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ASPECTS OF MEDICAL WORK IN NORTH CHINA
THEO. M. YATES 

Hope Hospital, Hwai Yuan, Anhui, China

Life in the Orient to an American has a fascination hard to ana 
lyze and hard to measure which draws him hack when he leaves and 
comprises the so-called "lure of the Orient."

The variety of daily life, experiences met with, one war following 
another in quick succession, and bandit raids in certain districts of 
daily or rather nightly occurence—keep life interesting. These expe 
riences and the attractive colors in some places, the interesting people 
and the friendly, considerate treatment found almost everywhere, all 
serve to blind one to the filth, the dust, the unloveliness of living 
without sewerage systems, and other conveniences of our American 
civilization. Still there are fascinating views, fascinating Oriental 
doorways (how we want during our first year to see what is within 
these), fascinating looking houses and shops that literally drag us in 
for closer inspection.

China is a mass of land about the same size as the United States, 
but with more extremes of climate, hotter and colder, wetter and 
drier. The rivers run roughly from West to East, but with many wind 
ings and the North and South water borne traffic is by sections of 
the Grand Canal, built many hundreds of years ago and never wholly 
in repair, or provided by the coastal boats, source of many a pirate 
story.
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The first shock that comes to the American in China is the num 
bers of people, crowds everywhere, rushing here and there, striving 
to eke out a living, and woe betide the individual who does not keep 
up. Even in the country districts the fields appear crowded as the 
farmer brings out his whole family, man and woman, young and old, 
to help in the work; or busy, ploughing, transplanting, reaping, or on 
the roads following the cattle, picking up the valuable droppings that 
make the fields produce.

The people are poor. Most live in mud houses, with mud floor 
and straw thatched roof, and the only light comes through the open 
doorway. At night the doorway is stuffed with bundles of reeds and 
anyone coming in wakes the sleepers with the crackling of these reeds.

As far as clothes go cotton is generally worn, single thickness and 
scarce for the men in the summer and padded with cotton wadding 
in the winter. A thick wadded quilt is a prized possession and carried 
everywhere when traveling.

What strikes a medical man is the wealth of medical work every 
where waiting to be done. On the train, from the well dressed man 
gently rubbing his scabitic hands you turn to watch the continual 
wiping of the trachomatous entropion inverted eyelids of the man next 
to you (the car boy interrupts to pass hot towels for you to wipe your 
face on and you wonder who used it last.) There may be a face cover 
ed with recently healed small pox near by and as you turn to look out 
of the window you notice the bloody diarrhoea of a passenger taking 
advantage of the stop to utilize the adjacent field (there may be a 
whole row of these squatters during some seasons of the year). Unfor 
tunate is the foreigner who is too observant but more to be pitied is 
the individual with a keen sense of smell, because outside of Shanghai 
few cities have real sewage systems and the waste from the millions 
is great in bulk and stench.

In the region of the Hwai River—one hundred miles north of 
Nanking—conditions seem to be as nearly average for rural China as 
can be found. The people are larger than the Southern Chinese, al 
though not as large in frame as the natives of Shantung and Honan. 
Considerable amounts of wheat are grown and consumed, the people 
eat little meat, and what meat they get is mostly pork.

The first and foremost medical problem that looms in North 
China is kala azar. The region where kala azar is common comprises
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about one fifth of China and while it is primarily a disease of the 
villages, it is also found in the county seat cities. A village of fifty 
families may have eight or ten cases and considering the hundreds 
of thousands of villages in the area the cases are almost countless.

The course of the disease is slow, taking up to two years to come 
to its usual fatal termination, and the method of transmission is un 
certain, although the studies conducted at the Peking Union Medical 
College connected the sand fly and the dog; however, unfortunately 
only the foreign breed of dogs seem affected.

Untreated the disease starts with irregular fevers and sweats and 
chills, and soon both spleen and liver and even the lymph nodes be 
come enlarged. The spleen may extend over the midline to the right 
lower quadrant and the liver edge may be below the level of the um 
bilicus. Leukopenia is marked and, in some cases, very few white 
cells are found—so recurrent infections are common. The mortality 
rate of the untreated cases is from eighty to ninety percent.

