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Empirical formulae for the proportionate growth of the
human fetus.

By LEROY A. CALKINS and RICHARD E. SCAMMON.

[From the Department of Anatomy, University of Minnesota,
Minneapolis, Minn.]

The following is a summary of a quantitative study of the
growth of 70 external dimensions of the human body in the
fetal period. Of these dimensions, 22 were of the head and neck,
28 of the trunk and pelvis, 16 were of the extremities, and 4
involved more than one major division of the body. Each dimen-
sion was determined from a series of preserved specimens, the
number of cases ranging from 207 to 369.

Each dimension was plotted against the crown-heel or total
body-length. In 19 instances the resulting curves approximated
straight lines; in 41 instances the curves approximated straight
lines, except at their upper ends. In 9 instances the relation
could be approximated by two straight lines meeting in about the
middle of the distribution. In one instance the relation in the
lower ranges was expressed by a straight line, and in the upper
by a curved one.

It was found that the departure from a straight line of the
41 curves mentioned above was due to the effects of birth mould-
ing, to changes in the form of the chest following birth, and to
formalin artifacts. Experimental studies were made of each of
these factors. Corrections for head moulding were determined
by the measurements of heads of children delivered by Cesarean
section, and second twins born with breech presentation. The
chest changes were determined by measurements of living new-
born infants. The changes produced by formalin artifacts were
also worked out quantitatively. The application of the correc-
tions thus obtained to the upper values for the dimensions of this
group reduced these curves to straight lines. The remaining 9
dimensions were mainly measurements in the anterior median
line of the body. Their departure from straight lines is prob-
ably due to posture effects, but we have been unable to work out
correction coefficients for them. Three remaining curves show
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deviations which are probably due to faulty technique and to the
combination of several experimental errors.

Since all of the dimensions which we have been able to analyze
in detail approximate straight lines, when plotted against total
body length, they may be expressed by formule of the general
type:

D=aL=*b

where “D” is the dimension in question, “L” is the total body-
length, “a” is a constant in the form of a decimal fraction and
“b” is a second constant. These constants have been deter-
mined by graphic methods and by the methods of averages and of
least squares, on the basis of the means for dimension length and
total body-length for the 5 cm. intervals of total body-length
between 5 and 55 cm. inclusive. The preceding table gives con-
stants for the formule for 33 of the more important dimensions
of the series as determined by these methods. The columns
forming the left division of the table give the average weighted
absolute and percentage deviations (summed without regard to
sign) of the observed from the calculated 5 cm. range averages.
The constants as given are for use with dimensions taken in mil-
limeters.*

Since all of the dimensions of the body which we were able
to analyze in detail are of the straight line type, it follows that
the growth in length, girth and diameter of the various external
divisions of the body is directly proportional to the growth in
total body-length in the fetal period (from at least 3 fetal months
to birth). In other words, while each dimension has its own
rate of growth with respect to body-length, this rate does not
change in the period under consideration.

When the formule are grouped according to regions, it is
found that practically all head and neck measurements have a
positive second or “b” constant. The “b” constants for the for-
mule for the chest dimensions may be zero, or small positive or
negative ones. The “b” constants for the formule for the abdo-
men and pelvis and extremities are, with one exception (arm
length by least squares), negative. Since the “b” constant is an
indicator of the amount of growth prior to the period under con-

1 A large number of empirical formule for the obstetrical dimensions of the
head have been published elsewhere. (Calkins, Am. J. Obstet. and Gyn., 1922,
iv, 109.)
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sideration, it is evident that the head and neck have grown more
proportionately than the body as a whole in the embryonic period,
while the thorax has undergone about the same relative amount
of growth as the body as a whole. The lower part of the abdo-
men, the pelvis and the extremities have grown relatively less.
This forms a quantitative demonstration of the application of
the law of developmental direction to the growth of the human
body in prenatal life.
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The antigenic properties of pneumococci and streptococci treated
with sodium ricinoleate.

By W. P. LARSON and EDMOND NELSON.

[From the Department of Bacteriology and Immunology, Umver—
sity of Minnesota, Minneapolis, Minn.]

The property of sodium ricinoleate to neutralize bacterial tox-
ins and destroy the pathogenicity of some of the pathogenic bac-
teria has been emphasized in a series of papers published from
this laboratory.» *#® The present paper concerns the effect of
sodium ricinoleate upon the pathogenic and antigenic properties
of the pneumococcus and streptococcus scarlatina.

If a solution of sodium ricinoleate is added to a virulent cul-
ture of the pneumococcus, so that the final dilution of soap is
0.1 per cent, the micro-organism loses its pathogenicity instantly.
Ten cc. or more of such a culture may be injected into rabbits
intraperitoneally without ill effects. Twenty-four hours after
such an injection, large amounts of agglutinins are present in the
blood stream. Following such treatment, the animals resist many
lethal doses of pneumococci. The serum of rabbits thus immun-
ized protects normal rabbits against intraperitoneal and intra-
venous infections.

We have studied the effect of sodium ricinoleate upon one
strain of streptococcus scarlatine. It loses its power to grow
upon culture media in less than five minutes when treated with

1Proc. Soc. Exp. BroL. AND Mep., 1923, xx, 229.
2 Tbid., 1924, xxi, 278.
8 Ibid., 1924, xxii, 194.



