “;(‘11 l,S’erl cretinism and hypothyroidism have O often
in mongolistn, and gonrgaperly’dm;gnosed: Pl’OIOnngllClel’uS is rare
chuldren by vecasionlh 1 ney er1 mxnd. in mongoloid 1pfants aqd
‘I';"-\lllic et ¥ in adults, while 1t 15 also quite Tare in
oy H .
tefer nl;"li‘xzrli‘;\sft“::‘::n of specific symptoms, Lowrey and co-sorhers
HLE frurger - T TG Which s often reduced in shilacan with 1dio.
¢ . ! \ermia, fre-
! . - heat regu-
6t admyp;,
ity h‘?:’t‘r?‘l!:?::‘fl ::mll’l doses of thyroid-about 1 ta 1% grains
¢ beneficial effect 1n overcaming constipa.
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TABLE 37 —Symptoms in Hypothyroidism*

Spmotom A R )
Lethargy % 0
Constipation 92 2
TFeeding problems or failure to gan 83 H
Respiratory problems 76 6
Dry skm 76 1
Thick tongue 67 Q
Hoarse voice or cry 67 0
Umbzlical hernia 67 8
Prolonged 1cterus neonatorum 12 o
Goiter 8 0

* According to Lowrey and co-worhers, p 132, AM A J Dis Child 96 131, 1958

1 The percentage figures indicate a positive response obtained in the hustory or noted by
parents dunng the first stx months of hfe 1 the 49 creuns studied and the 100 1nfants chosen
at random from the umversity hospital well-baby chime

tion, dry skin, sluggishness and lethargy, and preventmg develop-
ment of the thick scrotal tongue and raucous voice. Thyroid therapy
further increases the growth response of the osseous system. Dentition
may appear within a few weeks after the begimning of thyroid ther-
apy wn infants who often have no teeth or only one or tho up to the
age of 1 to 1V4 years.

X-ray studies of mongoloid infants often reveal the presence of
the first two metacarpal centers at the age of 3 months, while many
normal mnfants do not reveal these centers before 6 months of age.
The significance of this observation has not yet been cstablished
Further observations indicate that the mongoloid child 1s often two or
three years of age before any new metacarpal centers appear, and
only a small radial epiphysis may develop after completion of the
first year. Thus after the age of 6 months, the mongoloid child usually
shows a retardation 1n bone age. Under thyroid therapy, the bone
age becomes normal. X-ray observations are thercfore very helpful
in checking the efficacy of thyroid treatment at regular intervals In
mongoloid children of more advanced age, x-ray observations enable
the physician to check on advanced ms'\ﬁm(i(m, whicl is undestrable
since it may lead to a premature cessation of growth

The beneficial influence of thyroid therapy far outweighs 1ts un-
oward effects. It improves the circulation and stimulates develop-
ment of the vascular system, and this 1n turn has a bencfictal influence
on brain and liver. Even 1f the actual anomalies of the nervous sys-

tem cannot be altered, the better bram circulation produces a greater
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pychological alertness and wards off degenerative changes which are
othernise observed The same is true of the liver arculavon.

Thyrord therapy prevents premature degeneration of hone cartilage
and improves normal ossification Because of its influence upon ab-
sorphion in mgesnes, general metbalism, calclum and phosphorus
metabolisr, and the condution of the shan, the adrumnistration of
thyraud 15 not enly desirable but necessary.

Thyroid treatment in mongolism may start wich 1/10 gram, three
times datly, and may be wmcreased to 1 grain by the age of 1 year. The
optimal dosage varies with different patiens. 1 have usvally found a
dosage nnt greater than 114 grains sufficient, while 1 have observed
thatame physicrans geve as much as 3 to 4 grains daily. Sleeplessness,
uritability and diarrhea are dications of overdosage

Afier the first year, mongoeloid mfants frequently show a tendency
toolicsitas Later these children usually fall into two categories: the
stchy and pserwesght ones whose metabolism is stuggish and who
bknefit from thyroid, and the thin and restless ones whose require
ments are mare difficult to evaluate. Against expectation, some of
the Tatter hecome queter and gain weight when treated with small
#mounts of thyroid Therefore, treatment 1s not entirely contra
mdicated though it must be carefully supervised in these cases.

