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The deYelopment of the respiratory system in the embryonic period 
of man has been carefully worked out by a number of observers and 
the features of the process are well known. On the other hand, the 
development of this system from the third fetal month to birth, in 
early infancy, later infancy and childhood has received little attention. 
The present report is a study of the topographic relationships of the 
larynx, trachea and lungs, with especial emphasis on the changes in 
this relationship during the entire developmental period. All the avail
able data on the subject, for infancy, childhood and adult life, have 
been correlated with my findings in the fetus, the new-born infant and 
the child. It is hoped that in this way a picture may be sketched of the 
relation of the parts of the respiratory system to the vertebral column, 
beginning with early fetal life and ending with maturity. 

A few observations in addition to those mentioned above have also 
been made and recorded. These include the lobation of the lungs, 
the development of the cardiac notch, the angle that each bronchus 
makes with the midsagittal plane and the relation of the apices of the 
lungs to the suprasternal notch. A study of the lineal growth of the 
component parts of the respiratory system 1yas also made in conjunction 
with the present paper, but the results of that study will be reported 
separately. 

MATERIAL AND METHODS OF COLLECTING DATA 

The material used in this study consisted of 102 fetuses and full
term new-born children, ranging in crown-heel or total body length from 
10 to 55 cm.; midsagittal sections of a 5 year and an 8 year old child; 
a model of the topography of the thoracic and abdominal viscera of a 
65 mm. human embryo, and a series of tracings of medially sectioned 
human fetuses. The major part of the material forms part of the col
lection of the Institute of Anatomy of the "Cniversity of Minnesota; 
the remainder i part of the collection of the Department of Anatomy 
of the Medical College of Virginia. Eighty-two of the fetuses were still
born and twenty-two were infants in whom respiration had been partially 
established, as indicated by the condition of the lungs. The fetuses and 
fulI-term infants were preserYed by intrayascular injection of an 

*From the departments of anatomy of the Cni1·ersity of Minnesota and ol 
the Medical College of Virginia. 
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aqueous solution of 10 per cent. formaldehyd and 1 per cent. chromic 
acid. No material in which pathologic conditions were macroscopically 
observable was used in this study. 

The material was prepared in the following manner : 

The skin, muscles, etc., were dissected from the anterior of the neck and 
thorax; the clavicles and costal cartilages were cut along the anterior axillary 
line, and the anterior part of the thoracic cage was then removed. The 
infrahyoid muscles, thyroid gland, thymus, heart and great vessels were next 
carefully dissected out, leaving the larynx, trachea, bronchi and lungs fully 

· exposed in situ. The chin was always held in a horizontal position in order 
to avoid elevation or depression of the larynx and trachea due to over
extension or depression of the head. 

The thyrohyoid membrane was next cut in order to make visible the tip 
of the epiglottis, which was taken as the superior limit of the larynx. A 
pin was then inserted into the vertebral column to mark the level of the tip 
of the epiglottis. The inferior vertebral level of the larynx was marked by a 
pin at the level of the inferior margin of the cricoid cartilage. A pin was 
inserted into the vertebral column on each side at the apex of each lung in 
order to determine its uppermost level. Pins were similarly placed at the most 
inferior level of each lung. Later, when the heart was removed, the vertebral 
level of the tracheal bifurcation was marked by a pin inserted into the vertebral 
column. 

The following observations were made . and recorded from each 
individual: 

1. Crown-heel length, or total body length, from the vertex of the 
head to the base of the heel. 

2. Crown-rump length, or sitting height, from the vertex of the 
head to the tip of the coccyx. 

3. Vertebral level of the tip of the epiglottis. 
4. Vertebral level of the inferior margin of the cricoid cartilage. 
;,. Vertebral level of the bifurcation of the trachea. 
6. Relation of the apices of the lungs to the suprasternal notch. 
7. Vertebral level of the apex of the right lung. 
8. Vertebral level of the apex of the left lung. 
9. Vertebral level of the most inferior part of the inferior margin 

of the right lung. 
10. Vertebral level of the most inferior part of the inferior margin 

of the left lung. 
11. Angle formed by the right bronchus with the midsagittal line. 
12. Angle formed by the left bronchus with the midsagittal line. 
13. umber of lobes and irregularities of fissures in the right lung. 
14. Number of lobes and irregularities of fissure in the left lung. 
15. Greatest depth of the cardiac notch. 
In order to determine the Yertebral level of the several structures 

and organs, the vertebral column was split in its midline and the levels 
of the insertions of the pins \Yere observed and recorded . 
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T IIE LITERAT"CRE 

The changes in topography of different parts of the human respira
tory system in the developmental period have received considerable 
attention from several investigators, although apparently all the levels 
here presented have not been considered together in any single study in 
the past. The relation between the trachea, lungs, thymus and heart in 
fetal life and in the new-born was discussed in a previous paper. 1 There 
are several illustrations in the literature of midsagittal sections of 
fetuses 2 and new-born infants,3 from which the laryngeal levels may be 
obtained. All of these which I have found have been plotted against 
total body length as was clone in my own cases. These are shown in 
Figure 4, along with the data in the literature for these levels obtainable 
for infancy,4 chilclhood,5 and adult life.6 

1. Noback, G. ]. : A Contribution to the Topographic Anatomy of the 
Thymus Gland, with Particular Reference to Its Changes at Birth and in the 
Period of the New-Born, Am. ]. Dis. Child. 12 : 120 (Aug.) 1921. 

