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I . Introduction. 

In defining the title of this paper it is desired to make 

clear the limits of the work undertaken. 

Growth changes in the human thorax are almost infinite in 

number, so that at the outset of the investigation it was necessary 

to make a selection. After a preliminary study of the literature 

on the fetal thorax, and of the material available for measurement , 

it was thought that the most promising field for investigation was 

the growth of the thoracic wall throughout fetal life . 

Many careful observations have previously been made on both 

wall and contents of the thorax during its embryonic stage; but 

relatively fewer in the fetal stages . The gap between the 

embryological laboratory and the dissecting room is very great , 

and seems to offer large opportunities for research. 

The organs contained in the thorax have hitherto received more 

attention than has the thoracic wall · The present investigation 

will deal only with the walls of the thorax, and their changes in 

form, size and relatipn occurring in utero . The organs contained 

will be merely incidentally considered as their growth influences 

the growth of the walls. Furthermore , the soft parts lying outside 

the thoracic cage, and connecting the upper extremity with the 

body, will be ignored as far as possible . They belong chiefly with 

the upper extremity rather than the thoracic wall, whose growth it 

is desired to analyse in this pa:per. 

II. Literature. 

The literature on the growth of the thoracic wall during fetal 

life is very scanty. Measurements heretofore undertaken on the 

thorax seem to have been made largely in relation to the phylo

genetic theory of "recapitulation". 
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Duckworth ( '04) says, "The importance of embryology (to the 

anthropologist) depends upon the we11-known generalization of 

Kowalewsky following v.Baer and Meckel, to the effect that the 

individual organism recapitulates in its own developmental history 

the several stages through which its ancestors passed in their 

evolution" . So 11 the human embryo should provide material for the 

reconstruction of the history of the human race 11 • But he admits 

l ater that "this history is at best epitomized or abstractedn--

"with certain phases so abbreviated as to be hardly perceptible, 

or actually omitted". 

The theory of an ontogenetic vertebral shortening of the 

thorax, claimed by Rosenberg ('O?) to be comparable to the phylo

genetic shortening in Primates , is not considered proved . 

Rosenberg claimed that a 13th rib is normally present in embryos 

of 20-30 mm. 1Iinot ( 1 9?) says "Its proximal end chondrifies, and 

fuses with the vertebra. In its embryonic stage it is strictly 

comparable with the 13th dorsal vertebra of Troglodytes" ; i.e. 

the Hylobatidae, Gorilla and Chimpanzee. 1inot further says, "It 

disappears in Ontogeny as in Phylogenyrr . This is denied by Holl , 

Bardeen and Paterson ('10). 

A favorite measurement for the anthropologist is the thoracic 

index, or the relation between the mid-sagittal diameter, and the 

lateral or coronal diameter at the same level. Without going into 

a complete historical review of the literature on the thoracic 

index, it will suffice to say that the index was at first reckoned 

(by Broca and others) like the cephalic index, which is the 

percentage ratio of the antero-posterior to the lateral diaireter. 

Hutchinson, Seaver and other American anthropometrists reversed · 

the formula, and expressed it as the ratio (expressed as a 
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percentage) of the lateral diameter to the antero-posterior . Or, 

De~th x lOO = Thoracic Index. readth With this formula , a low index, 

65-?0 , indicates a chest flattened antero-posteriorly. Cunningham 
and some others still use the old formula, viz . Breadth x 100 T. I . 

Depth 
With this , an antero-posterior flattening would be shown by a high 

index. It is unfortunate that there is not a uniform usage in the 

literature . The writer has used the American type of formula . 

It was found that this relation changed very much from the 

early embryonic period to the period of birth, and somewhat even 

after birth. The thorax in the early embryo is flattened from 

side to side , as it is in some quadrupeds; then becomes barrel-

shaped , and finally flattened from before backward . 

Wiedersheim ( '08) says "One can in mammals distinguish two 

tn>es of thorax-form, one primitive and one secondary" . He 

desc·ri bes the primitive type as "a form in which the dorso -ventral 

diameter far exceeds the transverse, so that the thorax appears 

' keeled"' . The secondary type he describes as "barrel-shaped , or 

even pressed flat from before backward" . He further says "This 

secondary type has the primary as an antecedent , both ontogeneti-

cally and phylogenetically" . The Q_uestion as to the primary type 

of the mammalian thorax will be discussed in Section 4 of this 

paper , and need not be gone into here . 

