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Introduction. 

In human embryology the changes in form and the histmlogioal 

differentiation in the cellular elements of the spinal cord have 

been studied very carefully. But as yet little has been done on 

the absolute and relative prenatal growth of the ooraJa.s a whole and 

of its various regions and parts. To throw light upon this matter 

the present study was undertaken. Measurements were made of the 

spinal cords of human embryos which show the absolute a.nd relattve 

growth of the spinal cord as a whole a.nd of its various parts. 

The data here presented include:- First, the absolute and relative 

growth of the spinal cord in its entirety; second, the absolute 

and relative amounts and the rate of growth of the different regions 

of the cord; and third, the absolute and relative amounts and the 

rate of growth of the gray matter, the white matter and the ependyma 

with the canal. Thia investigation was carried on in the Anatomical 

Laboratory of the University of Missouri, under the direction of 

Prof. o. M. Jackson, to whom I am also indebted · for the use of his 

collection of human embryos. 
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Review of Literature. 

Altho the following artioles disouss some of the same points 

presented in this paper there is to be found in the literature 

only very scant references concerning the prenatal growth of the 

human spinal cord. 

Stilling (9) in 1859 completed a very exbaustive study of 

the areas in oross-aeotion for the gray matter (including the 

anterior and posterior horns), the various columns of white matter, 

the ependyma, and the central canal in the various regions of the 

cord in both ohild and adult. He presents data on the spinal 

cords of several adults and three children.These data are used 

thruout this paper for comparison of the prenatal cord with that 

of ppstnat&l .life. 
po.,ti11l 

H1s(5), in 1886 describes the"olosure of the central canal 

in the human embryo a.bout the end of the 2nd month (24mm). He 

noted that the anterior hornsare at first larger than the posterior; 

forming 2/3 of the total gray matter in cross-seotiona.l area at 

9 or 7 weeks. At three months, practically all the various pa.rte 

of the cord a.re distinguishable; but the white substance is rela

tively small in amount, and the anlages of the gray horns are 

very broad and thick. 

Minot (8) in his Textbook of Human Embryology in 1892 states 

that. the central canal of the human embryo remains stationary in 

absolute at.lie but beoomes relatively smaller between the 3rd and 

8th months. He finds the anterior a.nd posterior horns not clearly 

separated at f'ive months. The cervical and lumbar enlargements 

are 1nd1oa.ted at two months, a.nd are well developed at three months. 

ID~ i90:5, DonaJ!'son a.nd Davie ( 4) published soma very 

instructive ourves, illustrating the areas in oroas-aeotion of the 

spinal oord of the child and of the adult at the level of eaoh pair 



)f spinal nerves. These ourves, for the moat part, were plotted 

from Stilling's data. They used the data given by Stilling (9) 

(3) 

for four adult cords in plotting the curves for a composite adult. 

For the curve of the child they used the areas given by Stilling 

for a two year old child and the length of the segments of a 

3 1/2 year old child taken from L~deritz'e observations. These 

curves are reproduced {with variations as explained later) in this 

paper f'or comparison with the curves for the prenatal cord. 

Bryce (3) states that the 'rudiments of the ventral ( or 

anterior) horn of gray matter in the 5th week of prenatal life 

are sharply marked off from the rest of the gray matter by the 

character of their rounded and leas-staining nuclei. He also states 

that the cervical and lumbar enlargement are only manifest at the 

end of the 3rd month. 

Jackson (7), in 1909, gives a curve illustrating the rela -

tive prenatal growth of the various organs a.nd parts of the human 

embryo, including the spinal cord, as compared with the whole body. 

In 1911, Streeter (10) mll.kes a statement that the central 

canal is relatively large in the 2nd month of prenatal life {151JDJ 

embryo) and later decreases ( up to 80mm) both in absolute and in 

relative size. He also says that in the 15mm embryo the ventral 

or anterior horn . of gray matter, which forms somewhat earlier than 

the posterior horn , is present. He finds 1nd1oationa of' both 

horns in the 15mm embryo, altho their shape or form is not oharao

teriatic till later. Furthermore, he finds indications of the 

oervioal and lumbar enlargements at the end of the first month of 

prenatal life. 



Materials and Methods. 

The material used consisted or . the following embryos:

llmm (Bo. 60, 5th week), 17mm.(Ko.58, 6th week), 3lmm. (Ko.57, 

(4) 

8th week), 65mm. (Ko.55, 12th week), and l50mm. (1'o.54, 5 months). 

The lengths are all crown-z:'UDlp measurements. The ages are only 

approximate and all conclusions referring to them are therefore 

subject to more or lees unoertainty. 

The embryos had been prepared by the following methods:-

lo. 60 (~ was fixed and hardened in alcohol, stained in bulk in 

alum-cochineal, embedded in paraffin, and out into transverse 

serial sections, 20µ thiok. Ko.58 (~) was fixed in formalin, 

hardened in aloohol, deoaloified in acid-alcohol, stained in bulk 

in alum-cochineal, embedded in paraffin, and out into transverse 

serial sections, 20p. thick. Bo.57 (~) was fixed in formalin, 

hardened in alcohol, deoaloified in acid-alcohol, stained in bulk 

in alum-ooohineal, embedded in paraffin, a.nd out into transverse 

serial seotions, 20µ. thick. Ko.55 (O') was fixed in formalin, 

hardened in alcohol, decaloified in 1% HOl in 70~ alcohol, stained 

in bulk in al111m-cooh1neal, embedded in paraffin, and out into 

transverse serial seotions,50µ. thick. Ko.54 (~) was fixed in 

formalin, deoalcified in 2~ nitric acid in 70~ alcohol, embedded 

in oelloidon, out into transverse serial sections, 100)1. thick, 

and stained with alum- haemotozylin·. Thia material is all in good 

oondition, eapeoially the younger embrros. 

Sections of these embryos wer,e magnified by means of an 

Edinger projection apparatus (E. Leitz-Wetzlar) and outiine draw

ings made of cross-seotions of the spinal cords. In the oase ot 

the llmm •, l 7mm., Zlmm., and 65nmi. embryos every fourth section 

waa di-awn while in the embryo of 150mm. only every tenth section 

was used. In exceptional oases where the seotion to be drawn waa 
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torn or distorted, the adjacent section was drawn instead. The 

magnification used was 50 diameters, which corresponds to a magni

fication of 2500 times in cross-sectional area. 

The areas of these drawings were measured with a planimeter 

(Ooradi). This instrument on being tested showed an error of less 

than 0.25% which was chiefly due to the technique with which it was 

operated. Two entirely independent readings were made in each 

case and average used in order to minimize the error. The per

centages of the gray matter , (anterior and posterior horns), of 

the white matter \ (anterior, lateral, and posterior columns), and 

of the ependyma with the canal were first calculated from the 

original readings. The original readings were then reduced to their 

actual size from which again the percentages of the various parts 

were calculated. This gave a check on the accuracy of the calcu

lation. Since the thickness of the sections was known it was 

easy to calculate the total volumes ot the cords and their various 

parts. 

The first section which showed filaments oa the first 

pair of Spinal nerves was taken as the upper level of the spinal 
; 

cord.. This .,however,, was not always the exact upper level, on ac-

count of the obli~tf of the section caused by the normal curva

ture or the younger embryos. This error is in most oases not large 

enough to interfere seriously with the general results, but should 

be borne in mind. 

The length of a segment was determined by taking all sec

tions between the uppermost point or attachment of a nerve to the 

cord and the corresponding point of the next pair ot nerves caudal 

to the tirst. Since the thickness of the sections was known, the 

lengths and volumes ot the yarious segments were readily calculated. 

Owing to the curvature ot the younger embryos it was impossible in 
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these to obtain the exact length of the upper and the lower segments. 

Thie, however, did not interfere with obtaining accurately the 

total volume of the cord. In the 65mm. a.nd l50mm. embryos the 

uppermost segments were missing. These were estimated by calcu

lation from the other segments of the same cords assuming that 

the same relative increase takes place in these segments as in the 

other segments of the same oord when compared with the 3lmm. cord. 