VITAMINS
Vitamin B,

Wether thys 1 sud to have an influence on physical growth, h'ut
a0 "K‘la!“s]'ls a fpecxﬁc action or a genemh?ed wnfluence on appetite
m“cm’:‘ ’"ff 1s not quite clear In combination with other thera-
nthe " s vitimin B, improves growth and appears to be effective

Teatment of mongoloid children.

hy i
p,mp:czd'(“‘,m‘“n“cﬂ of a number of other vitamins—such as A, B
m“m[; » E and K—has been adsocated 1n vecent years The or-

2 ﬂl‘!mf""“;e"::;ngaloxsl wnfant and child s sard to have a poorer

Sl exptain 1 e‘ itamins than does that of the average ciuld This

iy Splmshy o Hi"ei‘rller neeq for supportive therapy and mght

SUPEM monuZ)aS ;}emPY with pituitary powders seems more ef-

b poreng 50 children than fnnermal contyols, 1n whom some
Agents are destroyed in the process of digestron.

- THL USE OF PITUITARY HORMONES
Pltuitary o,
Yormineg and?htg kaend o

nown to be the mam source of growth
vt
P95t ang)

i Y gland 1 the sumulation of the adrenal cortex,

Yo ads. .:\drmocnmcn(ropic. thyrotropic, chondrotropic

,,nn:ldolmp;c Iract, i . P
actions are established beyond doulit, The
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TABLE 37,—Symptoms in Hypothyroidism*

srmvin g |
Lethargy 96 0
Constipation 92 2
Feeding problems or failure to gamn 83 N
Respiratory problems 76 6
Dry shin 76 1
Thick tongue 67 o
Hoarse voice or cry 67 4
Umbiheal hernia 67 8
Prolonged 1cterus neonatorum 12 0
Goater 8 0

* According to Lowrey and co-workers, p 132, AM .\ J Dis Chid 96 131, 1958

1 The percentage figures ndicate a positive response obtamned 1n the history or noted by
parents during the first six months of ife i the 49 cretins studied and the 100 1nfants chosen
at random from the umversity hosmtal well-baby chmc

tion, dry sk, sluggishness and lethargy, and preventing devclop-
ment of the thick scrotal tongue and raucous voice. Thyroid therapy
further increases the growth response of the osseous system. De.mmon
may appear within a few weeks after the beginning of thyroid ther-
apy n infants who often have no teeth or only one or two up to the
age of 1 to 114 years

X-ray studies of mongoloid 1nfants often reveal the presence of
the first two metacarpal centers at the age of 3 months, while many
normal mnfants do not reveal these centers before 6 months c.f age.
The sigmficance of this observation has not yet been established.
Further observations indicate that the mongoloid child is often two or
three years of age before any new metacarpal centers appear, and
only a small radial epiphysis may develop after completion of the
first year Thus after the age of 6 months, the mongoloid child usually
shows a retardation m bone age. Under thyraid therapy, the bone
age becomes normal X.ray observations are therefore very helpful
n cheching the efficacy of thyroid treatment at regular intenals. In
mongoloid children of more advanced age, x-ray observations e.nnhlc
the physician to check on advanced ossification, which is undesirable
since it may lead to a premature cessation of growth. .

The benefictal influence of thyroid therapy far outweighs its ut-
toward effects It 1mproves the circulation and stimulates develop
ment of the vascular system, and this 1n turn has a beneficial influence
on brain and hver. Even if the actual anomalies of the nerious i
tem cannot be altered, the better brain circulation produces a greater
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pychological alertness and wards off degenerative c!\angcs‘\\'h\dl are
atherwise observed. The same is true of the liver circulation.