This division into Primary and Secondary types has apparently 

heretofore been accepted without question. iedershei!~quoted by 

Ludwig Mendelsohn ( '06) as bringing nthe transfon:nation of the 

type into connection with a functional change in the method of 

progression of the race ; viz. with the upright position of the body 

and the transformation of the upper extremity into a gripping 

organ . " 
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Keith ('13) also says "In quadrupedal animals such as the 

horse or dog, in which the chest rests and is supported between 

the fore-limbs , the thorax has its greatest diameter in the dctrso

ventral direction. In upright animals (man , anthropoids, and also 

some water-living animals such as seals, etc.) the transverse 

diameter becomes the greater. At birth the diameters of the 

child's thorax are nearly equal." 

Jackson ('07) questioned whether the upright posture acting 

through gravity was enough to account for the change from the 

"primary" to the "secondary" type. He performed some experiments 

on a dog which from birth was kept in an upright position for about 

a year. It was then killed, and its thoracic index found to be 

115.4, slightly greater than in the .newborn dog (112.5), but much 

less than in the adult dog (134.3) from the same litter. 

Jackson also pointed out that the two types, human and 

quadruped, are both evident before birth, and therefore cannot be 

explained as due entirely to gravity. 

Rodes ('06) showed a racial difference in the thoracic index 

between negroes and whites (lower in negroes); and made a few 

measurements on the fetus, with curves showing the changes which 

take place both before and after birth. In his excellent review of 

the literature of the subject Rodes quotes Symington as saying that 

the index varies so much that it is "unsafe to draw conclusions 

from individual specimens". F:ser ( 1 14) says, "Like other recently 

acquired characters, this shallowness of the thorax is variable". 
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It will be noted that not the same number of cases is 

represented in each table and graph. Certain measurements were 

impossible on the very small and delicate fetuses without destroy

ing them. 

a . Hu.man embryos and fetuses . --From 35 mm. up , at fairly 

consistent intervals, a series of about 50 human fetuses was 

selected by Prof . R. E. Scammon from the collection in the depart

ment of Anatomy at the University of Minnesota . These were set 

aside for measurements of the thorax by the writer . The abdomen 

and pelvis of the same fetuses were studied by ~iss Helen hlackeen. 

There was also a series of nine embryos taken from those figured 

by Hochstetter ('07) and Keibel and Elze ( 1 08) , measurements of 

which were made and used in the present study. A series of 25 

figures of mid-sagittal sections of children and adults in the 

6ollection of Prof. c. M. Jackson was measured in the study of the 

sterno-vertebral angle. 

b. Living children . --A series of six living children from 

6 months to 27 months old was measured , to check up certain 

relations and angles after birth. 

c . Mammalian skeletons . --when a study of the literature of 

the thoracic index in mammals seemed to show the necessity for a 

further investigation both from the phylogenetic and the onto

genetic standpoint , the writer .worked over the material available 

in the collections of the Department of Animal Biology, and ran 

through a series of fetal pigs and sheep obtained from the stock

yards at South St . Paul . This was supplemented during a trip to 
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New York by a study of mammalian skeletons in the American Museum 

of Natural History. 

d . Some living mammals in the collection of the New York 

Z~ological Society at Bronx Park were also measured. 

e . Some mammalian embryos in the collections of 

Prof . G. S. Huntington of New York , of Prof. c. F. w. McClure of 

Princeton, and of Dr. c. H. Heuser of the Wistar Institute of 

Anatomy in Philadelphia were also measured . 

2 . Methods. 

The methods of measurement may be summarized as follows. The 

intact embryo or fetus was used wherever possible, as measurement 

on cross - sections is often rendered unreliable by the uncertainty 

of the plane of the section, and other factors in the preparation 

of the specimens . Allowance had to be made in the fetuses for the 

swelling and oedema produced by prese~vation in formalin; but as 

most measurements were those of relation, it was assumed safe to 

ignore the swelling, as it would apply equally to all dimensions of 

a given specimen. 

a . Instruments used . --In taking perimeters and diameters it 

was necessary to use the tape or micrometer calipers with the 

greatest care to maintain equal pressure at the different points , 

and sometimes to take repeated observations to get accurate results . 

here measurement involved bony points .it was necessary to press 

out the subcutaneous fluid (where present) , as for example, over 

the lower end of the sternum and the costal arch , or over the last 

rib and dorsal spine . The details of the method of measurement 

employed there will be given later . 

b. Models made . --A series of ten fetuses at fairly regular 

intervals from 50to 319 mm. crown-heel, was selected for the 
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purpose of making plaster casts of the trunk. The trunks were 

dipped in melted modelling wax, cooled and dipped again, till a 

coat of wax 1/4 to 1/2 inch thick had been formed . After thorough 

cooling this was cut down to a mere body-casing, and this casing 

was split into anterior and posterior halves by a cut from the 

upper limit , through the arm- and leg-holes , and across the 

perineum. This process furnished a very perfect matrix which 

recorded every wrinkle of the skin , and in some cases even the 

areola of the nipples . The two halves of the mould were then 

fastened together , the arm- and leg-holes plugged with 

"Plastioene" , and the mould was filled with liquid plaster of 

Paris through the neck opening. This series of ten casts was then 

compared with the originals, and carefully measured with the 

micrometer calipers , to locate the principal bony landmarks of the 

thorax from my own measurements; and of the abdomen and pelvis from 

those of Miss 1ackeen, who shared with me the labor of preparing 

both the wax moulds and the plaster models . 