While the obliquity of some of the sections interfered in some res

pects, these exceptions are caref'ully noted so that they have not 

resulted in any great error in the accuracy of the work. The 

curvature a.nd corresponding obliquitt of cross-seotions can be de

termined approximately by the graphic reoonstruotionsin lateral 

view of the four younger embryos in the paper by Jackson (6). 

The exact line of demarcation of gray from white matter was 

sometimes difficult to determine, due to· their intermingling, In 

the younger embryos in which only the anlages of the ant~rior 

and posterior horns are presen~, a horizontal line was drawn from 

the small recess in the boun4i'y zone of the gray matter, which was 

very thin, to the nearest point of the central canal. This line 

arbritarily separated the anterior from the posterior horns. The 

lateral horn was not present in the younger embryos. In the older 

stages the lateral horn was included with the anterior, thus 

dividing the gray matter into a ·posterior a.nd antero-lateral horn. 

( See Plate I). 

The white matter was separated into the anterior, postert.or, 

and lateral columns. The lateral border of the anterior column is 

the line of emergence of the outermost ~aso~ea of the nerve roots. 

This separates the anterior and lateral oolumna. The dorao-lateral 

suJ.oua at the attachment of the posterior nerve roots aepar&teA the 

posterior and lat.~r&l oolumne. In the llmm. spee:Jimen"the lateral 



(7) 

columns showed such an irregularity that they were measured with 

the anterior columns. For exact lines of demarcation see Plate I. 

Observations and Discussion. 

Oord as a Whole. 

1. General Form of the Prenatal Spinal Cord. (Tables II to 

VI inclusive.) 

The spinal cord in human embryos shows various points of 

resembll-.rtce.; in form to the cord in the adult, as shown in Plate II. 

Passing oaudad from the brain there a.re indication~, however, that 

the spinal cord diminishes gradually in its diameters to about the 

region of the 3rd cervical segment. This resembles the cord of 

the child but not of the adult. From here there is in all the 

embryos a slight but constant inorease which reaches its maximum 

in the region of the 4th or 5th cervical segment. This enlargement 

in the cervical region corresponds to the cervical enlargement or 

intumesoentia oervioalia. This is followed by a more gradual or 

steady 4aorease in area or cross-section which extends to about the 

3rd thoracic segment. The diameters of the thoracic segments, from 

the 3rd to the 8th, have practically the same area of cross-section 

in each or the embryos examined. This is also true in the child 

arid to a leas extent in the adult. Kear the lower end of the 

thoracic region, in the vicinity of the 9th or 10th segment, there 

are indications of the lumbar enlargement or 1ntumesoent1a lumbalis. 

The cord increases in area. of cross-section f'rom the lower thor

acic segments to the 5th lumbar segment. or thereabout, whence 

there is a gradual tapering of the cord as it decreases in orose-

aeotional area to its end in the filum termin&le. The lower ends 
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of the cords are somewhat conical tin shape. 

In general shape the prenatal cord in cross-section ie at 

first oval, being compressed in its transverse diameter. (See 

Plate I.) Later, however, it becomes compressed in the dorso

ventral diameter and expanded laterally. In the thoracic region, 

the spinal cord more nearly retains a cylindrical form. In these 

respects the fetal cord approaches the postnatal condition. If we 

compare the increase in cross-sectional area at successive stages 

with the increase in volume of the spinal cord, we find in general 

that the volume increases the more rapidly. That is, the cord 

becomes relatively longer and slenderer during the prenatal life, 

and this tendency continues in the child to the adult. 

2. Special Features in the Various Embryos. (Plate I and 

Tables II to VI, inclusive.) 

In the llmm. embryo (Ko. 60) only the cervical and thoracic 

segments were measured separately. By referring to Table II and 

Plate II, Fig. I, one can readily see that this embryo differs 

somewhat from the prece~ding general description. Owing to the 

obliquity of the section in the cervtcal and lower thoracic region, 

(due to the normal curvature of the spinal cord in embryos of this 

length 0 not much stress can be laid on the apparent increase in 

area of cross-section in these regions as shown in the curve. 

However, . from meaaurem~ts . of the transverse diameters of these 

sections, which show an increase in the cervical region, the 

indications are that there ls a slight increase in cross-sectional 

area in the region of the cervical emlargement. There is, however, 

no evident lumbar enlargement. The apparent increase shown in the 

curve in the lower thoracic region is due entirely to the obliquity 
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of the sections. The oord seems to taper from the cephalic end 

to its caudal extram1~y. The lower end of the cord is ao curved 

that the segments could not be separated. The shape of the cord 

(Plate I, Figs. 1 and 2 ) is in general like that of a rectangle 

with the corners rounded. The outline is not smooth, due proba)ly 

to the fact that the columns of white matter are as yet not formed. 

The spinal cord of the 17mm. embryo (Ko.58) presente(as 
""Pla.ter 

shown in Table III~and Fig. II, Plate II) some of the same features 

as the oord of the llmm. specimen. From the increase in areas 

of crosa-seotion and in the lateral diameters of the section~, it 

is evident that there is in this oord a noticeable inqrease in 

the region of the cervical enlargement, and a very slight increase 

in the lower thoracic and upper lumbe.r segments which is possibly 

due in part to the beginning of the lumbar enlargement. The 

increases both in the ce~vical and thoraco-lumbar regions a.re less 

than apparently shown on the ourve, due to the curvature o~ the 

oord and the corresponding obliquity of the sections. 
-P\o..te I.6 In the 3~mm. embryo (Ko. 57; Table I~A anu Fig.III, Plate II) 

the Upper three segments are BO CUt as to contain both medulla 

and spinal cord. The outline of the cord oould be made out 

separately, however, and only the oord was measured. The oervioal 

enlargement is recognisable also in this oord. This is the 

youngest embryo in which there is a well-marked lumbar enlarge

ment, whioh is followed by a decrease in the sacral region. The 

preoeeding does not agree with Bryce (3) who states that the 

cervical and lumbar enlargements are only manifest at the end o~ the 

3rd month. However, Streeter (10) finds indications of the en

largements at the end of the first month while Minot (8) states 

that they occur at 2 months (well developed at 3 months). The 

oord of the 3lmm. embryo is but slightly le.rger in area of cross-



~3oction {and even smaller in places ) than of the 17mm. specimen. 

The diff'erenoe may be due in part to individual variation and 

in part to the growth being chiefly, along the longitudinal axis 

about this period, as will be shown later. 

( 10) 

The upper two cervical segments in the 65mm. embryo {Ko. 55; 

Table V and Fig. IV, Plate II) are lacking. They were estimated 

to complete the data. This was done by assuming that these 

segments would show the same relative increase, as other segments 

of the ea.me cord, when compared with oorreeponding segments 
fil'L 

of' the cord in the 3lmm. specimen. They a.re,_closed in parentheses 

in the tables. A very marked variation occurs in this cord. 

The cervical enlargement appears relativel' small. The lumbar 

enlargement shows a greater area of cross-section than the cervical 

enlargement. As this relation is not found in any other cord 

examined, it is proba'l:Uy due either to more rapid relative growth 

of the lower portion of the cord at this period or to an individual 

variation. The tapering of' the lower extremity of the cord is 

definitely showrlhere since all the lower segments were measured 

separately in this specimen. 

In the cord at the middle of' the prenatal period {150mm. 

embryo No.54) {Table VI and Fig. v, Plate II) the upper three 

oervioal segments are missing. These were estimated as above. 

Thia cord agrees well with the general description previously 

given. 



3. Growth of the Cord as a Whole. 

The total volumes of the spinal cord measured are shown 

in Table I. From these data a.nd volumes of the entire body 

(which were known) the percentages that the cords bear to the 

entire body were oaloulated. They are as follows:-

C.R. Length Body Volume of ~ Total Body 
o:f Embryo. Volume. Spinal Cord. Volume. 

cc. cc. 
llmm. .0976 .004024 4.13 (4.85) 

17" .3788 .01194 3.15 ( 3.43) 

31" 1.693 .02115 1.25 (l.53) 

65" (20.00) * .1505 .755 

150" (200.00) * .3969 .198 

* Estimated. 