2. Ballantyne, J. W.: An Introduction to the Diseases of Infancy, Edinburgh, 
1891, pp. 56-57. Cheivitz, ]. H.: A Research on the Topographical Anatomy 
of the Full-Term Human Fetus in Situ, Copenhagen, 1899, pp. 14-16. Keibel 
and Mall: Human Embryology, Philadelphia, 1910, Vol. 2, p. 402, Mehnert, E.: 
Ueber Topographische Altersveranderungen des Atmungsapparats, ] ena, 1901. 
Merkel, F.: Menschliche Embryonen verschiedenen Alters auf Medianschnitten 
untersucht, Gi:ittingen, 1894. Scammon, R. E.: Private collection, University 
of Minnesota Department of Anatomy. Symington, ]. : On the Relation of 
the Larynx and Trachea to the Vertebral Column in the Fetus and Child, 
Edinburgh M. ]. 26 :913, 1881. 

3. Birkenbusch: Die inneren Proportionen des menschliclien Raises in 
den verschiedenen Lebensaltern, Dissertation, Gi:ittingen, 1890. ] ackson, C. M.: 
On the Developmental Topography of the Thoracic and Abdominal Viscera, 
An at. Rec. 3: 361, 1909. Merkel, F.: Hand bu ch der topographischen Anatomie, 
Braunschweig, 1899, Vol. 2, p. 405 (Fig. 70). Mettenheimer, H.: Ein Beitrag 
zur topographischen Anatomie der Brust Bauch und Beckenhi:ihle des neuge
borenen Kindes., Morph. Arbeiten 3 : 301, 1893. Piersol, G. A.: Human Anatomy, 
Philadelphia 1908, p. 1828. Ribemont, A.: Recherches sur l'anatomie topo
graphique du fetus, 1878, These, Paris, No. 203. Rudinger, F.: Topographisch
chirurgische Anatomie des menschen, Atlas, Stuttgart, 1873, Plate 4, Figure a. 

4. Engel, St.: Form, Lage und Lageveranderungen des Bronchialbaumes 
im Kindesalter, Arch. f. Kinderh. (Festschrift f. Baginsky) 60-61 : 267, 1913. 
Jackson, C. M.: Private collection, University of Minnesota Department of 
Anatomy. Symington, ]. : The Topographical Anatomy of the Child, Edin
burgh, 1887, (Plates 1 and 2). 

5. Dwight, T.: Frozen Sections of a Child, New York, 1881, p. 15, Plate 3. 
Gedgowd, V. A.: Anatomical Peculiarities of the Respiratory Organs in Chil
dren, Dissertation, St. Petersburg, 1900, pp. 178, Plate 1 (Russian). Sluka, E.: 
Ueber Roentgenbefunde bei tuberculi:isen Kindern mit expiratorischen Keuchen, 
Wien. klin. Wchnschr. 23 : 156, 1910. Zuckerkandl, E.: Atlas der topograph
ischen Anatomie des Men chen, 1899, p. 163, Figure 170. 

6. Corning, H. K.: Lehrbuch der topographischen Anatomie, Ed. 10 and 12, 
Munich and Wiesbaden, 1920, p. 202, Figure 164. Cunningham: Textbook of 
Anatomy, Ed. 4, 1913, p. 1077. Gray-Lewis: Anatomy of the Human Body, 
1920, Philadelphia, p. 1084. Hyrtl, ]. : Lehrbuch der Anatomie des Menschen, 

(Footnote 6 continued 011 11ext page) 
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The most comprehensive study of the topographical changes of the 
human respiratory system is that of Mehnert ( 1901) .7 His study 
includes the literature on the subject up to that time, not only for fetal 
life but also for all stages through senility in postnatal life. The pre
natal material which he personally studied was somewhat limited in 
that the epiglottis was not considered and that his cases of fetuses and 
new-born infants numbered only ten in addition to seven cases of 
Merkel and one case of Disse, or a total of eighteen. He considered 
the following levels: cricoid cartilage, tracheal bifurcation and the 
inferior margin of the lungs; all of which, with the addition of the 
epiglottis and the superior limit of the lungs in relation to the sternal 
notch and to the vertebral column, were also utilized in the present 
study. 

Mehnert concludes that there is a definite descent with age, but 
tates that the fetal cricoid level is similar to that in the new-born. He 

finds marked variation in the fetal levels of the cricoid and states that 
this level shows no marked tendency upward or downward but rather 
an oscillation. This, he believes, may be partly due to the varying 
position of the heads in the different cases studied, but he says that 
the differences in this level should be regarded as individual variation . 
The level of the inferior margin of the cricoid cartilage in the new-born 
also varies markedly according to the data of several other investigators 
and the one ca e of his own. 