The treatment as carried out in our hospital was daily intravenous 
injections of an organic compound allied to Fouadin neostam. The 
average time required for treatment was about twelve or fourteen days 
and our mortality was around five percent. Up to about twenty years 
ago there was no known cure for this condition. Large doses of 
quinine were given, salvarsan and neosalvarsan were tried and then 
finally the patient in his cachectic condition would return home to die.

Then tartar emetic was used in one and two percent solutions- 
injected intravenously—starting with one to two c. c. of this solution 
and gradually increasing to twelve to fourteen c. c. but always facing 
the possibility of very toxic reactions, and many times the fatal out 
come could not be blamed wholly on the disease. However, seventy- 
eight percent of those admitted to the hospital after a stay of from 
three to six months would go home improved and the Leishman-Dono- 
van bodies once easily found in the liver pulp were reported negative.

In 1927 physicians in India began using an organic preparation of 
antimony instead of tartar emetic and found that patients tolerated 
it much better. We gave daily doses of this and were able to finish 
all injections in many cases in ten days. One German preparation— 
solustibosan—we gave in clinical trial and were able to finish all in 
jections in four days' time.

With the faster treatment and the spreading of the news that a
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cure was possible for this condition crowds of patients began coining 
in and soon up to eighty were receiving injections daily. Our total 
number of patients treated for 1940 and 1941 was over 1600 for each 
year. Other mission hospitals were even busier.

So the problem of kala azar is partly solved—mortality cut from 
ninety to twenty-two percent, time of treatment cut from six 
months to four days—but the questions of prevention and extermina 
tion are still problems of the future.

A PRELIMINARY STUDY OF THE ARTERIOSUS, (CIRCLE OF 
WILLIS). ITS VARIATIONS AND MEASUREMENTS.

DODGE D. MENTZERi 
University of Georgia School of Medicine

The vascular supply of twenty human brains was dissected. Spe 
cial attention was given to the general structural pattern and the main 
deviations therefrom of the principal arteries included in the Circulus 
Arteriosus. The following is a table showing the arteries of the circle, 
with their average lengths in millimeters:

Anterior communicating ......„„„..... __.________._...___ 3.10
Left anterior cerebral ___________..„_„___.„__„„„„_______. 15.15
Right anterior cerebral ......____......— ..._.__„.„..__ 15.71
Left posterior communicating „_....__—.____________ 12.21
Right posterior communicating ._„_„„_„„__„._____. 12.05
Left internal carotid ...... .....„_„„„.....—.—.—__—....6.19
Right internal carotid -..._____________._.......-.........._____._.5.90
Left posterior cerebral —....—..._.._.————.——. -7.05
Right posterior cerebral...———.....—.....—...._.......6.87

The Circulus Arteriosus has been described as a heptagon, or a 
figure with seven sides. The internal carotid arteries are included 
above to clarify their extent as a part of the circle. Past descriptions 
have been rather hazy regarding this role of the internal carotids, how 
ever, one anatomy book states that the posterior communicating artery 
and the internal carotid artery are combined to form one side of the 
heptagon-.

1 This work was done under the supervision of the Department of Gross 
Anatomy, University of Georgia School of Medicine.

- Circulus Arteriosus, Morris' Human Anatomy, Tenth Edition, 1942. Page 
628.
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Listed below, in the order of their frequencies, are the variations. 
(1) The normal circle is represented in Figure 1. One will notice that 
the posterior cerebral artery is a terminal branch of the basilar artery, 
and by following this pattern, the posterior communicating artery 
is located between the internal carotid and posterior cerebral arteries. 
However, in five of the brains studied, the condition persisted as illus 
trated in Figure 2. Here the posterior cerebral is a terminal branch 
of the internal carotid artery, and the posterior communicating artery

is found between the posterior and the basilar arteries. (2) There was 
a complete absence of the anterior communicating artery in three of 
the circles. In these cases, the anterior cerebral arteries either anas 
tomosed for a short distance and then branched, or they remained 
separate throughout their course to supply the medical surface of the 
cerebral hemispheres. (3) In two of the circles studied, the anterior 
choriod artery was a branch off the posterior communicating artery.