(11) 

The difference in the percentages obtained by Bonnot and 

Seevers (1) for the llmm.,a.nd Jackson (7) for the 17mm. a.nd 31mm. 

specimen', and those by myself is quite marked. Their results 

are given in parentheses, and are larger in every case. This 

difference is due chiefly to a difference in technique. In 

measuring the area of the various sections they took the border 

on the outer edge of the meninges immediately surrounding the 

cord, a.nd passed directly over the anterior fissure and posterior 

aulous, while I in all oases measured on the surface of the ~pinal 

cord proper, leaving out the meninges a.nd following the various 

brea.lca in the continuity of the outline. The small difference 

would be expeoted,due to this difference in technique. 

The absolute growth of the prenatal cord is very marked in 

the younger embryos as shown by the total volumes of the cords in 

!able I. This is what is expected since the neural tube or anlage 
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of the spinal cord forms very early in the embryo. The growth of 

the spinal cord during the 2nd month of prenatal life seems to be 

in the length of the cord more than in the cross-sectional area 

as will be shown later. The rate of growth aeems,in general, 

to decrease with the age of the embryo. During the 2nd and 3rd 

months (llmm.to 65mm.), the cord has increased 36 times,or 3600%. 

In the 4th and 5th months (65mm. to 150mm.) together the increase 

is only approximately 160%. 

The relative growth-rate decreases with age as is also shown 

by the decline in percentages which the spinal cord forms of the 

entire body. Thie agrees with the rate of absolute growth in that 

as the age increases the rates of growth become relatively slower. 

Vierordt (11) gives .1a% of the total body weight for the spinal 

cord in the newborn and .06~ in the adult. These figures added 

to my results show that the decrease in growth-rate continues 

thru prenatal into postnatal life. This agrees with the conclusion 

reached by Jackson (7). 

4. Growth of the Various Regions. 

a. Cervical Region. 

The different regions of the spinal cord show in their 

rates of growth some alight differences when compared with the 

rate of, growth of the entire cord. The cervical region exhibits 

a slower rate of growth than the whole cord up to the 31mm. 

embryo while from here to the end of the first halt of prenatal 

1 ( 4'"G.t<! 
ife 150mm.embryo) it slightly exceeds the growth-A of the whole 

cord. The cervical region increases approximately 175~ while the 

entire cord during the same period increases less than 166~. 

In area of cross-section, using the 5th cervical segment 

tor comparing the growth of the cervical region, it is observed 
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o.lso "fllo.ies I """'1 rr.. 
(Tables III to VI 1inc.) that the area increases as growth in volume 

proceeds. However, a comparison of the 17mm. and 31mm. embryos 

show that the cross-sectional area increases only about 60% while 

the volume in the ea.me period inoreasea over 100~. Thia indicates 

that during this period the growth along the longitudinal axis is 

greater than in the transverse die.meters. The 65mm. embryo 

in cross-sectional area shows a small absolute decrease over the 

3lmm. embryo in the cervical region. This decrease ia evidently 

due to individual variation. During the latter part of the first 

half of prenatal life the relative growth in area of cross-section 

is relatively less than the growth in volume, as compared with the 

younger stages. By using the areas of cross-aection.,of the 5th 

cervical segment as given by Donaldson and Davis (4) (taken from 

Stilling) for a child of two years and a composite adult, an increase 

of 600% occurs in the child as compared with the 150mm. embryo and 

and of only 100% between the child and the adult. This indicates 

that in the cervical region the growth in area of cross-section 

decreases relatively (compared with volume) with age up to maturity_,, 

as previously mentioned for the entire cord. 

The relative amounts by volume which the different regions 

form of the entire cord as given in Table I. The cervical region 

in the llmm. embryo constitutes 37~ of the entire cord. This is 

proba~ly somewhat too large qwing to the obliquity of the cord in 

this region. However, it is readily seen that there is a sli,ght 

decrease to a.bout 28% in the mid-fetal cord ( 150mm. ) In the 2:_., .. 

old child it is relatively larger, rorming 36~ of the entire cord. 

There is a· decrease to 31~ between this and the adult stage which 

seems to correspond to the increase in the thoracic region. 
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b. Thoracic Region. 

The thoracic region, in volume, shows an increaae of slightly 

leas than 400" between the llmm. embryo and the 65mm. specimen. 

Thia is more than the increase in the cervical region during the 

same time which is leas than 300"· From the 65mm. embryo to the 

midfetal period (l50IIUXL.), the thoracic continues to increase 

slightly more rapidly than the cervical region. This is also true, 

for the thoracic region, when compared with the cord as a whole, 

as shown in Table I. 

In cross-sectional area the thoracic segments from the 3rd 

to the 8th are practically constant. The increase in area of 

cross-section is more marked between the llmm. and 17mm. specimens, 
{'plate I , 

being 250~, than between a.ny other two wmbryos of adjacent periods. A 

In the thoracic region the relative decrease in oroes-sectional 

area (with a relative increase in volume) t'rom the 17mm. to the. 

3lmm. specimens (Tables III and IV) is in agreement with the 

previous statement that during this period the growth is greatest 

along the longitudinal a.xis. This continues thru the prenatal 

per~d a.nd continues into postnatal life. The 65mm. embryo is 

slightly smaller in cross-sectional area than the 3lmm. embryo in 

the thoracic region. 1lis absolute decrease is probe.l>ly due to 

ind~vidual variation. By using data for the child and adult ta.ken 

from Dona~~on and Davis (4) and Stilling (9) it ie shown that in 

the time whioh ela;pses between the aidfetal period and the 2nd 

year of' postnatal life the cross-sectional area of the thoracic 

region increases approximately 1000~, while f'rom h81'er.C.o:.. the adult 

there is only an increase of' about 100~. This shows that the 

oervical and thoracic regions have nearly the same growth-rate in 

area of oross-seotion from the o::::b:1~12d to the adult stage. 
The thoraoio region is relatively smaller than the cervioal 
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region in the llmm. embryo. However, it shows a much more rapid rate 

of growth and in the 17mm. embryo is larger both relatively and 

absolutely than the cervical region. This growth continues thru-

out prenatal life and continues into the postnatal period until in 

the adult the thoracic region is nearly twice as large as the cervi

oal region, a.a shown in Table I. 

o. Lumbo-sacral Region. 

The lumbo-saoral region of the spinal cord shows (Table I) 

approximately the same . rate of growth, in volume , as the thoraoic 

region and a faster one than the oervioal region up to the 17mm. 

embryo• After they can be diffezZntiated ( 3lmm.) th8:':tambar region 

grows relatively faster in absolute s~ze than the sacral region. 

In the 31mm. embryo the lumbar region is 1 6/10 times, while in 

150mm. embryo it is 3 3/4 times as large as the sacral region. 

The 4th lumbar segment is used to compare the areas of oross-
('Pl~hI) 

sac;ion in the lumbar region~ In the younger embryos (llmm· and 

17mm.) this segment oould not be measured owing to the curvature of 

the cord. In the 65mm. embryo the cross-seotional area of the 

lumbar region is much larger, relatively and absolutely, than the 

cervical region, as previously stated. The rates of growth of the 

lumbar region in area of oross-aeotion is slower than that for the 

cervical or thoraoic regions in the 65mm. and 150mm. embryos. This 

same relative decrease continues in this region in the child and 

adult. 

The lower region .oo. the cord, including both the lumbar and 

sacral forms31% of the entire oord in the llmm. embryo. It increases 

relatively until in the 31mm. specimen when it comprises 38~ ·of the 

whole, the lumbar division forming 8/13 of this lower region. 

The lower region decreas~}1n relative size in later prenatal life 
and in the child until . in the adult it forms only 18~ of the entire 
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cord. The sacral region decreatJes relatively more than the lumbar 

as previously noted. 

This relative decrease in the lumbar and sacral regions 

was unexpected, for it seems that since the corresponding parts 

of the body, (the pelvis aRa lewe. and lower extremity) increase 

in relative size during this period, we shou,ld expect a relative 

increase in this region of the cord. This decrease is evidently 

associated with the shortening of the spinal cord within the 

vertebral canal, whioh begins about the 3rd month and results in the 

well known retraction of the lower end of the cord. 