Mehnert's conclusions regarding the vertebral level of the tracheal 
bifurcation are imilar to those regarding the level of the larynx. Here, 
again, he had ten cases of his own and seven cases of other investigators. 
He states that there are as great variations in this level in some fetal 
months as are found in his whole series, and that therefore the wide 
fluctuations should be regarded as individual variations. The level of the 
bifurcation in the trachea in the new-born he finds to be lower than that 
in the fetu . The explanation of this, he believes, lies in the fact that, in 
the fetus, the trachea is craniad to the viscera; whereas, in the new-born, 

\Vien, 1889. Joessel, J.: Lehrbuch der topographischen chirurgischen Anatomie, 
Bonn, Ed. 2, 1899. Luschka, H.: Die Anatomie der Brust des Menschen, 
Tiibingen, 1863, p. 463. Morris-] ackson: Text-Book of Human Anatomy, 
Ed. 6, Philadelphia, 1921, p. 1254. Potter, Peter : Topography of the Thorax 
and Abdomen, University of Missouri Studies, Science Series, Vol. I, No. I , 
Columbia, Mo., 1905. Poirer et Charpey: Traite d'anatomie humaine, Paris, 
1901, Vol. 3, p. 402 and Figure 203. Quain's Elements of Human Anatomy, 
London, 1914, Vol. 2, Part 2, p. 152. Rauber-Kopsch : Lehrbuch der Anatomie, 
Leipzig, 1911, Ed. 9, o. 4, p. 190. Spalteholz, W.: Atlas der Anatomie des 
Menschen, Leipzig, 1920, p. 480, Figure 516. Testut, L.: Traite d'anatomie 
humaine, Paris, 1911, Vol. 3, p. 763, Figure 676. Testut et Jacob : Traite 
d'anatomie topographique, Paris, 1909, p. 629. Toldt, C.: Anatomischer Atlas, 
Ed. 6, Vol. 4, p. 483, Figure 813. 

7. Mehnert : Footnote 2, fourth reference. 



it is caudad, and therefore has the weight of the viscera pulling it 
downward. 

According to Mehnert, the level of the larynx and of the tracheal 
hi furcation show no definite descent during prenatal life, but between 
early fetal life and maturity there is a descent in these levels of a dis
tance represented by five vertebrae. The inferior · margins of the lungs 
in this period of time also undergo a descent which he measures by two 
intercostal spaces. 

Jackson,8 in whose private collection are a number of drawings of 
midsagittal sections of specimens in the Leipsic Museum, furnishes 
levels of the epiglottis and larynx of the two new-born infants and of 
a 2-day-old child. 

Merkel ( 1894) 0 illustrates and describes several embryos, fetuses, 
one new-born child, and an adult in midsagittal section. The levels of 
the epiglottis and cricoid in all of these were taken off and used in this 
study. Merkel believes that even though the trachea extends lower in 
the new-born than in the embryo, the relative increase in tracheal 
length is more apparent than real and that this is due to slackening in 
growth of the vertebrae in late fetal life. 

Symington ( 1885) 10 states that, in the new-born, the larynx and 
trachea terminate at a higher level than in the adult, but he was unable 
to find any definite statement as to their precise position in relation to 
the vertebral column. He found the larynx terminating oppo ite the 
middle of the fourth cervical vertebra and the trachea at the level of 
the lower border of the second thoracic vertebra; and he records the 
levels of the upper and lower limits of the larynx and of the bifurcation 
of the trachea in fetuses of 4, 6 and 7 months. 

Scammon,11 in his collection, ha drawings of midsagittal sections 
of fetuses of the following crown-rump measurements: 34.7 mm., 43.3 
mm. and 26.8 mm. These measurements, as all other measurements 
given in the literature as crown-rump alone, were converted to crown
heel measurements by the use of the formula which I 12 devised in 
1921. The data from these three fetu es are u ed in this study. 

Ballantyne ( 1891) 13 record the vertebral levels of the larynx of 
two 7 months, one 8 months and two 9 months fetuses, a well as of 
one new-born chi ld. and an adult in mid agittal section. The levels of 
the neck in the new-born than in the adult. He says, "In all proba-

8. Jackson: Footnote 3, second reference; Footnote 4, second reference. 
9. Merkel: Footnote 2, fifth reference. 

10. Symington: Footnote 2, seventh reference; Footnote 4, third reference. 
11. Scammon: Footnote 2, sixth reference. 
12. Noback, G. J.: Simple Methods of Correlating Crown-Rump and Crown

Heel Lengths of the Human Fetus, Anat. Rec. 23 :241, 1921. 
13. Ballantyne: Footnote 2, first reference. 
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bility, in the case of the new-born infant with head erect, the larynx 
normally extends from a point opposite to the cartilage between the 
body and odontoid process of the a.-xis to the level of the upper border 
of the fifth cervical vertebra, or to that of the disc between it and the 
fourth cervical vertebra. The descent of the larynx would seem, from 
Symington's measurements, to be a gradual process going on throughout 
childhood." The trachea, according to Ballantyne, lies at a higher level 
in the body of the infant than in the adult. He gives its limits as 
extending from the body of the fifth cervical to the body of the third 
thoracic vertebra. Birkenbusch ( 1890) 14 records the vertebral levels 
of the larynx in the case of two new-born infants. 