AMENORRHEA 
ROBERT B. GREENBLATT, M. D.

Augusta, Georgia
From the Department of Experimental Medicine, University of Georgia 

School of Medicine.

Amenorrhea may be primary! secondary, functional or physiologi 
cal. Both endometrial biopsy and medical curettage will yield perti 
nent information. It is well to keep in mind that amenorrhea may be 
due to primary follicle stimulating hormone lack, normal follicle stimu 
lating hormone with deficient luteinizing hormone, primary ovarian 
failure, secondary ovarian failure and occasionally due to an unre-
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sponsive end organ, i.e. failure of uterine development. It occurs in 
hypohormonal conditions such as Simmonds' disease, hypogonadism, 
ovarian dwarfism, menopause, precocious menopause, anorexia ner 
vosa, etc.; in hyperhormonal conditions such as pregnancy, lactation, 
persistent corpus luteum cyst, granulosa cell tumor, arrhenoblastoma 
and in certain pituitary and adrenal cortical hyperplasias or tumors as 
in Cushing's syndrome. Amenorrhea occurs in various metabolic dis 
turbances associated with thyroid disorder, diabetes mellitus, obesity, 
malnutrition (low protein consumption) and starvation as well as in 
certain nervous and psychopathic disturbances or following systemic 
illnesses such as influenza, mumps or tuberculosis. In many cases an 
adequate explanation cannot be found.

Primary

The female who has reached adultness and has never menstruated 
may be said to have primary amenorrhea. Examination usually re 
veals a hypoplastic uterus and genitalia. A course of estrogens followed 
by a course of progestins to imitate cyclic production of gonadal hor 
mones may bring on a menstrual flow (1). However, simultaneous ad 
ministration of both estrogen and progesterone in high dosage for 
three consecutive days in each month has proved effective when other 
methods have failed. In primary amenorrhea associated with ovarian 
dwarfism and delayed bone age, chronic doses of estrogen are admin 
istered to induce growth. If androgen therapy is added in short 
courses growth will be further facilitated, as has been shown by Wil- 
kins (2).

Secondary

Amenorrhea is secondary when a woman of child-bearing age 
gives a history of having menstruated more or less regularly in the past 
but has had no signs of catamenia for some time. Anterior pituitary 
and chorionic gonadotropin medication over not too long a period of 
time (2-3 months) or short courses of estrogen-progestin therapy are 
recommended when such therapy is indicated or desirable. In ano 
rexia nervosa or Simmonds' disease, for instance, massive doses of ster 
oid medication appear to be contraindicatecl while therapy with pitui 
tary extracts or mild stimulating doses of the steroids may achieve 
good results (3). In this connection it has been shown that testosterone 
promotes a positive nitrogen balance and is particularly helpful in this 
group. In certain of the metabolic disturbances (hyperthyroidism or 
diabetes mellitus) pituitary extracts are not indicated while the steroids 
will do no harm and possibly some good.
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Simmonds' disease as a complete syndrome is a rarity but mild 
forms of panhypopituitarism are by no means uncommon. Variable 
manifestations of panhypopituitarism are seen following pregnancy, 
especially with hemorrhage or infection at parturition. This disorder, 
due to insufficiency of anterior pituitary function, may manifest itself 
as hypothyroidism, anorexia, hypotension or bradycardia, with loss of 
libido and loss or diminution of axillary and pubic hair along with 
secondary amenorrhea. In anorexia nervosa, too, the secondary amen- 
orrhea is associated with a low B.M.R., anorexia, hypotension, brady 
cardia, loss of libido; but the restless energy, obstinate and stubborn 
mentality and the persistence of sexual hair characterize this ailment. 
However, its differentiation from panhypopituitarism at times is most 
difficult. Anorexia nervosa is primarily a psychoneurosis and only 
secondarily a vitamin and hormone deficiency disorder.