In comparing the rates of growth in volume and in average 

cross-sectional area of the spinal cord, let it be assumed that 

the volume and the cross-sectional area in the llmm. embryo each 

equals to 1. Then it is noted that in the 17mm. specimen the volume 

has increased relatively twioe as much as the area of cross-section. 

In the 31'Jnm. embryo the increase in length is to the increase in 

area as 3 is to 2. This relatively greater increase in volume, 

over the cross-sectional area, is also found in the 65mm. and 150mm. 

embryos tho not so marked in these. This indicates that the growth 

in length is relatively greater than in area of oroas-aectlon aa 

previously stated. 
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Gray Matter. 

'Pl a.te.I 
1. General Form. (Tables $! to V!Jinc~Aand Plate II.) 

The gray matter , which constitutes the cellular pant of 

the spinal cord, in the older embryos studied shows an increase 

in cross-sectional area. in the regions of the enlargements-a.a 

compared with that found in the thoracic region. In the youngest 

embryo {llmm.) the gray matter was of about the same area in all 

segments. The anterior (or ventral ) Korns form more than one 

half of the gray matter in all specimens studied. In the youngest 

embryo the anterior horn anlage is approximately three times as 

large a.a the posterior (or dorsal) horn, which agrees approximate

ly with the statement of His (5). Later, however, the posterior 
(oY cl.-nj"erioY). 

approach the ventral in size. 
" 

The lateral horn is not well marked 

except in the older embryos. (See Plate I.) In a.11 cases when 

present it is included with the anterior horn. The gray •attar 

shows much variation in shape in different segments. This seems 

to agree with Bruce (2), who states that the gray matter has a 

diff t h i (ldu.lt eren s ape n the variousAsegments. 

2. Special Features in the Various Regions. 

In the llmm. embryo (Table II and Fig.I, Plate II) there 

seems to be more gray matter (in cross-sectional area) in the 

cervical than in the thoracic region but this is at least in part 

due to the obliquity of the section. In the 17mm. embryo (TableIII) 

there is a alight increase in the area of cross-section in the 

cervical region (as compared with the thoracic) which probally 

corresponds to the cervical enlargement. The small increase 

shown by the data in the lower thoracic and upper lumbar se~ments 

is due for the most part to the curvature or the oord. The 31mm., 

65mm., and 150mm. embryos all seem to correspond closely to the 

general description ( Tables IV, v, and· VI, ,and Plate .II). 
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The 65mm. embryo shows a relatively larger area of cross-section 

in the lumbar region than in the cervical region. In the others 

the cervical regiom . is the largest. This is true for the orosa

seotional are~f the whole cord as well as for the gray matter. 

3. Growth as a Whole. 

The total volumes of gray matter, both absolute and ' relative, 

are given in Table I. The gray matter comprises about 38% of the 

entire cord in the llmm. embryo. In the 17mm. embryo it has in

creased in absolute volume approximately 300% and now comprises 

about 50% of the entire cord. The increase in absolute volume 

continues, but relatively slower, to the 65mm .• embryo where it forms 

58~ of the total cord. In the 150mm. embryo (at the m1df'etal period) 

the relative volume shows a slight decrease (to 53%) while the 

absolute volume continues to increase. Thia continues into postnatal 

life, until of the cord of the child it forms only 27~ of' the whole 

and in the adult only 20~. 

As previously stated the anterior borne a.re relatively much 
P\ate'i. 

larger in the earlier stage~. The anterior horns can be distin&-. 

uished from the posterior horns in the llmm. embryo altho they are 

:f'a.r from the characteristic shape assumed later. His (5) receg

nized the anlages of the posterior and anterior horns early in the 

2nd month, but states that they do not assume their definite form 

until later, being very broad at 3 months. Minot (8) fol.md them 

f'Used at about 5 months. Streeter. (10) and Bryce (3), however, 
($ll> uieek) 

state that in the 15mm. embryoAthe rudiments of the anterior horns 

can be seen. 
'"PlatelI, 

Growth of Various Regions. (Tables I and IX to XII inc.) 
i\ 

The cervical region of the cord contains relatively more 

gray matter by YOlume . than the cord as a whole. In the 31mm. 
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embryo the gray matter is 57~ of the cervical region while it is 

slightly less in the entire cord (55%). This hold true in all 

the embryos studied and is seen, by the data on the child and 

adult to continue into postnatal lite. The differences are proba»

ly relatively lees in the llmm. and 17mm. embryos than in the older 

specimens altho they seem to be more as shown by the curve. This 

is due to the curvature ot the embryo. The gray matter or the cer-
. ~ · 

vioal region reaches the maximumAin t~3l.mm. embryo while in the 

entire cord the maximum or gray matter is in the a~. specimen. 

The gray matter in the thoracic region has practically the same 

rate of growth as the gray matter in the cord as a whole up thru 

the stages examined. The gray matter in the .lower regions grows 

taster thab the gray matter in the entire cord up to the 17mm. 

embryo When it. grows relatively slower during the rest of the 

first half of prenatal lite. 

By comparing the areas ot gray matter as given in Tables 

II to VI inc., it is shown that, .in general,the rate ot increase 

in all regions is relatively the same as found tor the entire 

oroes-sectiona.l area in the various regions. The gray matter of 

the lumbar region tends to show a relatively more rapid growth 

than either the cervical or thoracic regions during the period 

trom the third month (65mm.) to the end of the first halt of the 

prenatal period (150mm.) • This is what. we might expect since 

it is 3uat preoeeding this time that the lumbar enlarge~ent makes 

its appearance. 
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White Matter. 

1. Form. 

In any given segment the white matter shows in general the 

same increase in cross-·aectional area as the the increase in 

the entire cross-sectional area of' the corre•ponding segment. {Plate.si: 

..... ·11 ~- The various columns are indef'initely formed in the llmm. 

embryo and later gradually assume their typical shape and relation 

to the gray matter. 

2. Growth as a Whole. (Table I.) 

The white matter shows a steady increase in the total amount 

both absolutely and relatively from the youngest embryo (l1'JJ.•) 

examined to the adult, as shown in table I. In the llmm· specimen, 

the white matter forms 13fo of the entire cord while in the 150mm. 

embryo (midf'etal period) it constitutes 46~ of' the whole oord. 

In the child of two years it forms 73fo and in the adult 80~. 

Thie is considerably different from the gray matter, whioh increases 

relatively up to the 65mm. embryo and thereafter decreases relative

ly into postnatal life. The data tor the different columns indi

cate that the rate of growth for the various columns is irregular. 

In some stages one pair of' columns is relatively the largest and . 

in the following stage another pair is the largest. Thia •·may be due 

to the formation of' the different nerve tract• at different periods • 

. $. Growth in D1ff'erent Regions. (Tables I .and IX - XV-inc.) 

The white matter in the cervical region of the 11.aam. and 

17mm. embryos, 1a seen to be relatively larger than in the cord 

•• a whole. In the 31mm. embryo it ia about equal. and in the 

f~· and l80mm. specimens it is less. Over 50~ of. the total 

white' matter of' the llmm. embryo ia in the oen1o&1 .region ,, In 
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the older embryos the greatest amount of white matter is found in 

the thoracic region. The length of the thoracic region accounts for 

the larger volume since the area of cross-section in this region 

is smaller than in either the cervical or lumbar region. In each 

of the various regions there is a relative increase of white 

matter present from the youngest embryo to the adult, the same 

as in the entire cord. 

Ependyma With the Central Canal. 

1. Form. 

The ependyma and central canal are measured together in 

this study. They undergo some very marked changes during prenatal 

life. Only the volume and area in cross-section are considered here. 