Silhouettes of these models in two planes were drawn under 

the Edinger projection apparatus with all lenses removed, and only 

the low-power condenser retained. While the rays were not 
~. 

parallel , yet the error was constant for all~ These composite 

silhouettes were thought to be better for accurate comparison than 

photographs would be . ~~ul 

On the silhouettes taken in the sagittal plane there was 

indicated the projection on the skin of the underlying bony points , 

Which had been located and indicated with India ink before giving 

to the models their final coat of shellac . This furnishes a means 

Of directly comparing the dimensions of a given region throughout 

a l arge part of its intra-uterine growth . For the anterior and 
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posterior walls , these are well shown in the sagittal composite of 

the silhouettes . 

A composite contour of these models at the level of the 

xiphi-sternal junction was made by tying a white string tightly at 

the indicated level , and standing the model upright under the 

glass plate of a dioptograph; then by carrying the cross-hairs of 

the instrument along the inner margin of the string, the exact 

contour of the chest at that level could be indicated by the pencil 

of the pantographic arm. The chest-pantograph described by 

W. S. Hall ('03) was tried, but seemed subject to considerable 

error , and much less convenient to use . This instrument would 

probably be better for an un-mutil&ted fetus , where arms and legs 

would interfere with the use of the dioptograph. 

The larger material of these composites was measured direct 

from the fetal trunk. Here the projection apparatus was subject 

to a larger degree of error , due to parallax; but the error was 

equal in all directions for each specimen, so did not change the 

proportions . The four largest chest-contours were taken with a 

piece of insu.lated thin copper wire , easily bent into shape, and 

yet thick enough not to sink into the skin of the specimen . This 

was passed around the chest , and the ends hooked together over the 

sternum after the wire had been brought into continuous contact 

with the chest wall · It was then removed by unhooking the ends , 

and carefully slipping the loop of wire down over pelvis and legs 

Without changing its contour . Its ends were then hoo%ed up , and 

it was laid flat on the chart . Before the tracing was taken around 

its inner margin , both its lateral and antero-posterior diameters 

were che ck ed up with the calipers and compared with the specimen. 
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c . Measurements taken. --In table I first comes a group of 

measurements for the identification of ' the specimen, and to afford 

a basis for calculation of its approximate age . Then are recorded 

two dimensions chosen to show linear growth of the sternum through

out fetal life. The sternum was measured from the xiphi-sternal 

joint to the incisura jugularis , omitting the meta-sternal segment 

as not significant of growth in the anterior thoracic wall. 

Next come measurements having relation to the nipples, to see 

what changes in position (if any) took place during intra

uterine life , either vertically or horizontally. This location 

varied in both directions with the amount of swelling present in 

the subcutaneous tissues. The result of this measurement was not 

considered to justify any definite conclusion as to change . 

Then are recorded two measurements having relation to the 

infra-sternal angle . This was first measured by a simple gonio

meter , and the quadrant-reading recorded in the appropriate column. 

Then the midclavicular line was determined on each side , and the 

point where this line intersected the costal arch taken to 

represent the tip of the ninth rib. It was recognized that the 

ninth costal cartilage may extend along the oostal arch some 

distance medial to this point , but it was desired to fix a point 

on the lower part of the costal arch where comparative measurements 

could be made . 

Next , the distance from this somewhat arbitrarily fixed point 

to the upper margin of the clavicle at its mid-point was recorded , 

and the distance from the midclavicular point to the mid-point of 

the inguinal ligament . These two measurements give a basis for . 

estimating the growth in lengt h of the thorax in the mid-
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clavicular line at its various stages. 

Then the length of the thoracic segment of the spinal column 

was taken by locating the two lower ribs through the skin, and 

inserting a pin at the angle formed between them. The vertebra 

prominens was then located, after pressing out the oedema over it, 

and another pin inserted just below it. The distance between the 

two pins could be measured accurately with the calipers, and the 

angle between the twelfth ribs at the spine measured by the 

goniometer. Leaving the two pins in place, the sterno-vertebral 

angle (to be more fully described later) could then .be measured by 

a larger goniometer . 
.-tM. ~lL 

The perimeters recorded~were taken at the three levels used by 

Wintrich ('54), viz. at the axilla , the nipple, and the xiphi

sternal junction. For the smaller material a cotton string was 

used at a definite tension; so there was a certain unavoidable 

error due to the softness of the tissues and to the personal 

equation. It was the aim, however , to make the error equal for all 

levels as far as possible. 