Functional

The woman who bleeds at irregular intervals varying from 2 to 
12 or more months may be said to have functional amenorrhea. Endo- 
metrial biopsy is of much help in this group, for in general the endo- 
metrium mirrors ovarian endocrine function and furnishes clues as to 
therapy. For instance, if repeated endometrial biopsy shows atrophy, 
ovarian deficiency may be assumed, which may be primary or second 
ary to hypofunction of the anterior pituitary gland. Many patients 
in this group respond very nicely to cyclic courses of gonadotropins 
but best results follow priming by estrogen (1 or 2 does of 2,000 to 
10,000 i. u. of estrone or its equivalent) followed by injections of either 
anterior pituitary extracts or pregnant mare's serum or combined an 
terior pituitary extracts and chorionic gonadotropin (4,5).

If the endometrial biopsy persistently reveals a hyperplastic endo- 
metirum one may assume an imbalance in pituitary-ovarian relation 
ship rather than a hyperpituitarism resulting in an excess of follicle 
stimulating hormone (7) as some are led to believe. Be it as it may, 
the administration of gonadotropins in this group appears to be con- 
traindicated. The prime purpose of therapy in this pituitarity-ovarian 
imbalance is to put both ovary and certain components of the anterior 
pituitary "to rest." This is best accomplished by substitutional doses 
of cyclic courses of estrogen and progesterone in moderately large 
doses.

Complete salvage and satisfactory regulation of the cyclicity may 
be expected in a goodly number in this group if cyclic estrogen-pro- 
gesterone therapy is carried on for a period of 4 to 8 cycles. The ulti 
mate salvage in this group by substitutional therapy is probably due



8 BULLETIN OF THE UNIVERSITY HOSPITAL

to various contributing factors, of which priming of the uterus, physi 
ologic resting of the ovaries, and mediation of anterior pituitary func 
tion are most important. The use of progesterone alone administered 
for 3 to 5 days in 5 to 10 mg. doses parenterally, or the use of anhydro- 
hydroxyprogesterone orally in doses of 70 mg. per day for 3 to 5 days 
or linguets" of anhydrohydroxyprogesterone in doses of 25 mg. per 
day for 3 to 5 days at monthly intervals will suffice in most instances 
to induce "progesterone withdrawal bleeding" but ultimate re-estab 
lishment of cyclic function follows more frequently from the combined 
estrogen-progesterone method of therapy.

In one patient bleeding was produced by the simultaneous admin 
istration of 5 mg. of stilbestrol and 10 mg. of progesterone over a pe 
riod of 5 days on one occasion and 5 mg. of stilbestrol and 20 mg. of 
progesterone in 4 days on a second occasion (6). This same patient 
was given nine menstrual periods in one year's time with either ster 
oids or gonadotropins. Her mental outlook was very much improved, 
her contour became more feminine, the breasts enlarged and she was 
much happier. Suction curettages performed at various times at the 
onset of bleeding revealed a secretory endometrium on several occa 
sions. When medication was discontinued she menstruated more or 
less regularly for many months and then reverted to her previous ir 
regular cycle. The improvement in her "cosmetic inelegance" (an ap 
propriate term coined by Hamblen) has nevertheless persisted.

Physiological
During pregnancy and lactation, amenorrhea is physiological. The 

endometrium during lactation is usually atrophic indicating that the 
lactogenic hormone has prevented the release of gonadotropic hor 
mones primarily or has inhibited the ovaries secondarily. Occasionally 
the inhibition is not marked and ovulation may take place which ac 
counts for the occasional occurrence of conception during lactation.

General Considerations
It must be stressed that functional amenorrhea in itself does not 