They are uniform in area of cross-section thruout the thoracic 

region of the co1~d~~~~Atnth4e cephalic end where it is continuous 

with the 4th ventricle the canal is slightly enlarged. A corres

ponding enlargement, tho more marked is found at the caudal end 

in the conus medularia where it forms the sinus r.bdmboidalia 

(which is so well marked in birds). After the 17mm. stage the 
~~ 

canal is always decidedly narrower in the thoracic region. (Plate.sAII) 

2. Growth. 
~~ 

The areas of the ependyma and canal are shown 1n PlatesAII 

and in Tables II to VI inclusive, while the volumes are given in 

Table I. The ependyma with the canal in the llmm. embryo forms 

49fo of the entire cord. In the 17mm. embryo they have decreased 

in relative size to 241o but show an absolute increas~ From this 

stage they bbth show a decrease in relative and in actual size 

until in the midfetal periQd (150mm. embryo) they form only .59fo 

of the whole cord. Thie decrease corresponds to the closure of 
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the dorsal part of the central canal described by Hie (5). The 

ependyma and canal are too small to be shown in the curves after 

the 65mm. embryo. It is readily seen that the ependyma and 

canal reach a maximum size during the second month. Thie agrees 

with Streeter (10) who finds it relatively large in the 15 mm. 

embryo. Thia, however, does not quite agree with Minot (8) who 

says the canal remains stationary from the 3rd to 5th months of 

prenatal life. 

The ependyma with the central canal show a relatively 

slower rate of growth than the gr~y matter up to the 17mm. embryo 
~~so\u.~e. Si><.e, 

when they reach the maximum~ The gray matter, until it reaches 
reJcitive si'z.e . 

its maximumAin the ~~mm. embryo grows relatively faster than the 

White matter. It seems as tho from the 17mm. to the 65mm. 

specimen the gray and white matter both grow chiefly at the ex

pense of the canal a.hd ependyma and thereafter the white matter 

continues to increase while the gray matter decreases in relative 

volume. 



Summary. 

' Some of the more important observations and conclusions 

may be sUminarized as follows:-

1. In the llmm. embryo,(Fig. I, Plate II) indications 

of the cervical enlargement first appear. In the 31mm. embryo, 

(Fig. III, Plate II) the lumbar enlargement is first definitely 

shown tho it may also be present at 17mm. (Fig.II, Plate II). 

The llmm. cord, in general, tapers from the cervical end to the 

caudal extremity. In the S5mm. a.nd 150mm. embryo the cervical 

and lumbar enlargements appear very prominent. 

2. The percentage which the spinal cord forms of the 

entire body declines rapidly during the 2nd and 3rd months of 

prenatal life and later more slowly as shown by Jackson (7). 

(23) 

The actual rate of absolute growth of the cord 1e much more ra

pid during the early prenatal months than during the later periods 

or life. 

3. The various regions or the cord form different per

centages of the whole cord at different ages. The cervical re

gion forms approximately 37% of the whole cord in the llmm.. speci

men and decreases to 28% in the midfetal stage (150mm.). In the 

child a.nd adult it forms 36~ and 31~ or the whole, respectively. 

In the thoracic region there is a gradual increase from 32% in 

the llmm. embryo to 41% in the (150mm.) mid.fetal stageJ to 45~ 

in the ohild and 50~ in the adult. The lumbo-saoral region of 

the cord increases relatively from 31% in the llmm. embryo to a 

maximum of 38~ at 3lmm. Thie is followed by a gradual decrease 

to 31% in the midfetal stage and 18% in both the child and adult. 

The decrease in relative atze which occurs from the .2nd month of 
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prenatal life and extends into the postnatal period, is associ

ated with the shortening of the cord in the vertebral canal. It 

is very remarkable when compared with the relative increase at 

the same time in the corresponding portions of the body (pelvis 

and lower extremity). This decrease is most marked in the sacral 

region of the cord. The thoracic region appears to grow at the 

expense of the cervical region up to about the 2nd month of prena

tal life, and thereafter at the expense of the lumbo-aaoral re

gion, continuing up to the adult cord. 

4. The gray matter constitutes about 38% of the whole 

in the llmm. embryo increasing relatively to about 58% in the 

eemm. specimen. Thereafter it decreases until in the child it 

forms 27% and in the adult less than 20% of the whole oord. The 

relative amount of gray matter in the cervical region :rrom the 

earliest stages, and in the lumbo-sacral region from the 3lmm. 

stage, is slightly greater than in the thoracic region. The 

ventral horn is about three times as large as the dorsal horn in 

the youngest embryo (llmm.). This difference in size becomes less 

in the later stages so that the ventral horn is later only about 

50% greater than the dorsal horn, which is the ratio in the adult 

cord. 

5. The white matter has a rate of growth different from 

that of the gray matter. It increasessteadily from 13% in the 

llmm. stage to 4S% of the whole cord in the mid-fetal period 

(150mm. embryo). In the child it forms 73% and in the adult so%, 
showing that the steady increase is continuous into postnatal 

life. In the white matter as also iu the gray matter the relative 

increase in the different regions is about the same as the increase 



in the c ~)rd as a whole. The dif'f'erent columns of' white matter 

present . m81J11 irregularities in growth which may be due to the 

suooeesive f'ormation of' various tracts at dif'f'erent ages. 

(25) 

6. The ependyma with the canal show some very interesting 

growth relations. In the llmm. embryo they f'orm nearly 50~ . ot 

the entire cord. This is f'ollowed by a gradual, rapid, relative 

decrease until by middle of' the f'etal perioti (150mm.) they f'orm 

only .~9~ ot the whole. This marked relative decrease is accom

panied by a decrease in the absolute size f'rom the 17mm. atage 

onward. ~ . 
With the exception of ~slight dilation at the extremities, 

the canal ie practically unif'orm in caliber in the 11 and 17mm. 

stages, but f'rom the 31mm. stage is more constricted in th• thoracic 

than in the other regions. The white and gray aatter both grow 

at the expense of' the ependyma and canal until about the 3rd 

month when the gray matter begins to decrease in relative amount 

while the white matter continue to increase. 
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Table 1. 
(27) 

Showing Total Volumes of Spinal Cords of Various Age~; the 

Absolute and Relative Amounts of Gray Matter, White Matter, of 

Ependyma with the Canal, and the Different Regions of the Oord. 

Embryo Ro. 

Length in mm. 

Age in Days 
(Estimated) 

60 

33 

58 

17 

41 

57 

31 

56 

55 

65 

81 

54 Oh114. Adult. 
(Stilling) 

150 

140 2-3 .5 7rs. 

Total VO .. m& .00402 .01194 .02115 .1505 .3969 7424.2 27327.5 
ot Oord (CaL.(.J11) 

Vol. ot Gray .00152 .00594 .01161 .0870 .2115 1980.9 5353.l 
Matter 

Vol. ot White .00053 .oo30a .00686 .oeee .meei 5443.3 21974.• 
Matter 

Vol. of Epen- .00197 .00292 .00268 .0032 .0023 
dyma &: Canal 

% Graf Matter ~7.93 49.76 54.90 57.82 53.29 26.68 

"White Matter 13.18 25.,79 32.43 40.03 46.12 73.32 

19.$8 

80.42 

f. Ependyma 48 .89 24 .45 12 .67 2.15 .59 - -
and Canal 

Vol. ot Cerv- .00148 .00376 .00573 .0419 .1098 2697.2 8556.8 
ioal Regiofa 

Vol. of Thor- .00129 .00410 .00739 ~0589 .1640·3359.0 13662.3 
ao1o Region 

Vo.1. ot Lum- } 
bar legion . · 
. .00125 
Vol. ot Sac-
ral Region 

{ 
.00510 

.00408 
.00293 

.0315 

.0182 

.0771 914-.5 

.0.460 453 .5 

f. Oerv. Region · 3e .75 31.52 27 .09 27 .8~ 27 .ee 36 .3S 

f. Thor. Regial 32.19 ~.32 34.~ 39.12 4-1.32 4-6.34-

" .Lumb. Region 1· 
s1.oe 

f. Saor. Region 

. { . 24.11 
34 .1e · 

13.86 

20.93 19.43 12.~2 

i2~1s i1.e9 e.01 

4012.0 

1096 .4 

31.33 

50.00 

14.88 



Table II. (28) 

A.reas of Cross-Sections of the Spinal Cord in an 11 mm, Human 

Embryo. Showing the Absolute and Relative Amounts of Gray Matter, 

White Matter, and Ependyma with Canal. 