Thyroid therapy pres ents premature degeneration of bone cartilage
and improves normal ossification. Because of 1ts influence upon ab-
sarption 10 ytestines, general metabolista, calcinm and phosphorus
metabolism, and the condition of the skin, the administration of
thyroid 15 not only desirable but necessary.

Thyrord treatment in mongolism may start with 1/10 grain, three
tmes daily, and may be increased to 1 gramn by the age of 1 year. The
optimal dosage vanies with dufferent patients, I have usually found a
dovige not greater than 1Y% grains sufficient, while 1 have observed
that some physicians gue 2s much as 3 to 4 grains daily. Sleeplessness,
nability and diarrhea are indications of overdosage.

After the first year, mongolord mfants frequently show a tendency
1o obesitas Later these children usually fall into two categories. the
stachy and overweight ones whose metabolism is sluggish and who
Benehit from thyroid, and the thin and restless ones whose requure-
Ments are more difficult to evaluate. Against expectatson, some of
the latter become quieter and gain weight when treated with small
ml;::::d t:tt‘ thyrowd. Therefore, treatment 1s not entirely contra-

ough 1t must be carefully supervised 1n these cases

VITAMINS

“I}elllamm By, is sad to have an wnfluence on physical growth, but
am‘l“‘l‘cr this 15 a specific action or a generalized influence on appetite
ol etabolism 15 not quite clear In combination with other thera.
o
b Cagents, vitamin B,, irnproves growth and appears to be effective
;: treatment of mangolosd chuldren
o \lee:dgmmmnon of a number of other viamins—such as A, B
gnmls)m (’)E ] E and K~bas been advocated in recent years. The or-
B the mong_olmfl infant and child 15 sad to have a poorer
\\nuk‘l’ “nln\e of vitaming than does that of the average chuld This
l\w explal: :‘\[\\l the greater need for suppottive therapy and might
fectpan w_oygl lher:.lpy with prtuitary nawdase con—- —gre ef.
of the - T some
The o I'HE USE OF PITUITARY HORMONES
he pituitary pl; 5
Torg and?l} : ::nd ‘1; Ln.mm to .lye ll\cA main source of growth
Y gland in the stimulation of the adrenal cortex,

thyroid a
nd gonads, Adr

. ENOCOTHCOtIO he .
and . 1C, U

d two gcmdmmp;c fractions are els)zah yrotropic, chondrolmp,c

lished beyond doubt. The
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pathology of the target organs, presented in previous chapters, pro-:
vides evidence that the tropic hormones produced in the mongoloid -
organism are ineffective in stimulating development of the target :
glands and maintenance of their full metabolism. Whether this is -
due to an madequate response of the target organs or to madequacy *
of the produced hormones is not known. Studies of the pitwtary in
mongolism indicate that the patuitary itself 1s stagnant and ap-
parently unable to discharge 1ts hormones. This would indicate that
the lack of growth regulation and stimulation lies on another level,
either in the central nervous system or in the geneial molecular me-
tabolism.

The application of pituitary hormones m mongolist is meant to
stimulate the deficient growth rate. The victous circle of inadequate
function which is seen in mongolism must be broken at some point,
and the application of pituitary hormones seems to provide a lever.
It may be restated that the therapy 1s stll in an expertmental stage,
and other hormones, possibly from the adrenal or gonads, may prove
as efficient or even more so Thus is in line with sporadic reports from
different countries where the application of adrenal or gonadal* hor-
mones has been said to be quite effective.

For reasons discussed m detail in the second edition of Mongohsm
and Cretinasm, 1 recommended as long as 20 years ago the use of calf
pitutary} in the therapy of mongolism. This was because compara-
tive studies indicated a different cellular composiion m ciuld and
adult pituitaries. Thus 1t would seem madvisable to use puwitary
hormones from adult animals in the therapy of a growth defiaency
in children, since the adult glands contamn mainly sex hormones and
only a small amount of growth factors On the other hand, the mmma-
ture gland has a more effective growth action.