necessarily require therapy. If the patient is otherwise in good health 
but suffers psychically from the illusion that all is not well then as 
surances should be given that she is perfectly healthy and she should 
be encouraged to disregard her menstrual irregularities. Patients with 
the amenorrhea-menorrhagia syndrome of metropathia hemorrhagica 
should receive cyclic progesterone therapy (5 to 10 mg. parenterally 
for 3 to 5 days or 5 to 6 linguets of anhydrohydroxyprogesterone daily 
for 3 to 4 days) at monthly intervals to induce sloughing of the thick 
ened hyperplastic endometrium. A menstrual flow should follow with-
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in 72 hours. Such courses of therapy should be repeated every month 
for 4-6 months or longer until ovulatory menses are established. When 
progesterone induced bleeding fails to occur within 72 hours but 
does so with 14 days it may be interpreted that ovulation had occurred 
in the meantime and that the corpus luteum was functioning as in a 
normal cycle. If bleeding does not occur during this interval the 
probability of pregnancy should be entertained. The use of medi 
cal curettage, i. e. the induction of bleeding by withdrawal of pro 
gesterone administration in the treatment of the amenorrhea-menorr- 
hagia syndrome of metropathia hemorrhagica not only tends to stabi 
lize the menstrual cycle but also prevents recurrent and prolonged 
episodes of hemorrhage.

Finally, before hormonal therapy is attempted, it is to be remem 
bered that the correction of dietary deficiencies or excesses as well as 
certain environmental and psychological factors is frequently followed 
by the occurrence of cyclical menstruation.

0 The linguets are not commercially available and were supplied for experimental use by 
Ciba Pharmaceutical Products, Inc.
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MEDICINE AND THE WAR

It has become increasingly more evident that the Army needs 
soldiers trained as physicians, dentists, veterinarians, engineers, phy 
sicists, mathematicians and experts in rare languages. Therefore in 
every field with which the Army is concerned, experts have been call 
ed into council to decide upon curriculums and methods of selecting 
men to be assigned to this program. There is no intention of short- 
cutting any of the essentials of medical education, but it is to be ex 
pected that every possible means will be used to compress the periods 
involved in training.
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The Army specialized training program must provide men trained 
in two broad fields—medical, including dentistry and veterinary medi 
cine, and technical, including engineering, physics, chemistry and 
psychology.

In the medical program, the training is for a degree, as there is 
no such thing as a partially trained physician. The high standards re 
quired by the medical profession must be maintained.

In the technical program the training is not for a degree but is 
pointed to what might be called Army requirement standards. The 
technical program has been compressed by increasing the work load 
and by eliminating work in subjects not required for performance of 
the Army tasks for which the men are being trained.

Since the emphasis here is placed on the medical program, we 
shall turn at once to consideration of it.

The premedical program runs five terms, or sixty-four weeks of 
elapsed time, as compared with the three basic technical programs. 
The curriculum calls for the following work, which has been translated 
into semester hours: mathematics, 8; chemistry, 18; zoology, 12; his 
tory, English and geography, 15, and other selected subjects, such as 
languages, sociology and psychology, 25. This is a total of 86 semester 
hours.

Premedical students will be housed in the same manner as other 
soldiers, as members of a unit located at a college or university under 
the direction of a commandant, who will be responsible for discipline 
and control. They will undergo the same amount of military training 
and physical conditioning.

The medical program calls for the same number of semesters of 
work as medical standards now require. The compression here is one 
of eliminating long vacations and eliminating furlough time to about 
four weeks in each calendar year.

Medical curriculums are unchanged. Each school will continue 
to establish its own curriculums.

Medical men assigned to this program will be selected in about 
the same manner as medical students have been selected all along— 
from the premedical group. School authorities will be requested to 
do the selection job under the general supervision of the Army, as 
these men are, after all, soldiers.

Military training will be reduced to one hour a week, and physical 
conditioning will be left largely to the men to work out for themselves.
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Wherever possible, the men will be housed and messed similarly to 
other men assigned to the Army specialized training program. When 
this is not possible, commutation allowances will be granted and the 
men will make their own arrangements for board and room.

It is planned that on graduation men will be commissioned as 
first lieutenants and then placed on inactive status so that they may 
complete a year of internship or residency.

Concerning interns and residents for 1943, the Directing Board 
of the Procurement and Assignment Service has issued the following 
statement:

Interns: Graduates of medical schools who hold commissions in 
the Army and Navy will be allowed twelve months' deferment of ac 
tive duty for the completion of an internship. This makes it necessary 
that internships begin immediately on graduation. Medical school 
graduates who are deferred by Selective Service may, under the Se 
lective Service regulations, have their deferments continued through 
one year of internship. Medical school graduates who on account of 
sex, physical defects or other causes are not subject to induction or 
likely to be reclassified by Selective Service are not officially restricted 
as to the length of internships which they may serve but they too, have 
a responsibility to make themselves available as early as possible for 
civilian services which contribute to the war effort.