Area Area Area of Area of ?'of " of ~ of 
Segment. of Cross- of Gray White Ependyma Gray White Ependyma 

Section. Matter. Matter. & Canal. Matter. :U:atter. &: Canal. 

sq. mm. sq. mm. sq. mm. sq. mm. 
Oerv. I. .600 .244 .120 .236 40.67 20.00 39.33 

" II. .560 .232 .112 .216 41.43 20.00 38.57 

" III. .540 .224 .112 .204 41.48 20.74 37.78 

" IV. .528 .220 .108 .200 41.67 20.45 37.88 

" v. .544 .• 204 .104 .236 37 .so 19.12 43.38 

• VI. .532 .208 .084 .240 39.10 15.79 45.11 

" VII. .508 .224 .072 .212 44.10 14.17 41.73 

" VIII •• 464 .168 .068 .228 36 .21 14.65 49.14 

Thor. I. .436 .160 .064 .212 36 .70 14.68 48.62 

" II. .416 .148 .oeo .208 35.58 14.42 50.00 

" III. .39.2 .136 .056 .200 34.69 14.29 51.02 

" IV. .384 .148 .044 .199 38.54 11.46 50.00 

" v. .364 .144 .040 .180 39.56 10 .99 49.45 

" VI. .380 .132 .056 .192 34.73 14.74 50.53 

• VII~ .• 384 .148 .052 .184 38.54 13.54 47.92 

" VIII• .376 .144 .044 .188 38.30 11.70 50.00 

" IX .372 .136 .052 .184 36 .56 13.98 49.46 

" x. .344 .136 .040 .168 39.53 11.63 48.84 

" XI. .364 .132 .044 .188 36 .26 12.09 51.65 

• XII. .396 .144 .044 .208 36 .36 11.11 52.53 



Table III. (29) 

Areas of Croes-Sections of the Spinal Cord in a 17 mm, Hum.an 

Embryo. Showing the Absolute and Relative Amounts of' Gray Matter, 

White Matter, and Ependyma with Canal. 

Area. Area Area of Area of 
" of ~of ~of 

Segment. of Crose- of Gray White Ependyma Gray White Ependyma 
Section. Matter. Matter. &: Canal. Matter. Matter. & Canal· 

sq, mm. sq. mm. sq. mm. sq. mm. 
Cerv. I. 1.300 .644 .376 .280 49.54 28.92 21.54 

" II. 1.188 .596 .356 .236 50.17 29.97 19.86 

" III.1.152 .576 .348 .228 50.00 30 .21 19.79 

" IV. 1.180 .576 .372 .232 48.81 31.53 19.66 

" v. 1.264 .652 .372 .240 51.58 29.43 18.99 

" VI. 1.256 .636 .376 .244 50.64 29.93 19.43 

" VII 1.232 .636 .340 .256 51.62 27.60 20.78 

" VIII 1.128 .560 . • 340 .228 49.64 30 .14 20.22 

Thor. I. 1.036 .524 .280 .232 50 .58 27.03 22.39 

" II. .932 .444 .272 .216 47.64 29.18 23.18 

" III. .924 .448 .256 .220 48.49 27.70 23.81 

" IV. .000 .424 .248 .208 48.18 28.18 23.64 

• v. .920 .464 .240 .216 50.44 26.08 23.48 

" VI. .932 .484 .244 .204 51.93 26.18 21.89 

" VII • • 908 .460 .232 .216 50.66 25.55 23.79 

• VIII• .900 .444 .232 .224 49.33 26.78 24.89 

" IX. .916 .4 .. 56 .232 .228 49.78 25.33 24.89 

" x. .896 .428 .232 .236 47.77 25.89 26.34 

" xr. .872 .420 .220 .232 48.16 25.23 26 .61 

" XII. .956 .448 .248 .2eo 46.86 25.94 27.20 

Lumb. I. 1.044 .492 .268 .284 47.13 25.67 27.20 

• II. 1.076 .516 .276 .284 47.96 25.65 26 .39 

" III. 1.12e .540 .292 .296 47.87 25.89 26.24 



Table IV. ( 30) 

Areas of Cross-Sections of the Spinal Cord in a 31 mm, Human 

Embryo. Showing the Absolute and Relative Amounts of Gray Matter, 

White Matter, a.nd of Ependyma with Canal. 

Area Area Area of A.rea of 
" of' " of 

% of 
Segment. of Crose- of Gray White Ependyma Gray White Ependyme. 

Section. Matter. Matter. & Canal. Matter. Matter. & Canal. 

sq, mm. sq. mm. sq. mm. sq. mm. 
Cerv. I. 2.166 1.175 .701 .290 54.25 32.36 13.39 

" II. 2.142 1.182 .688 .272 55.18 32.12 12.70 

" III 2.080 1.160 .670 .250 55.77' 32.21 . 12 .02 

" IV. 2.112 1.204 .672 .236 57.0l 31.82 11.17 

" v. 1.984 1.120 .668 .196 56.45 33.67 9.88 

" VI. 1.780 .992 .596 .192 55.73 33.38 10.89 

" VII 1.496 .808 .532 .156 54.01 35.56 10 .43 

" VIII 1.268 .652 .488 .128 51.42 38.49 10 .09 

Thor. I~ 1.100 .564 .424 .112 51.27 38.55 10 .18 

" II. .904 .460 .352 .092 54.88 38.94 10 .1e 

" III. .852 .416 .348 .088 48.83 40.84 10 .33 

" IV. .816 .400 .328 .088 49.02 40.20 10.78 

" v. .764 .384 .296 .084 50.26 38.74 11.00 

" VI~ .012 .404 .320 .088 49.75 39.41 10.84 

tt VII. .sos .400 .324 .084 49.50 40 .10 10.40 
" VIII .848 •436 .308 .104 51.42 36.32 12.26 
" IX. .860 .436 .312 .112 50.70 36 .20 13.02 
" x. .944 .492 .320 .132 52.12 33.90 13.98 
• XI. .992 .536 .332 .124 54.03 33.47 12.50 
• XII. l .2I6 .708 .368 .140 58.22 30 .26 11.52 

Lumb. I. 1.248 .672 ~412 ~164 53.85 13~01 13.14 
" II• l.f'SS .768 .432 ~228 53.84 33.02 13.14 
" III -l-488 .832 .435 .220 53.78 30.25 15.97 
" I IV. 1.540 .848 .476 ~216 55~91 29 .30 14.79 
" v. 1.528 .832 .460 .236 55.45 30 .11 15.44 

saor. I. l.392 .7S. .408 .220 54.89 29.31 15.80 
"" II. 1.372 .74'8 .400 .224 54.52 29.15 16 .35 



Table v. ( 31) 

Areas of Cross-Sections of the Spinal Cord in a 65 mm, Human 

Embryo. Showing Absolute and Relative Amounts of Gray Matter, 

White Matter, and Ependyma with Canal. 

Area Area Area of Area of ~ of' %.of ~of 
Segment. of Crose- of Gray White Ependyma Gray \Vhi ta Ependyma 

Section. Matter. Matter. & 6anal. Matter. Matter. & Canal. 

Cerv. I. 
sq. mm. 

( 1.936) 
sq. mm. 

( 1.016) 
sq. mm. 
( .880) 

sq. mm. 
( .040) (52.48) (45.45) (2.07) 

" II• ( 1.832) (1.000) ( .796) ( .036) (54.59) (43.45) ( 1.96) 

" III 1.772 .976 .764 .032 55.08 43.12 1.ao 

" IV. 1.808 .992 .784 .032 54.87 43.36 1.77 

" v. 1.896 1.028 .832 .036 54.22 43.88 1.90 

" vr. 1.756 1.008 .716 .032 57.40 40.78 1.82 

" VII 1.592 .904 .664 .024 56 .78 41.71 1.51 

" VIII 1.376 .756 .592 .028 54.94 43.02 2.04 

Thor. I. 1.120 .612 .484 .024 54.64 43.21 2.15 
" II. 1.020 .588 .408 .024 55.65 40.00 2.35 
" III 1.044 .604 .420 .020 57.85 40.23 1.92 
" IV. .960 .556 .384 .020 57.92 40.00 2.08 
" v. .988 .548 .420 .020 55.46 42.51 2.03 
" VI. .980 .564 .392 .024 57.55 40.00 2.45 
" VII 1.040 .576 .440 .024 55.38 42.31 2.31 
" VIII 1.024 .572 .424 .021 55.86 41.41 2.73 
" IX. 1.096 .612 .456 .028 55.84 41.61 2.55 