*de Moragas, ] Dehydroepiandrosterone m treatment of mongolism Rey
espan pediat 14.545, 1938 The author nsed desovycorticosterone acetate (DOCA)
in the treatment of 61 children with mongolism, gning 50 mg mtramuscularly
daily for several weeks The same dosage was later given thrice weekly for a Jong
period

41 am indebted to the Armour Company of Chicago, JII, which has manu
factured preuitary capsules on my request These were ongunally desgnated as
“whole calf prtuitary” and were actually collected from tmmature animal Due to
the great increase demand and the scarcity of young anmals from which to
collect this ponder, lhc. calf piutary .mrlnulcs hm}\‘gmdually been (Il:u‘lg(‘(l'.lll

nn‘ly A fraction of the origmal patency, since a much higher dosage 15 now required
My earlier studies were done with the origimal calf pitureary exeract, and for thus
;ezson cannot be compnrcd with present day studies



RACPLES OF TREATMENT 245

Grouth factors are available for injection, but oral administration
ipreferable~being stmpler to admunister, and lacking (l\c. untoward
Pchological effects whuch may evolse from years of injections. Man-
Uture of an effective agent for oral admimstration 15 beser with
geat difficultses since potency seems to be reduced or destroyed by
destion: Moreoser, prrtutary powder collected from adult annnals
it have been fattened for slaughter seems to contatn very litele of
the growth factor.

Inorder to establish the effect of combined pituitary-thyroid treat-
Menton the growth of the mongoloid cluld, measurements were made
o ontpatient chime children over a period of 10 years The heght
dweight of each cluld were recorded In previous studies. mstitu-
tanatued mongolowd children were measured, but outpatient mate-
falseemed preferalle since these cluldren were hwing in the com-
Munity with their parents and nutritional conditions n general were
‘:;':) better and miore varied Moreover, since the study of the eflect
M“Y:‘:;:n;n;was aIso_made on children at hpme, the material is
s u:n:ea:]:(llgul:e Il/ (page 40) labuk:ltes (solid squares) the height
;Mre.d with {’1; cl]}l( ren with mongolism Thf:se children are com-
ing under ¢ (‘:i ("c crrcles) treated with prinitary and thyroid and

\;aum lrm itions simular to those of the first group.

: cal analysis of figure 17 15 given 1n table 88 For each age
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level, the number of children who are within the normal range, whe
are borderline and who are below normal is established. “Borderline”
refers to those subjects 1 whom there is not more than one year of re
tardation in height. As is obvious from table 38, the number of chil-
dren with mongolism who are within the normal range and boider.
line increases steadily with treatment, while less and less untieated
children stay within the normal range. If we take all treated children
above 10 years of age, we find that 67.0 per cent are within the normal
range, 11.0 per cent are borderline and 22.0 per cent are below nor-
mal. In contrast to this, 63.0 per cent of the untreated group are below
normal; and a single glance at figure 17 shows how much below not-
mal the majority of untreated children are, while the treated ones,
even if they are below the normal range, are much nearer to the bor-
der.

The reported differences are significant and provide evidence that
the pituitary-thyroid-vitamin B, treatment has a definite mfluence
on the growth rate. We have analyzed individual growth rates and
found that the child who 1s within the normal range at the beginning
of treatment will be able to remain there. If he is below normal, he
will maintain a normal growth rate within his own grid hne, which
15 not true of the unteated cluldren.

Recotding of weight 1s likely to be misleading since a weight within
the normal range 1 a patient who is far below nomal in height be-
tokens overweight Only if weight and height are correlated m each
indrvidual case does it become apparent that the proportion between
weight and height is much more favorable in the treated than m the
untreated cases.

INFLUENCE OF TREATMENT ON
MENTAL DEVLLOPMENT

While the influence on physical development is beyond doubt. the
influence of hormonal therapy on mental development 1s more diili-
cult to establish beyond eriticism The mfluence of hormaonal therapy
on the mamtenance of 1Q levels 1s mdicated n figure 29. But before
we can even begin to analyze the data at haud. 1t must be remembered
that many children have IQ ratings between 30 and 50 at the begin-
ning of treatment. To inprore IQ raungs of this type would mean
not only a maintenance of the mental development at a normal rate
but acceleration of mentation beyond average, which seemns quite if
ficult to achieve.