Residents and Fellows: Interns who have already had a year of 
hospital service must be considered as residents for the duration of 
the war. Although the Army and Navy appreciates the importance of 
graduate training in the various specialties of medical practice, they 
do not feel that they can at the present time defer calling interns to 
active duty in order that they may continue specialized training in 
civilian hospitals. Therefore, the only justification'for the continua 
tion of residencies and fellowships during the war is that they are 
essential for the provision of medical care for the hospital patients 
or for the clinical training of medical students. In view of this situa 
tion, there are several principles that must be followed in the selection 
of hospital residents or clinical fellows for 1943:

First, the minimum number of residencies with which each hos 
pital can function must be determined. For 1942 the Directing Board 
of the Procurement and Assignment Service stated that in general this 
number should be less than 50 percent of the number of residents that 
these hospitals had before the war. For 1943 this number must be re 
duced still more.

Second, having determined the minimum number of residents that
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are essential, these should be selected from the following groups in 
order:

1.—Physicians who for physical or other reasons cannot qualify 
for service with the Army or the Navy.

2.—Present interns or residents who are deferred by Selective 
Service. Preference in this group should be given to those who have 
been deferred in Class IV-F and Class III-A or III-B and maintain a 
bona fide relationship with wife and/or children.

3.—Present interns who hold commissions in the Army or Navy. 
No requests for deferment of individuals in this group should be made 
until the possibilities of filling essential residencies from individuals 
in groups 1 and 2 have been exhausted. It is impossible at the present 
time to give assurance that interns who hold commissions will be de 
ferred. The Surgeon General of the Army and the Surgeon General 
of the Navy have assured the Procurement and Assignment Service of 
all possible cooperation in meeting this situation. On the other hand, 
the urgent need for medical officers in this age group and the necessi 
ty of securing the authorization of the War and Navy departments to 
hold men with commissions in an inactive status beyond one year of 
internship make it imperative that hospitals make every possible effort 
to fill essential residencies and fellowships without depending on in 
terns who hold commissions or those who might be subject to induc 
tion by Selective Service.

All efforts will be made to maintain an effective program of medi 
cal education during the war so that the medical profession and the 
Army together can fill the Army's medical needs.

NOTE: Abstract from: The Journal of the American Medical Association. No, 121. PP. 
631-640, February 27, 1943.

GROWTH
By CHARLES R. NOBACK, Ph. D., Department of Microscopic Anatomy,

University of Georgia School of Medicine
Development implies increase in complexity (differentiation) 

while growth implies increase in size. In the strict sense, embryology 
is the study of the development of man during the period of embryo 
(up to the third fetal month of age) which is the time of great differ 
entiation and slight growth. Gross human anatomy is primarily the 
study of the anatomy of the mature man as a static organism. De 
velopmental anatomy is the study of the development and the growth 
of man during the entire life history but primarily from the beginning 
of the period of the fetus (third fetal month) through senility. De-
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velopmental anatomy fulfills two important functions in the under 
standing of human morphology: viz. (1) The interpretation of man as 
a morphological unit in time in terms of the entire life history from 
fertilization to death at senility, (2) The study of the anatomy, de 
velopment and growth in the breech between the period of the embryo 
and the period of maturity and after the period of maturity through 
the period of senility.

The purpose of this paper is to present some of the fundamental 
aspects of the growth of the body and its organs as representative of 
one phase of research in the field of developmental anatomy. This ac 
count is based mainly on the work of Scammon C30).

The linear growth and the ponderal growth of the body, its seg 
ments and its organs are essentially similar during the period of the 
fetus (third fetal month to birth). The characteristics of the fetal 
curves of the linear and the ponderal dimensions plotted against time 
are a period of slow growth in the early part of fetal life, a definite 
rise in the rate about the middle of fetal life (approximately the fifth 
fetal month), and a rapid growth thereafter to birth. For example the 
pancreas weighs .1 gram at 4 fetal months, .2 gram at 4V2 fetal months, 
.4 gram at 5'/2 fetal months, 1.1 grams at 7 fetal months and 3.2 grams 
at birth (Scammon, '27). The similarity of the prenatal growth curves of 
the body, its segments and its organs ceases at birth.