The diameters were measured at four levels; the three of 

Wintrich and one corresponding to the superior aperture of the 

thorax. The instrument used was a pair of micrometer calipers, and 

here again some error was unavoidable, due to the compressibility 

of the tissues. 

d. The series of grap11s.--To make growth changes obvious it 

is necessary to compare them with some other quantity. So the 

rates of growth of the different dimensions of a given region may 

be compared with each other, or with similar dimensions of another 

region, as has been done in some of our graphs. 
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As these changes occur in the three dimensions of space, 

they can be best formulated by graphic illustrations. The long 

tables in which the measurements are recorded would be only a 

meaningless mass of figures if they were not supplemented .by 

graphs , and curves of growth , by which the figures may be analyzed 

and more concisely presented in graphic form . These graphic data 

can be more easily grasped by the mind , and more readily retained 

by the memory. 

The series of graphs which are based on the figures in 

tables I ... ll are plotted on the basis of the indi vidua1 cases, using 

the standing height as the base-line for all the fetal material. 

For the very small embryos measured from figures in Hochstetter 

('07) and Keibel ('08) , .the sitting height was used as the base

line. 

The curves of the graphs were smoothed by inspection, not in 

segments but as a whole . So that at any given point the curve may 

be inaccurate as regards the measurements recorded, but taken as a 

whole ia probably nearer right than if smoothed by segments. 

The list of graphs recorded follows: 

List of graphs, and purpose of same. 

1. Growth of anterior wall. 

a) Length of sternum, comparing trunk length in anterior 

median line; to show linear growth of sternum. 

b) Length of thorax in mid -clavicular line, comparing trunk

length in same line; to show linear growth of thorax in 

mid -clavicular line. 
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c) Interpapillary diameter , comparing width and perimeter of 

thorax at mammary level; to show change in position of 

nipple (if any) . 
,i,:J\A~ f 

d) Infra-sternal angle in degrees, and distance between~9th 

rib in millimeters ; to show changes in infra-sternal angle 

and costal arch (if any). 

2. Growth of posterior wall , and changes in relation of anterior 

and posterior walls . 

a) Length of thoracic segment of spinal column compared to 

length of sternum; to show comparative linear growth of 

anterior and posterior walls. 
show 

b) Sterno-vertebral angle in degrees, toAchB.nge in position 

of anterior and posterior walls (if any) . 

(See also sagittal composite silhouettes. )(1~) 

c) Angle between 12th ribs at the spine; to show change in 

obliquity of the ribs (if any). 

3 . Horizontal growth of the thorax at various levels . 

a) Three perimeters compared, to show changes in proportions 

at various ages (if any). 

b) Mid-sagittal diameter superior aperture compared to that 

of inferior aperture; to show change in proportion at 

various ages (if any) . 

c) Lateral diameter Jerel of axillae, compared with that at 

level of xiphi-sternal joint; to show variation in conical 

shape (if any) . 

d) Coronal silhouettes of trunk-models; to show variation in 

proportion compared to abdomen and pelvis (if any). 



Page 14. 

4 . Relation of antero-posterior to lateral diameters, and 

discussion of the thoracic index. 

a) Curve of index at level of xiphi-sternal junction; to show 

comparative growth of two diameters of the thorax in the 

human fetus. 

b) Composite of tracings of perimeter at level of xiphi-sternaJ. 

junction; to show changes in shape . 

c) Curve of index in fetal pig; to show changes in shape of 

thorax of the fetal pig. 

d) Curve of index in fetal sheep; to show changes in shape of 

the thorax in the fetal sheep. 

e) Curve of index in fetal albino rats, and oats; to show 

changes in the shape of the thorax in these mammals. 

f) Curve of index in fetal opossums; to show changes in the 

shape of the thorax in the fetal opossum. 

g) Chart of mammals grouped according to thoracic index; 

to show the relation of the thoracic index to the various 

Orders of mammals, and to their habits of life. 
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Discussion of Observations. 

As to the general proportions of the fetal thoracic cage we 

do not find much detail in the literature . The cuts in the various 

systemmic anatomies are often simply the adult type drawn on a 

reduced scale . The atlases of anatomy, such as Rauber-Kopsch , 

Spalteholz , and Toldt , do not insert special cuts of the fetal 

t horax . The best cut found was Fig. 15 in Mettenheimer's article 

( l ~'13 ) , which he took from Henke (1881 ). This cut was copied by 

the writer and a rubber stamp made for use in the laboratory. 
~1~_2) 

The figure is here reproduced .AO It shows several things that are 

characteristic of the fetal thorax during nearly the whole of its 

growth ; viz . its shortness compared to its width; the bluntness of 

its cone compared to the adult, and the flaring outward of the 

lower ribs over the dome of the liver . · It shows ~lso the lack of 

obliquity of the ribs compared with the adult type . 