" x. 1.208 .880 .500 .028 56.29 41.39 2.32 
" XI. 1.244 .724 .492 .028 58.20 39.56 2.25 

" XII 1.508 .860 .616 .032 57.03 40.85 2.12 

Lumb. I. 1.820 1.036 .748 .036 56.92 41.10 1.98 
" II. 2.184 1.224 .912 .048 56.04 41.76 2.20 
" III 2.416 1.404 .972 .040 58.11 40.23 1.66 

" IV. 2.560 1.516 1.000 .044 59.22 39.06 1.72 
" v. 2.412 1.448 .920 .044 60 i~03 38.14 1.83 

Sa.er.II. 2.344 1.420 .872 .052 60.58 37.20 2.22 
" II. 1.828 1.120 .660 .048 61.27 36 .• 10 2.63 
If III 1.416 .892 .492 .032 62.99 34.76 2.26 
" IV. 1.032 .616 .384 .039 59.69 37.21 3.10 
" v. : .• 560 .288 .252 .020 51.43 45.00 3.57 

Ooccygeal .360 .216 .124 .020 60.00 34.45 5.55 
Oonus Med. .244 .100 .132 .012 40.98 54.10 4.92 
Fil. Term. .168 .016 .128 .024 9.52 76 .19 14.29 



Table VI. (32t 

Areas of Cross-Sections of the Spinal Cord in a 150 mm, Human 

Embryo. Showing Absolute and Relative Amounts o:f Gray Matter, 

White Matter, and Ependyma with Canal. 

Area Area Area of Area o:f % of % o:f % of 
Segment. of Cross- of ·Gray White Ependyma Gray White Ependyma 

Section. Matter. Matter. & Cana.l. Matter. Matter. & Canal. 

Cerv. r. 
sq. mm. 

(7.728) 
sq. mm. 

(4.452) 
sq. mm. 

( 3. 220) 
sq. mm. 
( .056) (57 .61) (41.67) ( • 72) 

" 
" II.(7.460) (4.160) (3.248) ( .052) (55.82) (43.54) ( .64) 

" III (7 .360) (4 .032) ( 3.280) ( .048} (54.78) (44.57) ( .65} 

" rv. 7.388 4.040 3.304 .044 54.68 44.72 .60 

" v. 7.560 4.280 3.232 .048 56 .61 42.75 .64 

" VI. 7.748 4.476 3.224 .048 57.77 41.61 .62 

" VII 7 .164 4.036 3.080 . • 048 56 .34 42.99 .67 

" VIII 5.256 2 .676 2.540 .040 50.91 48.33 .76 

Thor. I. 3.640 1.816 1.800 .024 49.89 49.4~ .66 

" II. 2.812 1.496 1.296 .020 85.20 46 .. 09 .71 

" III 2.412 1.256 1.140 .016 5~.:')7 47.26 .67 

" IV. 2.524 1.308 1.204 .012 51.82 47.70 .48 

" v. 2.404 1.236 1.15r. .012 51.41 4A.09 .50 
" VI. 2.500 1~~' 1.288 .012 S0.40 49.12 .48 
" VII 2.464 1.252 1.196 .016 so .81 48.51 .65 

" VIII 2.420 ·1.216 1.188 .016 so .2s 49.0Q .66 

" IX. 2.652 1.384 1.252 .016 52.19 47.21 .60 

" x. 2.832 1.464 1.352 .016 51.69 47.74 .57 
" XI. 3.132 1.632 1.480 .020 52.11 47.25 .64 
" XII 3 .636 l.S.Da 1,904 .020 49.84 49.62 .54 

Lumb. I. 4.228 2.264 1.944 .020 53.55 45.98 .47 

" II. 5.268 3~028 2.220 .020 57.48 42.14 .38 

" III 5~796 3.328 2~444 .024 57.42 42.17 .41 

" Iv. 6 .14.0 3.584 2.536 .020 58.37 41.30 .33 

" v. 6.080 3.620 2.440 .020 59.54 40.13 .33 

Saor. I. 5.792 3.396 2.372 .024 58.63 40.95 .42 

" II. 4.948 2.644 2.284 .020 53.44 46 .16 .40 

" III 4.204 2.272 1.916 .016 54.04 45.58 .38 

" rv. 3.540 2.040 1.480 ~020 57.63 41.81 .56 

" v. 3.104 1.772 1.304 .028 57.09 42.0l .90 

Coccygeal 2.296 1.220 1.048 .028 53.14 45.64 i.22 
Conus Med.l.644 .884 .732 .028 53.77 44.53 l.70 
Fil. Term. .424 .032 .280 .112 7.55 66.04 26.41 



Table VII. ( 3:5) 

-al Area 
Showing the Average Cross-seotionAot Gray Matter 1n the 

Various Regions and the Relative Amounts ot the Anterior and 

Posterior Horne. 

Region. Embryo. llmm. 17mm. 31mm. 65mm. 150mm. Child • . \Adtli\. 
(Stilling) 

' ,J:g •gif •) • 0 .201 .621 .893 .924 3.867 15.91 17.89 
Gray 
Matter. 

Oery. 
V, VI, 

" Ant" 
74.63 69.40 58.45 62.45 54.69 58.80 

VII, & Horn. 
VIII. 

~ Poat. 25.37 30 .60 41.55 37.55 ' 45.31 41.20 
Horn. 

(sq.mm.) 
Area of" .142 .454 .460 .625 1.382 6.46 5.36 
Gh.y 
Matter. 

Thor. 
Region. fo Ant. 79.58 72.03 58.69 64.48 53.62 - - 49.16 

Horn. 

fo Poat. 20.42 27.97 41.31 35.52 46·.38 - - 15().84 
Horn. 

Js~·gif •} A e ·o - - .515 .790 1.326 3.165 i•iee 14.41 
Gray 
Matter. 

Lum.bar 
Region. 

" Arit. 73.59 56.58 57.16 55.04- 52.80 
Horn. 

~ Post. 26.41 43.42 42.84 44.96 -- 47.20 
Born. 



( 34) 
Table VIII. 

Showing the Average Crose-Sectional Area of White Matter in 

the Various Regions and the Relative Amounts of the Anterior, 

Lateral, and Posterior Go~llmlns. 

Region. Embryo. llmm. 17mm. 31mm. 65mm. 150mm. Child. Adult. 
(Stilling) 

(sq.mm) 
Area of .082 .357 .571 .701 3.019 42.24 37.64 
White 
Matter. 

%::Post. 36 .59 20 .45 35.20 28.10 25.55 33.00 
Cerv. Column. 
V, VI, 

'fa Lat. VII, & 59 .3B 51.14 48.08 41.75 36 .40 
VIII, Column. 

63.41 
% Ant. 20.17 13.66 23.82 32.70 30 .60 
Column. 

(sq.mm) 
Area of .050 .245 .336 .453 1.387 23.47 24.22 
White 
Matter. 

% Post. 38.00 20.41 35.71 26.27 32.30 27.60 
Column. 

Thor. 
Region. 'fa Lat. 60.00 51.49 46.14 45.93 54.05 

Column. 
62.00 

'fa Ant. 19.59 12.80 27.59 21.77 18.35 
Column. 

(sq.mm) 
Area of' .279 .444 .910 2.321 21.88 20.80 
White 
Matter. 

fa Post. 20 .43 26.80 31.65 34.38 30 . 20 
Column. 

LUinbar 
Region. fa Lat. 56.99 53.40 4.7 .47 40.84 39.80 

Column. 

% Ant. 22.58 19.80 20.88 24.78 31.00 
Column. 



Table IX & X. (35) 

Absolute and Relative Volumes of White Matter, Gray Matter, 

and Ependyma with the Canal in Various Regions of the Cord in the 

11 and 17mm. Embryo. 

1i,mm. Embryo. 17mm. Embryo. 
1' o"f' 1' of 1' of it, of 

Region. Volume. Region. Total. Volume. Region. Total. 
c,c. c ••• 

White 
Matter. .000269 18.18 50 .69 .001094 29.07 35.54 

Oerv. Gray .000643 43.48 42.14 .001919 51.00 32.31 
Matter. 