In order to determine the mental growth of the uulrcnlc(l. mongol
oid, we have conducted two separate studies One was done with Doro-
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thy Durhng at the Wrentham State School, where all mongoloids of
16 years or above were examined and their mental development retro-
specanely chiarted. Of 62 pauents on whom reliable data were asail-
able,

47 per cent had a mental age between 0 and 3 years;
29 per cent had a mental age between 3 and 4 years;
11 per cent had a mental age between 4 and 5 years;
9 per cent had 2 mental age between 5 and 6 years;
2 per cent had a mental age between 6 and 7 yeaxs;
2 per cemt had a mental age between 7 and 8 years.

This means that 96 per cent of the mstitutionalized patients who
reached 16 years or more remained on a mental level below 6 years.
Details of this study revealed that the whole number could be divided
mto three groups.

Group 1 reached a peak of development before a chronologic
age of 16 years, usually between 10 and 15, after which no fur-
ther progress was obsersed These patients all remained far
below 5 years mentally.

Gr 2
oup 2 reached a peal around the age of 18 years, shaned
progress up to that age but no further, and often showed a cer-

tain amount of deterioration. None of these patients exceeded
amental age of 5 years

In group 3, further progress wa
3 T prog vas observed after 20 years of age.
These patients gained steaduly, some up to an age beyond ?30

years A certain number reack
s hed a mental age abo
some as high as 7 years ° ve b and

One possi jecti i
e [I::i“(ll),l:zoil:]imog which may !)e made to the use of thus study
hom g ot i“\as done an {nstitutionalized patients, many of
Ha by e :u? ]u»_nsmuuon for qver.w years, It is well estab-
nok o s dgsy]c hiatry that the institutionalized patient does
his best nppom\mue: %mcen\thl;c:x‘::;; “:“()Spimh’sm" e ey
e of treatment was made on pa-
N f""l:: acucl(l)\;]n[:\‘\l\[:y, the matenal for comparison should :x]s‘:)};:c
o ot 200 o \‘:yl gl;:}up. We have therefore collected data
gt s ho live wuh. tl\e.u' familics and came to our
c for a single examination for fyrther advice and
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level, the number of children who are within the normal range, who
are borderline and who are below normal is established. *Borderline”
refers to those subjects in whom there is not more than one year of re-
tardation in height. As is obvious from table 38, the number of chil-
dren with mongolism who are within the normal range and border-
line increases steadily with treatment, while less and less untreated
children stay within the normal range. If we take all treated children
above 10 years of age, we find that 67.0 per cent are within the normal
range, 11.0 per cent are borderline and 22.0 per cent are below nor-
mal. In contrast to this, 63.0 per cent of the untreated group are below
normal; and a single glance at figure 17 shows how much below nor-
mal the majority of untreated children are, while the treated ones,
even if they are below the normal range, are much nearer to the bor-
der.

The reported differences are significant and provide evidence that
the pituitary-thyroid-vitamin B,, treatment has a definite influence
on the growth rate. We have analyzed individual growth rates and
found that the child who 1s within the normal range at the beginmng
of treatment will be able to remain there If he is below normal, he
will mamntain a normal growth rate within us own grid line, winch
is not true of the untreated children

Recording of weight is ikely to be misleading since a weight within
the normal range 1n a patient who 1s far below normal in hierght be-
tokens overweight, Only if weight and height are correlated m each
individual case does it become apparent that the proportion between
weight and height 1s much more favorable an the treated than m the
untreated cases.