Gundobin ('12) describes two chief types of thoracic cage in 

the newborn, but does not trace them through intra-uterine life. 

The first is conical, when the circumference at the level of the 

axillae is 1-3 cm. less than at the xiphi-sternal junction. The 

second is barrel-shaped, when the two circumferences are equal. 

(The latter type has r~re.lr been observed in the 50 fetuses measured 

by the writer . ) 

Chievitz (1899) calls attention to the transverse furrow on 

the outer surface of the thorax in the newborn, corresponding in 

position to the lower border of the lungs and pericardium. He 

also mentions the longitudinal lateral furrow, seen most markedly 

in the fetus at nfrom 6 to 8 weeksn, and causing the nbiscui t

shape" of cross sections of the upper thorax. (This shape is 

rather that of a pear than a biscuit ; with the large end in front 
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' conta ining the heart and liver.) C. MU.ller ( D~ ) in her article 

on the development of the human thorax, says that the large size 

of the ventral part of the thorax at this stage is due to the 

great expansion of the heart and liver, two already fUnctioning 

or gans; while the lungs in the dorsal part have, of course, hardly 

begun to develop. The "heart-shaped cross-section" figured by 

Wiedersheim ('08) as the primitive type, was not found in any of 

t he embryos examined. The pear-sha~ed cross-section is well shown 

in Fig. Lf-,. 

1. Growth of the Anterior Wall. 

The conclusion drawn from a study of Graphs la,b,c,and d, 

showing comparative dimensions of the anterior wall of the human 

fetal thorax at various stages is that after the fonnation of the 

ribs and sternum is complete, the changes up to the time of birth 

are mainly those of size and very slightly of shape. In other 

words the shape of the anterior wall at birth is characteristic of 

the anterior wall as soon as it is fully formed in its oartilagin-

ous condition. 

This is shown by the fact that the graph-curves have a 

uniform sweep, and are almost straight lines. The slight undula

tions perceptible are probably due 1x> scarcity of observations. 

If the cases could have been numbered by hundreds instead of by 

tens, these undulations probably would have been flattened out. 

The general course of the curves, however, is unmistakablr, and 

seems to show that the laws of growth of the thoracic wall during 

the period observed are much simpler than has usually heretofore 

been believed. 
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2. Growth of the Posterio·r Wall, and Changes in Relation of 

Anterior and Posterior Walls. 

Graph 2a, comparing the linear growth of the anterior and 

posterior thoracic walls in the median line, shows the same simple 

relation between the two as in the graphs relating to the anterior 

wall &lone. 

Graph~. however, showing the angle between the 

anterior and posterior walls, is more complicated. As it brings 

in the measurement of an angle not often observed before, tt will 

be given a fuller discussion tban tbe others. 

The Angle of the Sternum with the Thoracic Spine. In 

measuring the fetal thorax it was early found necessary to secure 

some formula for the essential relation between the anterior and 

posterior walls as to position. The relative position of the two 

walls is exceedingly i~portant at all stages of growth. 

The sternum and the thoracic arc of the vertebral column 

(as seen in mid-sagittal section) were considered as axes of the 

anterior and posterior walls respectively. Both of these are seen 

to be arcs of circles, with their concavities facing each other. 

The chords of these arcs are considered to be the linear axes of 

the anterior and posterior thoracic walls. So that a definition of 

the sterno-vertebral angle would be this: the angle produced by 

the intersection of the chord of the sternal arc with the chord of 

the thoracic arc when both are prolonged upward. This angle could 

be measured with a fair degree of accuracy during the process of 

locating and measuring the thoracic segment of the spine, when pins 

were inserted at each end of that segment. One leg of a long 

goniometer was held at the lateral aspect parallel with the line 

between the points where the pins entered the skin, and the other 
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leg shifted until it made a chord across the sternal curve. The 

angle could then be read in degrees on the quadrant of the 

instrument. 

But what is meant by the chord of the sternal arc? Simply 

the line passing through both ends of the sternum, excluding the 

xiphoid process . The sternum, being largely cartilaginous even 

after birth , has no absolutely definite shape in fetal life, but 

is best described as the segment of a circle of larger or smaller 

diameter. Rarely it is flat, and sometimes even concave on its 

anterior surface , due to pressure from the chin. 