Ribemont ( 1878) 15 illustrates a midsagittal section of a stillborn 
child in which the tip of the epiglottis is at the level of the lower border 
of the atlas and the inferior margin of the cricoid at the level of the 
middle of the fourth cervical vertebra. 

Rudinger ( 1873) 16 pictures a midsagittal section of a new-born 
child in which the laryngeal levels are discernible. 

The vertebral levels of the larynx and of the trachea in infancy and 
childhood have not been considered by many investigators. Symington 
( 1887) 17 records these levels in infants 31/2 , 4, 6, 8 and 12 months, and 
in children 1 year and 10 months, 2 years and 2 months, 5 years, 6 
years and in one child of 12 years. In another contribution, Symington 
( 1881) 18 illustrates a midsagittal section of a 2 year old child in which 
he finds that the inferior margin of the cricoid cartilage is opposite the 
lower border of the fourth cervical vertebra and that the tracheal 
bifurcation is opposite the first thoracic vertebra. Symington concludes 
that the cervical part of the spinal column increases in length at a rate 
similar to the increases in length of the larynx, and that consequently the 
high position of the larynx in the neck of the child, as compared with 
the adult, cannot be due to its relatively small size. Symington's data 
are recorded in Chart 4. 

Mettenheimer ( 1893) 10 records the levels of the inferior margin 
of the larynx and tracheal bifurcation in three new-born infants, and 
Chi~vitz ( 1899) 20 the levels of the epiglottis and larynx in two new
born children. 

Birkenbusch ( 1890) 14 lists the vertebral levels of larynx and 
tracheal bifurcation in three children, 1, 6 and 13 years old, respectively. 

14. Birkenbusch: Footnote 3, first reference. 
15. Ribemont: Footnote 3, sixth reference. 
16. Rudinger: Footnote 3, seventh reference. 
17. Symington: Footnote 4, third reference. 
18. Symington: Footnote 2, seventh reference. 
19. Mettenheimer: Footnote 3, fourth reference. 
20. Chievitz: Footnote 2, second reference. 
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Sluka ( 1909) ,21 after pouring Wood's metal into the trachea. 
determined the vertebral level of the bifurcation of the trachea by means 
of the roentgen ray. He concluded that the level of the tracheal bifur
cation, without exception, in children between 1 and 4 years, was at the 
fourth thoracic vertebra; i. e., at the same level as in the adult. 

Piersol ( 1908) 22 has an illustration which shows the tracheal bifur
cation in a 2-year-old child as at the level of the fifth thoracic vertebra. 

Dwight ( 1881) 23 says, "the bifurcation of the trachea is seen oppo
site the lower border of the fourth dorsal vertebra. This is practically 
its adult position in regard to the spine." The child described was 3 
years old. 

Zuckerkandl ( 1904) 24 illustrates a midsagittal section of a 7-year-old 
child in which the inferior margin of the larynx is opposite the sixth 
cervical vertebrae and the tracheal bifurcation between the fourth and 
fifth thoracic vertebrae. 

The most extensive work on the level of the tracheal bifurcation in 
infancy and childhood is that of Engel ( 1913) 25 who made a roentgen
ray study of 112 living children between 2 and 8 years of age. He 
found that, after the second year, the levels, though fluctuating, remain 
practically uniform. 

Keibel and Mall ( 1910) 26 state that the larynx is much higher in 
the embryo and in the fetus than in the adult, and that at the time of 
birth the descent of the larynx is not yet completed. 

Gedgowd ( 1900) 27 concluded that the growth of the larynx and 
trachea, in childhood, corresponds more to the growth of the trunk and 
neck than to that of the body. 

The vertebral level of the lungs of fetus and infant are barely 
mentioned in the literature, practically the only reference to these levels 
being found in an article by Jackson (1909), 28 who says, "The lungs of 
the 11 millimeter embryo co1:respond approximately to the position later 
of the lung apex, lying opposite the last cervical and the first two tho
racic segments . The migration continues downward along the 
vertebral column, however, so that the lung in the 17 millimeter embryo 
lies opposite the 4th-9th thoracic vertebrae. In the 31 millimeter 
embryo it is opposite the 1st-10th thoracic vertebrae and in the 65 
millimeter it lies opposite the 2nd-11th thoracic vertebrae." Jackson's 
lengths are crown-rump, and have been converted into crown-heel, for 
use in this study, by my method. 1 2 

21. Sluka: Footnote 5, third reference. 
22. Piersol: Footnote 3, fifth reference. 
23. Dwight: Footnote 5, first reference. 
24. Zuckerkandl: Footnote 5, fourth reference. 
25. Engel: Footnote 4, first reference. 
26. Keibel and Mall: Footnote 2, third reference. 
27. Gedgowd: Footnote 5, second reference. 
28. Jackson. Footnote 3, second reference. 
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Jackson,29 in his personal collection, has drawings of a posterior 
dissection of 5 day old child, made by J. A. Watkins. These show the 
levels of the right lung to be between the middle of the first and the 
middle of the tenth thoracic vertebrae, and the levels of the left lung 
to be between the middle of the first thoracic and the upper border of 
the eleventh thoracic vertebrae. 