There are four fundamental patterns of growth and two miscel 
laneous groups of growth patterns that are recognized during post 
natal life. The four fundamental patterns of growth are (1) General 
type of growth, (2) Neural type of growth, (3) Genital type of growth, 
and (4) Lymphoid type of growth. The two miscellaneous growth pat 
terns are (1) Combination of two of the four fundamental patterns of 
growth and (2) Unique growth types of some individual organs. The 
curves of these postnatal patterns of growth are obtained by plotting 
the linear dimensions, or the ponderal dimensions or, although not 
adequately analysed, the areal dimensions of the body, its segments 
and its organs against chronological age.

General Type of Growth: The body as a whole, the external di 
mensions (with the exceptions of the head and the neck), the respira 
tory and the digestive organs, the kidneys, the aorta and the pulmo 
nary trunks, the spleen, the musculature as a whole, the skeleton as a 
whole and the blood volume exhibit similar growth curves during post 
natal life. The curve of general growth, exhibited by the above men 
tioned regions and organs, shows a period of rapid growth from birth 
through infancy (slightly over the first year) succeeded by a period of
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progressive but slow growth during childhood followed by a parapur- 
bertal spurt of rapid growth succeeded by growth at progressively low 
er increments during adolescence and early maturity to a leveling off 
of the growth during maturity. After maturity a slow regression of the 
curve is manifested. The weight of the kidney at various ages may be 
taken as an example of the general type of growth. The kidney weighs 
approximately 22.5 grains at birth, 71 grams at from 1 to 2 years, 140 
grams at from 14 to 15 years, 287 grams at 20 to 21 years, 274 grams 
at 50 to 60 years and 244 grams at from 70 to 80 years. These average 
weights are taken from the data of Boyd ('41) after Scammon and Wald 
('37).

Although the growth curves of all the organs classified into the 
general type of growth do not coincide with each other during all of 
postnatal life, they are fundamentally alike in that their progression 
with age is similar and the ages of change from growth at high incre 
ments to low increments and vice versa occur at approximately the 
same times. A shift from growth at a high increment to a low incre 
ment occurs at the time between infancy and early childhood (approxi 
mately the second year) and at the end of the parapurbertal spurt (end 
of puberty). A shift from growth at a low increment to a high incre 
ment occurs at the time between late childhood and puberty.

Neural Type of Growth: The brain and its parts, the dura, the 
spinal cord, the optic apparatus and many head dimensions exhibit 
similar postnatal growth curves which are characterized by growth at 
an extremely high increment from birth until the end of early child 
hood (at six years) at which time the linear and ponderal dimensions 
of these structures have reached approximately 90 percent of their 
adult dimensions. Following this period the increment of growth 
rapidly decelerates to a low increment which persists until maturity. 
After maturity a slow regression in the curve is manifested. For ex 
ample, the brain weighs 350 grains at birth, 1250 grams at the sixth 
year and 1400 grams at maturity (Scammon and Dunn, '22).

The shift in the topographic relations of the vertebral column and 
the spinal cord from birth to maturity is a reflection of the different 
types of growth exhibited by these two structures. The vertebral col 
umn follows the general type of growth curve while the spinal cord 
follows the neural type of growth curve.

Genital Type of Growth: The genital organs except for the uterus 
exhibit the genital type of growth curves characterized by slow growth 
during infancy and scarcely any growth at all from fourth year until 
the latter part of the first decade after which the increment of growth



BULLETIN OF THE UNIVERSITY HOSPITAL 15

rises rapidly. Growth at a high increment extends throughout the 
parapubertal period, adolescence and into early maturity. A slight 
regression in the curve occurs after maturity. For example the testis 
weighs .85 gram at birth, 1.6 grams at from 3 to 5 years, 7 grams at 
12 to 14 years, 15.5 grams at 14 to 16 years and 34.5 grams at from 20 
to 30 years (Scammon, '30). The period of rapid growth commences 
earlier in the female than in the male genital organs.