The sternal angle, visible in the adult as a prominent ridge 

between pre-sternum and meso-sternum, is due not so much to a 

change in direction between the axes of the two parts, as to a 

pushing out of two lip-like projections on the anterior surface of 

these parts just above and below the manubrio-gladiolar joint. In 

the adult the angle is not marked on the posterior surface of the 

sternum; and the angular projections on the anterior surface are 

much less marked in the fetus than in the adult. 

So the "angulus sternalis" need not confuse the measurement 

if the chord of the entire arc of thef sternum, down to the 

Xiphi-sternal joint, be used. The xiphoid process has been 

omitted from these measurements because of its great variability 

in size, shape and direction; and also because it was considered a 

comparatively unimportant object, belonging more with the 

abdominal than with the thoracic wall· 

The axis of the posterior wall of the thorax is taken as the 

chord of the thoracic arc of the vertebral column. This forms a 

good base-line for several reasons. Throughout nearly all of 
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fetal life both the proportionate length and the direction of the 

curve of the thoracic arc remain fairly constant; although in the 

cervical and lumbar regions both the proportionate length and the 

convexity of the curve are steadily changing. 

Furthermore , in the ad.ult , when the body is erect the chord 

of the thoracic arc is approximately vertical, so that by locating 

this base-line in the fetus we have an indication of the future 

vertical position. The sternum is said to make an angle of about 

20 degrees with the perpendicular in the adult (Thompson '14), 

which means the same angle with the chord of the thoracic aro . 

This line has been used by Chievitz ('13) for the accurate 

location of the levels of intra-thoracic viscera. He says: "The 

position of the constituent parts of the thorax is most con

veniently studied with reference to a straight line joining the 

central points of the two intervertebral discs which lie, the one 

between the thoracici and the cervical spine , the other between 

the thoracic and the lumbar spine; planes perpendicular to this 

line may be regarded as horizontal, and designated according to 

the vertebrae which they severally intersect . " So the base-line 

of Chievitz was taken as one side of the sterno-vertebral angle. 

Fetal Changes in the Sterno-Vertebral Angle , and Factors 

in these Changes . 

I~~gmbryonic stage (first two months) the topographic 

changes are most rapid and extensive in the thorax as elsewhere . 

In the earliest stages of course there is no sternum, 

and it is necessary to measure the chord of the anterior thoracic 

Wall curving out over the heart . If a line is taken through the 

anterior end of the septum transversum, upward through the point 
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of contact of the mandibular arch with the thoracic wall it was , 

found , up to about 12 mm. crown rump to be almost parallel with the 

chord of the thoracic arc , although the latter curve lies at a 

considerably lower level . The axis of the anterior wall makes a 

decided angle with the cervical segment , because of the cervical 

curve , which at this stage is very strongly marked . The development 

of t he heart antedates that of the liver and lung-buds. The heart 

at first almost monopolizes the future thoracic cavity, and the 

anterior wall is moulded over the heart alone . Its growth is at 

first fish-like , and produces a type of thorax which is pre

mammalian . The heart of a 3 week's embryo is very like that of a 

shark (Keith) , and lies up in a subpharyngeal position. 

In the human fetus the neck is differentiated in the second 

month. The heart gradually descends, and in the 11 mm. human 

embryo comes to lie opposite to the 2nd to 7th cervical segments/ 

(Jackson '09) . While the upper limit of the heart lies opposite 

the 2nd cervical , the upper limit of the lungs is at the 7th 

cervical e.if.dthe latter organs extend only to the 3rd thoracic 

vertebra. So that we have not yet the typical manmalian arrange

ment , but one more nearly resembling that of reptiles . 

We now come to the period of sudden and rapid growth of the 

liver , which has a very marked influence on the sterno-vertebral 

angle , and upon the other proportions of the thorax. 

In the 17 mm. embryo there is still no definite sternum. The 

ribs are growing outward but not yet meeting even ce:phalad. The 

rapid growth of the liver is checked cephalad by the large heart , 

and dorso-caudad by the sharp forward bend of the lumbar region of 

the vertebral column. So that the l iver grows chiefly ventrad , and 

t ilts the l ower end of the thoracic wall before it . The pre-axial 
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viscera all grow for ward (ventrad) at this stage , until gradually 

the curve of the vertebral column, at first almost a complete 

circle , is forced open . The viscera at this early stage are so 

nearly fluid that pressure due to growth is probably transmitted 

equally in all directions . Yet the trunk, being :roughly sausage

shaped , must tend to become straight as internal pressure 

increases ; just as is the case with a sausage-shaped balloon, 

which is straightened by inflation. 