All the data mentioned in the foregoing, with the addition of two 
of my specimens from children, aged 5 and 8 years, respectively, are 
recorded in Chart 4. Included in this illustration for the purpose of 
comparison are the vertebral levels of the larynx and trachea of the 
adult as given in texts and atlases.6 

The observations on the levels of the larynx are more nume:ous, 
owing to the number of levels that have been obtained from the illus
trations of miclsagittal sections. There is a range of variation in these 
data because different observers studied individuals whose heads wer_e 
in various postures; in some cases, the head was extended; in others, it 
was depressed, with a consequent influence on the levels of the la:~nx: 
In my series of cases, the head was always held in the same positwn' 
i. e., so that the inferior margin of the lower jaw was at a right angle 
to the long axis of the body. Taken as a whole, the levels of the lary~x 
and trachea, except for this wide variation, coincide quite closely with 
the results obtained by me. This may be seen on comparing Charts 
3 and 4. 

The material in the literature for the period of infancy is rather 
meager, but, as is seen in Chart 4 these data indicate that the levels of 
the larynx and trachea are practic~lly the same as those in late fetal life. 
This continuation of similar relationship of a group of organs to t_he 
body as a whole in both fetal life and early infancy is in agreement with 
the conclusions of Scammon ( 1922) 3o who has proi· ected the fetal 

. ' b' th weight growth curves of many organs for several months after If ' 

and finds that the relative increase in weight in fetal life continues 
through approximately the first nine months of postnatal life. 

_The data for childhood are also quite meager, as is indicated by 
their number in Figure 4. However, in spite of the small number of 
ca es, it is evident that, during later childhood there is a distinct descent 

' 1 1 o~ the l~vels of. the larynx and also a drop in the level of the trac iea 
bifurcation, which begins earlier than that of the larynx. 

The data for the levels of the epiglottis inferior border of tl~e 
. "d ·1 ' cl 111 cr_1co1 carti age and of the bifurcation of the trachea are also plotte 

Figure 4. In the case of the adult, we find as in earlier life, that there 
are few definite data. The observations r:corded in the plot are froi11 

29. ] ackson: Footnote 4, second reference. I 
3o. Scammon, R. E.: On the Time and Mode of Transition from the Feta 

to the Postnatal Phase of Growth in Man A t R 22·34 1922 
< , na. ec. . , · 
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statements and illustrations in the literature. Each level observed 
ranges over the distance represented by three vertebrae and two disks. 

OBSERVATIONS AND CONCLUSIONS 

(a) Topography of larynx, trachea and lungs during fetal life, 
infancy, childhood and adult life.-The relation of the respiratory 
system to the vertebral column and the shifting of this system in a 
craniocaudal direction was studied by locating the levels of the following 
points: the tip of the epiglottis, the inferior margin of the cricoid 
cartilage, the tracheal bifurcation, the upper and lower· limits of the 
lungs and the relation of the apex of each lung to the suprasternal 
notch. These levels were determined from my material on prenatal 
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Chart 1.-Vertebral levels of the epiglottis, inferior border of the cricoi <l 
cartilage and the bifurcation of the trachea during fe tal life and in the period · 
of early infancy. 

life, the new-born and two cases in children of 5 and 8 years, respec
tively. The literature was then examined and all available data regard
ing the levels of these points in the respiratory system were obtained 
as were also the data for infants, children and the adult. 

The data obtained from my material was plotted on graph paper 
and are reproduced in Charts 1 to 7, inclusive. 

Chart 1 presents the vertebral levels of the tip of the epiglottis, 
inferior margin of the cricoid cartilage and the tracheal bi fur cation 
during prenatal life and in the new-born as determined by me. The 
level of the epiglottis in relation to the vertebral column has a slight 
variation but is limited to a span of a few millimeters superior to or 
inferior to the first cervical vertebra. The range of the level of the 
tip of the epiglottis is therefore limited to a distance which may be 
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regarded as equiYalent to not more than one vertebra and intervertebral 
disk. 

The descent of the epiglotti throughout the cour e of life from 
early prenatal to adult life is apparently as follows: The level is 
practically constant during prenatal life and infancy (Charts 1 and 4); 
a drop of two vertebrae and disk occurs between the first and 
thirteenth years, and a very slight descent occurs after thi time, the 
level in the adult being quite constant. 