INFLUENCE OF TREATMENT ON
MENTAL DEVELOPMENT

While the influence on physical development 1s beyond doubt, the
influence of hormonal therapy on mental development is more diflt-
cult to establish beyond eriticism The influence of hormonal therapy
on the mamtenance of 1Q levels js indicated w figure 29 But hefore
we can even begin to analyze the data at hand, 1t must be remembered
that many children have IQ raungs between 30 and 50 at the begin-
ning of treatment. To improve IQ ratings of this type would mean
not only a maintenance of the mental development at a normal rate
but acceleration of mentation beyond average, which seems quite -
ficult to achieve.

In order to determine the mental growth of the untreated mongol-
oid, we have conducted two separate studies. One was done with Doto
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appropriate in every case and at every age level. The therapy is not a
“cyre” but a measure to provide optimal imental and physical develop-
ment.

Two control studies have been reporu:d‘ one by Eduard Blumberg
and one by C. H Carter and M C. Maley.

Blamberg, in bis study of “Two years of pituitary gland therapy in
mongoloid children,” observed evidence of improved growth rates
and physical development. It 15 too soon to evaluate the effect on the
mental statys, since the investigation has been going on for only 1wo
Years.

Carter and Maley published a “Preluminary report on treatment of
mongolowds,” i which they give an account of daily dosages ofasmuch
354 grains of pueuitary to 26 mongoloid chuldren. This is a much higher
dosage than the one used in my study but seems justified because of
the reduced efiectiveness of the medication, The authors ot only
saw a satssfactory influence on the physical appearance 1f treatrment
was started in cluldren under 4 years of age, but also obsenved a defi-
mte influence on the mental development The mfluence on physical
aspects was most marked in the young age group and negligible in the
alder antes There was a definste smproy ement in mental development
w2 number of patents, and some of the final 1Q raungs reported by
Carter and Maley are witlun the normal range

OTHER THERAPEUTIC MEASURES

Glutamte sead attracted cansiderable interest 10 to 20 years ago, but
accumulated observations indicate that glutamic acid has no ?a;tina
influcnce on the mental development of children with mongolism It
E’w:;(\mhnm saymg that 1t does not influence the physicalodeve]op

‘m.}-:nylluaimcm had been recammended by von Wieser in 1928
ml;“;n h the exception of a study by Ira Kaplan, there have been no
Ations with regard to the benefit of thus procedure

. NEW LUROPLCAN TREATMINT METHODS
“m‘n&‘; tf{)nn of therapy has artracted considerable attention and 1s
v hie treatment of mongolism 1 some European countries
e 1}1 in Germany, and also m South America The injection of
N .hﬂc rc‘ells from freshly Lilled animals was oxiginally devised for
o (onc ;m cfxntlnffofrs The cellular therapy 15 now available in
»  hnown as “Siccacell.”* H. Haubold, who calls this 3 = 051:a
Manutactured by Pharmakon, Led + Zarich, Swatzerland g
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planning. This material seems ideal in respect to the question of how
well the mongoloid child develops in the community under optimal
conditions without treatment. The results are presented in figure 29,
together with the mental progress of 50 treated mongoloids.

Many aspects of this chart are worth discussing. The study of the
untreated mongoloids shows again that at the age of 1 year, none had
reached a mental level higher than 6 months. Even at the age of ¢
years, none had passed the 1 year psychologic mark. The surviving
mongoloid child progresses at a rate of 30 to 50 per cent after 2 years,
and at +4 years of age some have reached a mental level of 2 years or
even a hittle more. On an average the 1Q level of the untreated mon-
goloud is within 40 to 55 per cent, with a few patients doing a litdde
better and a number of patents faling completely n their develap-
ment. In this study, only one of the 200 ambulatory cases had a Stan-
ford-Binet mental age above 5 years, and this cluld had had some
treatment early in life hut no systematic follow-up.