That the heart and liver are pressing against each other at 

this time is shown by the fact that the heart lies in a deep groove 1 

on the upper surface of the liver. In cross-sections of the 11 mm. 

embryo (see Fig. 3 . ) the dome of the liver first appears on 

each side of the heart rather behind than in front. t a lower 

level it forms an H-shaped mass , lying between heart and lungs, 

and the anterior thoracic wall is stretched out very thin over the 

heart . In . a 15 mm. embryo , the liver dome appeared in the 

sections first on the right side, but very soon on the left; and in 

succeeding sections the two sides enlarged inward till they joined 

behind the heart. In another 15 Illlll· specimen, the two sides 

joined in front of the heart, forming a horse-shoe-shaped mass of 

liver tissue between the heart and the anterior thoracic all. 

These differences were probably due to a difference in the plane of 

the sections . 

The groove for the heart on the upper surface of the liver may 

be due to the heart growing downward (oaudad); but is more apt to 

be due to the liver growing upward (ce:phalad) . At this stage the 

heart has passed its maximum proportionate growth (relative to the 

Whole body); and the liver has not yet reached itB maximum. 
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In the 31 mm. embryo, the lower segments of the vertebral 

column are straightening out. The liver at this stage reaches its 

maximum proportionate size (10.56 per cent of the total body 

volume, Jackson ('09)) but is now free to grow downward (caudad), 

as the lumbar spinal curvature straightens out. In the 32 mm. 

embryo, the two halves of the sternum are completely fused, 

according to Mttller. In the 31 mm. embryo, they extend down over 

the heart, but not over the liver which still projects below 

(caudad to) the infra-sternal angle. It may serve to transmit 

pressure to the lumbar spine, as it reaches back to the kidneys and 

genital glands on both sides, the right and left lobes being almost 

equally developed. 

This is the period of Mall's embryonal hernia into the 

umbilical cord, and probably of maximum intra-abdominal pressure, 

which seemingly cannot be without influence in straightening the 

curvature of the trunk. 

Considerable space is given to this growth of the heart 

followed by the growth of the liver, because of the effect that 

these have upon the relation of the antero-posterior to the 

lateral diameter of the thorax in the lower segment, where these 

diameters are usually measured. 

The sternum when fully formed makes with the thoracic spine 

almost the same angle which it is to hold all through fetal life, 

Viz., varying close around 30 degrees. Chievitz ('99) says that 

the apparent shortness of the fetal sternum is due to its greater 

Obliquity compared with the adult type. This of course varies 

With position. In extreme flexion of the trunk, the angle may 

increase to 450 as in a frozen section of a full-term stillborn 
t 



Page 23. 

male child figured by Chievitz. In his out showing extension, the 

angle is found to be less than 30o. In a mid-sagittal section 

figured in the collection of 1.r•~C. M. Jackson, of a "nearly full

term female fetus hardened.!!! utero", the angle is 360. Here the 

trunk and head are both moderately flexed. 

Graph ~' which registers the angle between the 12th ribs at 

the spine , also shows nearly a straight line; thus showing that 

the relative position of the ribs and the spine changes very little 

from the time they are fully formed, up to birth. 

3 . The three perimeters measured by intrich ('54) were 

measured on the fetus and compared in graph 3a to see if there was 

any significant chan~~ent during the period from the end of 

embryonic life up to birth. So far as the curves show anything, 

there appears to be none. 

Graph 3b was made to try and show changes in the 

relative size of the superior and inferior apertures of the thorax, 

if any, at different periods of fetal life. In view of the theory 

Of stenosis of the superior aperture being connect d with apical 

tuberculosis (Freund ('59), 1endelsohn ('06)) it was thought this 

measurement would be useful, but nothing significant was found. 

The lateral diameter at the level of the axillae was 

compared with the same diameter opposite to the xiphi-sternal 

junction, to see if any change in the inclination of the lateral 

Walls could be detected. Apparently there is no change in the 

Obliquity of the cone of the thorax during the period under 

discussion. ~ry-af-L 3 ,c.) 

This is further shown RY the composite of the coronal 
~3;1-) 

Silhouettes of plaster oasts~made at regular intervals to show 

the various proportions of the trunk and their variation due to 
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growth . When these silhouettes are super-imposed , the outlines 

are praotioally parallel for all stages of growth in utero . 

4. Relation of Antero-Posterior to Lateral Diameters, and 

Discussion of Thoracic Index. 

In early embryonic life the thoracic index, as explained 

in the Introduction , is very high. There is apparently a very 

good reason for it in the rapid fonvard growth of the heart at this 

period, which tends to elongate the antero-posterior diameter . As 

shown by these measurements (Graph 'f a_ ), the index very soon 
:3;l~ 

deer•ases , and in embryos over ~ · · · · • the contoUl'l of the thorax is 1 

nearly cylindrical , remaining so till birth. This statement is 

contrary to the curve plotted by Rodes 'OG ) and dis greea with 

one of his conclusions; but this phenomenon is explained by him in 

a footnote , better than anywhere else that I have been able to 

find. He says: "The tendency of the pressure of the liver is to 

cause the lower part of the t horax to assume that form giving the 

maximum capacity, i.e . circular in outline . It tends therefore to 

accelerate the reduction in the thor cic index until this reaches 

100, but to retard any further decrease . " 

The embryonic type of thorax has been compared to the 

quadruped type , to reinforce the theory of 'recapitulation" . 