The level of the inferior margin of the cricoid cartilage, and there
fore of the inferior limit of the larynx, is less constant during fetal life 
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hart 2.- The relation of the apex of the right lung to the suprasternal notch 

in the fetu and the new-born; the vertebral level of the apex and of the 
inferior margin of the right lung. 

and early infancy than i that of the epiglotti . In the 10 to 15 cm. 
group, it i located in the vicinity of the third cervical vertebrae; 
wherea , in the 45 to -o cm. group, it has dropped to the vicinity of 
the fourth cervical vertebra. The de cent i marked at all body lengths 
by wide variation , but a a whole it i a rather gradual one. The total 
drop between early fetal life and in early infancy i about equivalent 
to one vertebra and di k. 

The de cent of the inferior margin of the larynx considered from 
early fetal through adult life begin in the fourth fetal month and con
tinue until birth (Chart 1), a drop of about one Yertebra and one di k. 
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This level is maintained during in fancy, but another descent occur · 
during childhood (Chart 4), so that by tlie thirteenth year the inferior 
margin of the cricoid cartilage has de cended about two vertebra and 
one disk, opposite to the vicinity of the sixth cervical vertebra. The 
adult data indicates that there is a further descent of one vertebra and 
disk, to the seventh thoracic vertebral level. 

The level of the tracheal bifurcation in the fetus and during the 
period of the new-born is also le s constant than the level of the 
epiglottis. In the 10-15 cm. group, the average level is at the third 
thoracic vertebra, and in the 45-50 cm. group. around the third 
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Chart 3.-The relation of the apex of the left lung to the suprasternal 
notch in the fetus and in the new-born; the vertebral leYcls of the apex and 
of the inferior margin of the left lung. 

and fourth thoracic vertebrae. There i , therefore, an appreciable 
descent in prenatal life of an extent of one vertebra and one inter
vertebral disk. The de cent, as in the ca e of the lower margin of the 
larynx, i gradual from early fetal life to the end of the prenatal period. 

The bifurcation of the trachea con idered from early fetal life 
through infancy, childhood and adult life (Charts 1 and 4) i a fol
lows: Like the lower limit of the larynx, it begin a de cent in the 
fourth fetal month from the level of the third thoracic vertebra to a 
region between the third and fourth thoracic vertebrae at birth. Thi 
level per i t during the period of infancy. but early in childhood, at 
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about 2 years, another descent is apparent; and by the thirteenth year, 
the bifurcation has dropped a distance of one vertebra and disk to the 
level of the fourth and fifth thoracic vertebrae. This limit is apparently 
maintained during adult life. 

Cameron ( 1922) ,31 in a study of the abdominal viscera in fetal life, 
concludes that, of these organs, only the cecum, splenic flexure and 
sigmoid flexure undergo a descent in regard to the vertebral column, and 
Solhaug (1923) 32 finds that the bladder, uterus and ovaries of the 
pelvic organs descend caudalward. 

In order to determine the descent of the lungs from early fetal life 
to the period of the new··born and in postnatal life, the uppermost and 
lowermost extent of these organs were noted in relation to the vertebral 
column and the data in the literature were surveyed. The relation of 
the upper poles of the lungs to the suprasternal notch was also noted. 
The data for the right lung are plotted in Chart 2. 

The relation of the upper limit of the right lung to the sternal notch 
is a practically constant one during fetal life. It is found in the 
majority of cases to be at the same level as the notch, though there are 
some which extend above it, the greatest distance in these being 9 mm. 

On plotting the upper limit of the right lung against the vertebral 
column, there seems to be a slight• caudal shifting. The range is from 
the upper border of the seventh cervical to the inferior border of the 
econd thoracic vertebra. The upper limit of the right lung makes a 

descent after the 20 cm. crown-heel length from between the seventh 
cervical and the first thoracic to between the first and second thoracic 
Yertebra in the new-born, a descent of about one vertebra and disk. 

The lower limit of the right lung in relation to the vertebral column 
shows a definite descent. In the 10-15 cm. group, the range is between 
the upper border of the ninth and the lower border of the tenth tho
racic vertebra. From the 25 cm. length to the end of the series, the 
drop is distinct, as is indicated by the fact that the inferior margin of 
the lungs descends as low as the inferior margin of the twelfth thoracic 
,·ertebra in the full-term new-born child. The descent approximates a 
distance measured by one vertebra and intervertebral disk. 

The relation of the left lung to the ternal notch and to the vertebral 
column is shown in Chart 3. The relation to the sternal notch is quite 
similar to that of the right lung. The majority are level with the notch 
though there are a number which extend several millimeters above and 
a few that are very slightly below it. 

31. Cameron, A. L.: The Topography of the Abdominal Vi cera in the 
Late Embryonic and the Fetal Period of Man as Determined by Graphic 
Reconstruction, abs tr., Anat. Rec. 23 : 12, 1922. 