Lymphoid Type of Growth: The lymphoid organs including the 
thymus, the lymphonodes, the splenic white pulp and the intestinal 
lymphoid masses grow rapidly with a high increment from birth until 
puberty at which time these structures have attained a size or weight 
that is, on the average, 90 percent greater than the mature size and 
weight. These values vary from the mesenteric lymph nodes which are 
20 percent greater in weight at puberty than at 20 years of age to the 
thymus which is 120 percent heavier at puberty than at 20 years of 
age. From puberty to maturity the growth of the lymphoid organs de 
creases at a rapid rate until maturity at which time the curve levels 
off. The number of Peyers patches and the number of lymphoid fol 
licle in the appendix follow the lymphoid type of curve. At puberty 
there are 160 per cent more Peyers patches than at 20 years of age.

Miscellaneous Growth: The growth curves of certain organs and 
body regions, whose growth curves cannot be classified into any of 
the four primary growth curves, may be classified into one of the two 
following groups:

A. Combinations of Two of the Four Fundamental Patterns of 
Growth: During the first two decades of postnatal life the circum 
ference of the head and the circumference of the neck grow by a 
combination of the neural type of growth and the general type of 
growth. During infancy and early childhood these two dimensions 
grow rapidly with high increments, neural type of'growth, and subse 
quently, they grow with a low increment until the parapubertal spurt 
of rapid growth followed by a period of low increment until maturity, 
general type of growth.

B. Unique Growth Types of Some Individual Organs: The uter 
us, the adrenal glands, the hypophysis, the lens, the alveoli of the 
lungs, the greater arteries, and possibly the thyroid glands have indi 
vidual curves of growth that differ from the above mentioned types.

The prenatal growth of the uterus is similar to the other organs 
up until the seventh lunar month. From this time until birth, growth 
of this organ proceeds at a higher increment than the other prenatal 
organs. A rapid natal involution of the uterus occurs immediately
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after birth as the organ drops from a weight of 4 grams at birth to 
1.5 grams at 2 months. After this initial drop the uterus follows the 
typical curve of genital growth.

The adrenal glands follow the typical prenatal growth curve to 
birth. A natal involution of these glands occur immediately after birth 
as a result of the degeneration of the inner four-fifths of the adrenal 
cortex. These organs drop from a birth weight of 8 grams to 4.2 grams 
at 2 months (Scammon, '26). After this drop in weight the glands grow 
progressively with an irregular curve to maturity. The newborn 
weight of the adrenals is not reattained until puberty and the adult 
adrenals are only twice their newborn weight. •

The thyroid glands and the hypophysis grow progressively with 
rather constant increments from birth to maturity exhibiting no para- 
pubertal acceleration.

The lens, the greater arteries and the alveoli of the lungs exhibit 
unique growth curves in that they grow by small positive increments 
after maturity. The lens follows the neural type of growth curve in 
infancy and early childhood. Following this growth the lens grows 
in weight and volume at a low positive increment through senility 
(Scammon and Hesdorffer, '37). The growth in caliber of the arteries 
is directly related to the volumes or weights of the regions they sup 
ply. With the separation of the placental vascular bed at birth, the 
greater arteries passing to the placenta undergo a reduction in caliber. 
After the adjustment of caliber of these vessels they continue to grow 
in proportion to the size of the regions they supply. Except for this 
period of natal adjustment the greater arteries follow the general type 
of growth curve to maturity. After maturity the greater arteries grow 
slowly in cross sectional area at a low positive increment from ma 
turity through senility. (Thoma, '93). The alveoli of the lungs ap 
parently grow slowly by a low posiitve increment^ from infancy to 
senility (Rossignol, '46).

The growth of the linear, ponderal and possibly the areal di 
mensions of the body, its segments and its organs is remarkably uni 
form during fetal life (three fetal months to birth). The growth of 
these same dimensions during postnatal life is striking for its diversity.
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