Anthropologists of the Darwinian School made many observations 

both on the embryo and on quadrupeds, but apparently ithout 

analysis of the constituent parts of the long antero-posterior 

diameter in the two cases . In those quadrupeds hich ere 

measured in the present investigation (see Table II[ ) the highest 

indices found were in the ox, moose and rhinoceros . In these the 

vertical depth of the spinous processes alone made up 20 t o 25 

per cent of the depth of the chest. The enormous development of 
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spinous processes is well seen in the bison's hump, and seems to 

be related to the necessity for a powerful leverage for the 

ligamentum nuchae to carry the heavy head at a gallop. In the 
~?..,~. 

human embryo under ·:< -.~ (the time of high index) practically 

no space is taken up by spinous processes. From 60 to 70 per cent 

of the antero-posterior diameter is taken up by viscera and the 

remainder by the relatively enormous spinal cord and its coverings. 

Furthermore, in the embryo the viscera come forward (ventrad) 

directly under the anterior thoracic wall, which is thinned out 

over the projecting heart. In the quadruped type there is a mass 

of muscles as seen in the brisket of the ox, to add to the antero-, 

posterior diameter. This is well shown for the dog in Charnock 

Bradley's ('12) figure .of the cross-section of a dog's thorax with 

an index of 121 ' which I have copied to compare with a human embryo 

of 11 mm. (see Fig. Lf. ). The pectoral muscles play a large part 

in the high thoracic index of the quadruped, but a very small one 

in the human embryo. 

So that we have been comparing two essentially unlike types, 

with a superficial resemblance as to dimensions, but quite 

different in nature. 

iedersheim's statement (already cited) that the "secondary 

thorax-type has the primary as an antecedent both ontogenetically 

and phylogenetically" led the writer to investigate the indices of 

fetal marrnna.ls other than man, and of a variety of Orders, as well 

as adult mammals of all the "primitive" types accessible. The 

results are shown in graphs 4o,d,e, and f on embryos, and in 

table m for the adult manmals. 

The measurements on embr~s (one marsupial, two ungu_1ates one • 
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rodent and one carnivore) tend to show that there is no primary 

embryonic type; except that all embryos measured (excluding the 

marsupial) seem to approach the cylindrical outline in an early 

stage, and to be mo~ified from that barrel-shape either into 

lateral flatteningjor antero-posterior flattening, according to the 

shape of their ancestors. 

This shape, according to table JII is apparently associated 

more with ancestral habits of life than with elevatLon in the 

evolutionary scale . In the table the Orders are arranged in the 

sequence given by Beddard ('09), and the onotremes are seen to 

have an index as low as the ifen. There is a wide variation in 

each of the Orders, which is found to correspond directly to the 

habits of life of the different species. There is even variation 

within the species, as between the wild boar and the domestic pig, 

bred for pork only and not for speed. How quickly the pig reverts 

to his ancestral type is ell seen in the razor-backed hog of the 

southern woods. There is also a wide variation in the dog, 

between the borzoi or the greyhound, and the bull-dog bred for 

strength only. 

The cone Jnsion from table .:m is that mammals to horn a rapid 

gall p is essential have long spinous processes, ell developed 

pectoral muscles, a laterally compressed thorax, and high thoracic 

indices. !ammals which climb, or burro , fly or swim, have lo 
~ 

indices, andAantero-posterior flattening of the chest; due in part 

to the change in the lines of force applied through the muscles of 

the upper extremity to the alls of the thoracic cage. 
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y. -§.~arz,: 

1. The transition from embryo to fetus with the completion 

of the characteristic fetal circulatory system, is accompanied by 

profound changes in the thoracic wall , as elsewhere in the fetus . 

2. The growth changes in the thoracic wall of the human 

fetus are more simple than has heretofore been generally assumed. 

3. After the formation of ribs and sternum is complete, the 

changes in the fetal thoracic wall are mainly in size and very 

slightly in shape . 

4 . No definite primary fetal type of thoracic index could be 

found for all mammals in the material examined. 

5 . The "quadruped type" of thoracic index (with lateral 

compression) is a modification in one plane from an approximate 

barrel-shape due to internal pressure; just as the 'human type" 

:blxxk (flattened dorso-ventrally) is changed in another plane . 
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