32. Solhaug, S. B.: A Study of the Developmental Topography of the 
Pelvic Organs of the Female Fetus, Thesis. Doctor of Philosophy, University 
of Minnesota, 1923. 
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The upper limit of the left lung (Chart 3) undergoes slight descent 
after the 20 cm. body length. Up to this length, the range is from the 
upper margin of the seventh cervical to the lower margin of the first 
thoracic vertebra. The drop from this point on to the condition as 
found in the new-born infant is of about one vertebra and disk, and the 
range extends from the upper margin of the first to the middle of the 
second thoracic vertebra at birth. The descent is slight, as was the case 
in the right lung, and it is probable that this descent is real, though 
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Chart 5.-Field graph of the depth of the cardiac notch plotted against total 
body length in the fetus and the new-born. 

it mu t be slight and does not occur until after the fetus ha attained 
a length of about 20 cm. total body length, or beginning in the fifth 
fetal month. 

The inferior margin of the left lung (Chart 3), like that of the 
right lung, undergoe a definite descent. Up to a total body length of 
20 cm., the range i from the upper margin of the ninth to the inferior 
margin of the tenth thoracic vertebra. From this point on, the descent 
is clearly indicated. and in the new-born group, the range has dropped 
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to the leYeb between the middle of the tenth and the middle of the 
eleYenth thoracic vertebra, a total drop of one vertebra and disk. 

Considering both lungs, it may be concluded that the relation to the 
sternal notch is constant; that the upper limit of the lungs may descend 
slightly, and that the lower limit of the lungs, until the period of early 
infancy, undergoes a more definite descent of from one to two verte
brae in extent. 

The vertebral levels of the adult (Chart 4) as given in the literature 
range as follows: The upper limit at the first thoracic vertebra and 
the lower limit opposite the ninth to the twelfth thoracic vertebrae. 
The adult Yertebral levels of the lungs correspond quite closely to those 
found in the new-born infant. Therefore, any increase in length of 
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Chart 6.-Field graph of the angle of the right bronchus plotted against total 
body length in the fetus and the new-born. 

the luna in postnatal life mu t be accompanied by a corresponding 
increase in length of thorax. 

( b) The lobation of the lungs.-Many observers have noted the 
variation in lobation of the lungs, notably Henle 33 who not only 
described them but diagrammed several of them. More recently, 

pandolini,34 in a comprehensive study of the morphology of the lungs, 
utilizing a series of 175 individuals, 125 adults and fifty fetuses of 
\'arious stages of development, discusses lobation of the lungs. 

My material consists of the lungs of a series of 101 fetuses and 
new-born children. It wa found that the greater amount of variation 

33. Henle, J.: Handbuch der systematischen Anatomie des Menschen, 
Braunschweig, 1873, Ed. 2, Vol. 2, p. 274 and Figure 207. 

34. Spandolini, I.: Contributo allo studio della morphologia de! pulmone, 
Arch. ital. di Anat. e di Embryo!. 2 :604, 1913. 



--------------------~ 

xJ 

45 

40 

" 
30 

", 

16 

occurs in the right lung, since thirty-seven, or 36.8 per cent., of the 
total 101 right lungs were typical in their lobation; whereas, sixty-four, 
or 63.3 per cent.,. were atypical. Variation from the normal lobation 
in the left lung is rather infrequent, as is indicated by the fact that but 
5.8 per cent ., or six out of the total of 101 , were abnormal in their 
lobation, and ninety-five, or 94.2 per cent., were typical. 

The variation from the accepted normal of three lobes in the right 
lung and two lobes in the left lung may take form in either an increase 
in the number of fissures or a decrease due to their underdevelopment. 

In the right lung, it was found that incomplete development of the 
fissures was the more frequent, with a total of sixty-one, or 60.3 per 
cent., of the cases showing this deficiency, and but three cases, or 
2.9 per cent., presenting accessory or supernumerary fissures. The 
incompleteness of fissures varies greatly in extent, there being several 
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Chart 7.-Field g raph of the angle of the left bronchus plotted against total 
body length in the fetus and the new-born. 

cases of special note. One right lung had a total absence. of the hori
zontal fissure, and the oblique fissure did not reach the base of the lung. 
Another modification of the fissuration of especial interest is one which 
was present in four of the right lungs. Here it was found that the 
horizontal fissure was not complete in that it failed to reach the median 
border of the lung, and that the oblique fissure, instead of being quite 
straight in its course, had, at the level of the incomplete horizontal fis
sure, a pyramidal tonguelike process which projected medially and 
inferiorly into the underdeveloped horizontal fissure. The presence of 
supernumerary fi ssures in the right lung is not frequent, there being 
but three cases, or 2.9 per cent., of the total number. Of these three 
cases there were two in which the extra fissure extended laterally from 
the oblique fissure at the level of the horizontal fissure to such an extent 
that one might say that these lungs were composed of four lobes. 