.canal & .000567 38.34 28.81 .000750 19.93 25.69 
Ependyma.. 

White .000166 12.82 31.38 .001073 26.20 34.86 
Matter. 

Thor. Gray .000485 37.45 31.77 .002005 48.95 33.76 
Matter. 

Canal & .000644 49.73 32.73 .001018 24.85 34.88 
Ependyma.. 

White .000095 7.60 17.92 .000911 22.35 29.60 
Matter. 

Lumb. Gray ·.000398 31.84 26.09 .002015 49.42 33.93 
cl ·Matter • 

. ~acr. 
Canal & .000757 60.56 38.46 .001151 28.23 39.43 
Ependyma. 



Table XI & XII. 
( 36) 

Absolute and Relative Volumes of White Matter, Gray Matter, 

and Ependyma with the Canal in Various Regions of the Cord in the 

31 and ssmm. Embryo. 

:Slmm. Embryo. 65mm. Embryo. 
% o:r % of' % of' % of 

Region. Volume. Region. Total. Volume. Region. Total. 
c.c. c.c. 

wa:t.ter 
Matter •• 00187 32.64 27.26 .01625 38.80 26.97 

Oerv. Gray .00326 56.89 28.08 .02480 59.22 28.49 
Matter. 

Oanal &.00060 10.47 22.39 .00083 1.98 25.70 
B:pendyma. 

White .00276 37.35 40.23 .02644 44.90 43.88 
Matter. 

Thor. Gray .00427 55.07 35.06 .03181 54.02 36 .55 
Matter 

Canal & •• 00056 7.58 20.89 .00064 1.00 19.81 
Ependyma. 

White .00157 30 .78 22.89 II .01182 37.52 19.61 
Matter. 

Lumbar.Gray .00284 55.64 24.46 .01860 59.05 21.37 
Matter. 

Canal & .00069 13.58 25.75 .00108 3.43 33.44 
Ependyma. 

White .00066 22.52 9.62 .00575 31.49 9.54 
Matter. 

Sa.or. . Gray .00144 49.15 12.40 .01183 64.79 13.59 
Matter. 

Canal & .00083 . 28.33 30 .97 .00068 3.72 21.05 
Ependyma.. 



Table XIII. 
(37) 

Absolute a.nd Relative Volumes o~ White Matter, Gray Matter, 

and Ependyma with the Canal in Various Regions or the Cord in the 

150 mm. Embryo. 

Region. 

Oerv. 

Thor. 

Lumb. 

Sa.or. 

White 
Matter. 

Gray 
.Matter. 

Canal & 
Ependyma. 

White 
Matter. 

Gray 
Matter. 

Oa.na.l & 
Ependyma. 

White 
Matter. 

Gray 
Matter. 

Canal & 
Ependyma. 

White 
Matter. 

Gray 
Matter. 

Canal & 
Ependyma. 

Volume. 
o.o. 

.06059 

.00071 

.08087 

.08213 

.00100 

.03336 

.04345 

.00032 

.02043 

.02528 

.00029 

~or 
Region. 

44.16 

55.19 

.65 

49.31 

50.09 

.60 

43.25 

56.33 

.42 

44.41 

54.96 

.63 

?'or Total. 

26.47 

28.65 

30 .eo 

44.16 

38.82 

43.10 

18.22 

20.57 

13.80 

11.15 

11.96 

12.50 



Tables XIV & XV. (38) 

Absolute and Relative Volumes of White Matter and Gray Matter, 

in Various Regions of the Spinal Cord in a Ohild of 2 Years (Stilling) 

and in a Composite Adult (Donaldson and Davie). 

Child. Adult. 

~ o'f % of ~of ~of 
Region. Total. Region. Total. 

White 75.60 37.46 80.35 31.2fl 
Matter. 

Oerv. 
Gray 24.97 33.23 19.65 31.4! Matter. 

White 78.26 48.29 85.58 53.20 .Matter. 
Thor. 

Gray 21.74 36.87 14.42 :36 .89 
Matter. 

White 63.04 
Matter. 

10.59 704,, 12.99 

Lumb. 
Gray 36.94 17.06 29.53 22.14 Matter. 

White 43.90 3.66 53.28 2.54 
Matter. 

Saor. 
Gray 56.10 12.84 46.72 9.56 
Matter. 



Tables and Platea. 

Explanation of Plate I. 

The following figures represent outline drawings of actual 

cross-sections of different regions of the various spinal cords 

studied. 

Fig. la. 5th Cervical Segment, llmm. embryo. 

Fig. lb. 5th Thoracic 

Fig. 2a. 5th Cervical 

Fig. 2b. 5th Thoracic 

Fig. 3a. 5th Cervical 

Fig. 3b. 5th Thoracic 

Fig. 3c. 4th Lumbar 

Fig. 4a. 5th Cervical 

Fig. 4b. 6th Thoracic 

Fig. 4c. 4th Lumbar 

Fig. Sa. 5th Cervical 

Fig. 5b. 6th Thoracic 

Fig. Sc. 4th Lumbar 

" 
" 
" 

" 
" 

" 
" 
" 
" 
" 
" 

" 

" " 
17mm. 

" " 
3lmm. " 
" • 
" " 

65mm. " 
" " 
" " 

lSOmm. " 
" " 
" • 

( 39) 

· These sections are reproduced with a magnification of lS 

diameters. Where the sections drawn did not show any nerve roots, 

the lines of separation for the various columns of white matter 

were approximated. The letters used in the figures represent the 

various parts as follows:-

c.- Central Canal. 

E.- Ependyma. 

P.- Posterior Horns of Gray Matter • 

A..-
1.
p.
a.-

Anterior " 
Lateral Columns 
Posterior " 
Anterior • 

• • 
of White Matter. 

" It " 

" • " 



(40) 

Description of Plate II. 

Thia plate represents by curves, the areas of the cross-sec

tions of several human spinal cords, as well as the areas of gray 

and white matter (also the ependyma with the canal in the first 

three curves) as they appear in each segment. The base line 

(abaciaea) in all the charts is the same. It is taken from 

Donaldson and Davis (4) and in Fig.VII represents just one third 

of the length of the spinal cord which it represents. It is di

vided into lengths proportional to those of the spinal cord seg

ments of which it is composed. on the ordinates representing the 

cross-sectional areas the scale differs for each figure. In 

order from above downward the curves are as follows:-

Fig, r.- Embryo of llmm. 

Fig. !!I.- " " 17 " 

Fig • . :u::r.- " • 31 " 

Fig. IV.- " " 65 • 

Fig. "f .- " "180 " 

Fig. VI.- Child, data for·,-, area f'rom Stilling' s observations 

on the cord of' a two year old child. 

Fig. VII.- Composite adult, data from Donaldson and Davie, 

which were calculated from the data of four adult cords given 

by Stilling. 

The following points must be held in mind to avoid error 

in comparing the various curvess~ 

1. Curves of' Figa. I and II are incomplete at the lower end. 

2. Curve.sof Fig•.II~re estimated at the lower end (dotted 

lines); also upper ends of Figs. IV and V (as previously explained). 

3. The increase at the upper end (all the cervical region) 

or Fig.I is mostly due to the obliquity of the sections oorrespoaci-



(41) . 

ing to the curvature of the spinal cord. Thia also applies to the 

lower e1r thoracic segments of Fig.I; to the lumbar fJJ.lEi ee.ePal 

segments of Pig. II; the upper four cervical, to some extent, 

in Fig.III and in Fig.IV, all the cervical segments are slightly 

enlarged altho not enough to require dotted lines. 

4. The various segments of the cords are dra19?1 with the 

same relative length as in the composite adult (Fig.VII), and 

not as actually present in the individual embryos. 1'o serious 

error results · from this, if it is remeabered that the curyea 

illustrate area of cross-section and not actual volume. 

5. The ordinates are not drawn to scale so as to represent 

the same total volume in each cord. Hence corresponding areas 

in different cords can not be directly compared as to size. 

But different regions of the same cord can be directly compared 

(with the limita)ion given under 4); as a general form of the 

curves cab be compared for the different cords. 
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