The treated group consists of children who were being hept in the
fatmly as long as possible and for whom everytlung possible was bemg
done. Children with severe congemtal malformations were excluded
from treatment. Treatment, consisting of datly dosages of 1/10 giain
thyroid and 1 pituitary capsule, was started as soon aflter buth as poy-
sible By the end of the first year, the dosage had been imereased to
1 to 1V gramns thyroid and 2 pituitary capsules. Speafic mstructions
were given that the pituitary was not to be admnstered n single
doses

In studymng figure 29, 1t wall be scen that the treated cldien con-
tinuce to make progress after an age of 6 years, whereas the mentat age
of the untreated patient levels off and remains below a mental age of
5 years. From a staustical point of view, the effects of treatment do
not appear sigmficant until several years of treatment have elapsed
and a chronologic age of over 6 years has been attamed  However,
parents and physicians often notice the effect of treatment wathin a
few weeks of 1ts inception The infant becomes more active and alert,
his expression is more vivid, and he seems to respond more readily to
stimuli.

Since 1t is mainly intended to overcome the stunted growth and i
prore physical appearance and men.ml performance, the treatment
should be instigated as early as possible i mfancy and carned out
over the first eight to 10 years, The older the chuld, the fewer the
changes that can be expected. The treatment must be individuahized

according to the needs of the patient, and no standard therapy can be
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maturation therapy” (“Nachreifebehandlung”), has developed a spe-
cific technic. The child is first built up by the application of a variety
of vitamins, and chronic and intercurrent infections are completely
eliminated. ‘The child then receives a series of four or five injections
of Siccacell intramuscularly on four or five subsequent days. Treat-
ment is continued through the application of multivitamins, and a
new series of injections may be given after six to 12 months,

Siccacells and similar agents are called “Regenereses,” but the term
Regenereses* is apparently also used as a trade name.

According to Dyckerlioff, regenereses are

Cellular extracts containing those enzymes which act as catalysts 1 the synthess
of proteins After removal of the accompanying cellular substances, regenereses are
prepared in sterile aqueous solution and contamn no more than traces of proteins.
Most of the protewn is eliminated by special processes, in the course of which,
however, the active cellular bracatalysts are retained by the most spaving of chemi-
cal tre: Regenereses therefore differ basteally from so-called hydrolyzates
and other cellular tissue extracts in which, together with the destruction of the
protern by acid or alkali hydrolysis, a large proportion of the coenzymes and other
active princples are also destroyed  For thus reason alone, any comparison between
regenereses and the many hydrolyzate preparations available commercially 1s nes-
leading.

Haubold’s reports of Siccacell injections i over 100 cases ol mon-
golism are very optimsstic, but it 15 not yet possible to evaluate the
effectiveness of the treatment and dectde whether it 1s supettor to
others. It must be remembered that most of the children given Su-
cacell therapy had not been treated before and are often quute dys
plastic. Rather spectacular results will thercfore be produced n the
beginming 1if any attention is given to the clnld and any therapeutic
procedure is adjusted to his needs Tlus 1s also true of other thera-
peutic measures which are recommended by different physiaans who
give no details of their procedures.

In summary, it may be said that the pharmacologic treatment ol
mongolotd infants and children 1s still m an experimental stage, and
no therapeutic method can be considered a definte solution. Tt must
be stressed, however, that the therapeutic goal 1s well defined and con-
sists of the need to accelerate physical and mental desclopment and to
activate the delayed maturation It is hoped that extensiie research on
the ph:\rm:lcologlc needs of the mongolord child will result i the de
velopment of a therapy which will produce more sausfactory matura-
tion and growth of these children.

* Manufactured by Chentisclie Pharmazeutische Fabrik, holn-Braunsfcld
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EDUCATIONAL AND PSYCHIATRIC ASPECTS

From the collected observations, it 15 evident that the child with
mongolism needs more than drug therapy. Although therapy ha§ a
considerable role 1n the program of habulitation, proper education
and psychiatric handling of the child and the family situation are also
wnposiant The psychological needs have been pointed out in chapter
v, and some suggestions have been made There is also a discussion
of education, and whether these children should be brought up in
insututions o in the commumty. A few pertinent points may be re-
suated and summarized,

Honmonal and chemical therapy alone are not sufficient to produce
the opumal mental develoy of the goloid child. Specal at-
tention must be given to his emotional needs and to his pecuharities
m learning It must be remembered that these children are subject
tothe same emotional factors which psychodynamic psychiatry deems
essenual in the upbringing of normal children Their needs for af-
fection, love and consyderation are great. Those who are loved are
usually trusting, quict and loving, and have no difficulty m establish-

g contact with their surroundings and secuning interest and affec-
tion from others.