-
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In the left lung, abnormal fissuration is relatively infrequent, there 
being but six of the total of 101 left lungs with abnormal lobation. Of 
these, three, or 2.9 per cent., of the total had incomplete fissures, and 
three, or 2.9 per cent., were lungs in which there were supernumerary 
fissures. The latter were incomplete horizontal fissures which tended to 
diYide the lung into three lobes similar to those normally found in the 
right lung. 

Spandolini,34 in his series of fifty fetuses and new-born children, 
found that only 49.l per cent. ol the right lungs were normal in the 
oblique fissure and but 36.7 per cent. of the horizontal fissures were 
complete. He found that the fissures in the left lung were nom1al in 
but 66 per cent. of the cases. His findings in the left lung are much 
higher than those in my series, in which the normally fissured lungs 
totaled 95, or 94.2 per cent. 

( c) The angles of divergence of the bronchi.- The deviation of the 
right bronchus from the midsagittal plane (Chart 6) shows great varia
tion in all of the groups of specimens. In the 10 to 15 cm. group, it 
ranges from 13.2 to 35.8 degrees, and in the new-born group, from 10 
to 30 degrees. However, throughout fetal life, the greater number of 
cases are grouped between 14 and 22 degrees and the average may be 
taken as about 18 degrees. 

The deviation of the left bronchus from the midsagittal plane, like 
that of the right bronchus, varies to a great extent, and the angle is 
much greater than is that of the right bronchus. The range (Chart 7) 
in the 10 to 15 cm. group is from 34 to SO degrees and in the new-born 
infants from 38 to 45 degrees. The average angle for the left bronchus 
may be stated to be about 42 degrees. 

( d) The cardiac notch.-The cardiac notch (Chart 5) shows a 
tendency to increase in size along with the increase in total body length, 
there being, however, very wide fluctuations in this measurement 
throughout the fetal period. The measurement in the 10 to 15 cm. group 
is from 1.0 to 6.0 mm., and, in the new-born group, ranges from 2.0 
to 20.0 mm. 

SUMMARY 

I. The descent of the respiratory system in relation to the vertebral 
column during childhood is not peculiar to this period in the development 
of the individual. It is merely a stage in a process which is already 
manifested in early fetal life and which continues to operate through 
infancy, childhood and maturity. 

2. The larynx. During fetal life, the topography of the epiglottis 
shows practically no change. It remains quite constantly opposite the 
first cervical vertebra. This level persists through infancy and child-
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hood until puberty, when the adult relationship is attained, i. e., it lies 
opposite the third cervical vertebra. 

The inferior margin of the cricoid cartilage, and therefore the lower 
limit of the larynx, descends during the course of prenatal life from 
opposite the third to opposite the fourth cervical vertebra, a distance 
represented by one vertebra and intervertebral disk. During infancy, 
this relationship remains constant; but during later childhood, another 
descent to the level of the sixth cervical vertebra takes place, a drop 
of two vertebrae and one disk. With the attainment of maturity, a 
further descent of one vertebrae and disk has occurred, so that the 
inferior limit of the larynx is then opposite the seventh cervical 
vertebra. 

3. The bifurcation of the trachea. The tracheal bifurcation under
goe,, a descent caudalward in relation to the vertebral column during 
fetal life. It drops from opposite the third to opposite the fourth 
thoracic vertebra, a de cent of one vertebra and disk. The natal 
relationship persists during infancy, but in childhood another descent 
takes place, and by puberty the bifurcation is opposite an area between 
the fourth and fifth thoracic vertebrae. This level is then maintained, 
apparently, through adult life. 

4. Topography of the lungs. The apice of the lungs remain at 
practically the same level as the suprasternal notch throughout the 
course of fetal life. 

The upper poles of the lungs in relation to the vertebral column 
undergo a slight descent during prenatal life from a level opposite the 
eventh cervical or first thoracic vertebra to the upper margin of the 

second thoracic vertebra, a distance of one vertebra or le s. This 
level is apparently maintained throughout the course of postnatal life. 

The inferior margin of the lungs during fetal life undergo a descent 
from between the ninth and tenth to opposite the tenth to twelfth 
thoracic vertebrae, a di tance equivalent to slightly more than one 
vertebra and disk. The latter level, pre ent at birth, coincides quite 
clo ely to the level as given in the tandard texts and atla es for the 
adult, thus indicating the probability that the po tnatal growth in length 
of the lungs is do ely correlated with the increase in length of the 
thorax. 

5. The lobes of the left Jung in the human fetus do not vary much 
from the condition in the adult, there being but 5.8 per cent. of the 
total with atypical lobation. The lobes of the right lung depart quite 
markedly from the conditions usually de cribed in the adult, there being 
but 36.8 per cent. of the total with the typical three-lobed condition . 

-
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6. The depth of the cardiac notch. The extent of the cardiac notch 
during prenatal life is extremely variable in a group of cases of the 
same body length. There is. howenr, a general increase in depth with 

increa5e in total body length. 

T wish to express my sincere thanks to Dr. R. E. Scammon for his kind 
adYice and assistance in this stu<ly. and to Dr. C. :-I. Jackson for many Yaluable 
suggestions. 
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