1ta mongoluid cinld finds himself unacceptable, this awareness will
ll]ﬂ\le an unfortunate influence on his development. Some of these
:‘ll!l‘dren are restless and destructive, yunmng from one place to an-
ot frrand teaning everything apart, the despair of evervone who comes

d that the
informed
suguudtl 1ot wikl neser amount to anything and
shon PO anything an:
cnnl}:‘ I‘;e PUL” it an mstitution 1immediately after birth. Thg par-
mal ,lfhf"““) and wish to conceal the fact that the cluld 15 not nor-
tanle, :le a‘rc constantly correcting the child, but fight a losing
l"]‘n\'xor oEl ;C wfluence of their attitude can often be seen 1n the
the parents the patient as well as 10 the auitdes of the sibhings 1t
n the hmﬂ‘l"ﬂl’rcl orer the defective patient and regard his presence
o such Zl:’;g:sltu;bmg Iand shameful, the older children quickly
nde a .

S and frends are o ﬁex:c[hlscr” own Then, too, neighborhood chul-
e from the unfriendl upting mfluences, and many difficulues
alder siblings e endly ams\\l\ﬂ of others. On the other hand, the
Leston, \‘\E“:’A\ﬂ,_,g‘“"n“y quite willing to accent tha cerencinm - =
u

<

reans asedse and needs special auennonu
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During the preschool years, the mongoloid child develops more
slowly and needs more time than the average for each step. He must
!:e considered a preschool child up to about 8 years of age; and realiz-
ing that the average developmental quotient is about 50 per cent or
less, the parents will know what to expect and that the child must he
looked upon as much younger than his chronologic age. The well-
cared-for mongoloid learns to walk between 2 and 2V4 years and some-
times sooner, and to talk between 214 and 314 years. Although he
cannot be expected to enter school at 6 years of age, some of these
children are on Lindergarten level at that age and may be on a first-
grade level at 8 years or soon after.

The mongoloid’s scholastic capacities are less well developed than
hs potentialities for social maturauon, Many of these cluldien have a
good memory and can acquure a large vocabulary and leain to spell
well Because arithmetic and the concept of quantities are the least
developed and offer the greatest difficultics, such chtldren will be most
handicapped in the handling of money Education as a whole should
utilize everyday material and be concentrated on the development of
concrete conceptions. Abstract thinking will always be hoted AD
these facts must be taken into consideration 1 the teaching of lan-
guage and readmg. The main goal should be development of practial
skills, and reading and arthmeue should not be stressed. .\ mongol
oid adolescent with a pleasing personahity can be guite helpful around
the house, especrally 1n rural environments, and may be able to re-
main in the community Should it be cvedent that the youngster wilt
not be able to remain in the commumty and must eventually be ad-
mitted to an msttution, it 15 better to take such a step when the child
is in fus 'teens than to wait unul he 1s 20 years of age or older, when
he may find 1t very difficult to adjust Moreover, the psychological and
emotional 1solation of some of these persons s such that 1t would be
preferable for them to jon an mstitutional group i which they will
find others of the same mentality as well as a wealth of occupattonal
facilitics and entertainment

There is no justification for the attitude that all efforts are useless
if a child is not perfectly normal Great successes have recently been
achieved in the field of cerebral palsy Can we not hope for stmlar
successes in the field of mongolism? More consideration should be
given to the problems of the mongoloud duld _.\lnny culdren weh
mongolism are educable, others are tramable The mongoloid learns
by imitation and from the example of others, and 1t 1s amazing to see
how much he can develop when proper attention 1s grven to tus neetds
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