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“CUNNINGHAM MEMOIRS.”

The Lumbar Curve in Man and the Apes, with an Acconnl of the Topographical
Analomy of the Chimpanzee and Orang-wtan. By D.J. Cusxisenas, M.D.
(Edin. & Dubl.); M.R.I.A.; Professor of Anatomy and Chirurgery in
the University of Dublin, (With Prates I to XL.).

[Read, February #th, 1886.]

Tne structural differences between Man and the anthropoid Apes are very
largely due to man’s assumption of the erect attitude, and to his having
dispensed with the use of his upper limbs as a means of locomotion. Thus
the upper limbs are shortened, whilst the lower limbs are lengthened and
strengthened, and possess the power of being fully extended at the hip
and knee-joints. There is not a region of the body in which modifica-
tions in structure to suit this characteristic posture may not be found;
and it is natural that the vertebral column, in its vertical position, should
exhibit peculiarities which are not shared by those animals in which it
is oblique or more or less horizontal. A feature which has attracted
a considerable amount of attention is the lumbar curve—that bulging
or convexity forwards in the region of the loins which constitutes so
marked a character of the human spine. By some this curve is regarded
as peculiar to man, and this view has recently received the support of
Pansch' and Aeby.! Other anatomists deny to man the preseriptive

! ¢ Anatomische Vorlesungen,” von Dr. Ad. Pansch, 1884,
* o Beitriige zur Osteologie des Gorilla,”  Morph. Jahr. vol. iv.
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right to such a distinction, and consider that he shares it with certain of
the anthropoid apes. The observations which I have made in this direc-
tion tend to minimize the importance of the lumbar curve as a distinetive
character of any special group. Not only do the higher apes possess this
curve, but so also do the majority of the lower apes; even some of the
quadrupeds, under certain conditions, may show traces of it. In man and
the Chimpanzee the quality of the eurve is identical; the only difference
is in the extent of the eurvature and in its period of development. But
further investigations which I have made upon several of the low races
(although necessarily of a very imperfect character from the want of fresh
spines) would seem to indicate that the curve is not stamped upon the
vertebral ecolumn of, say, the Andaman, Australian, or Negro, so firmly
as it is stamped upon the column of the European. I do not mean to
mfer that the degree of curvature is less in these races; but whereas
in the European the bodies of the vertebrse are more or less moulded in
adaptation to the eurve, in the low races there is not a trace of this.

In prosecuting this inqguiry into the conditions of the lumbar curve I
have approached the question from two different points of view. In the
first place I have examined the form-adaptations which are presented by
the bodies of the vertebrae concerned; and in the second place I have
endeavoured to determine the quality and the degree of the curve in fresh
spines. The first part of this Memoir, therefore, is divided into two
seetions, corresponding to the results obtained in each of these fields.

Secetion 1.
ADAPTATION OF THE VERTERBRAL BODIES WITIH REFERENCE TO THE LUMBAR CURVE.

This section includes the results obtained by an extended series of
measurements of the bodies of the lower five true vertebra in Europeans,
five of the lower races of man, the anthropoid apes, and some of the lower
apes of the Old World. European vertebre have been measured by various
anatomists, but always on a very limited scale. Thus in the works of the
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brothers Weber,! Niilm,® Hirschfeld," Horner,' Meyer,” Barwell," and
Aeby,” the adaptation of the vertebral bodies to the different curves is
treated with more or less fulness: further, Aeby has compared the measure-
ments of a European spine with those of the vertebral bodies of a gorilla,
two gibbons, and some of the lower apes. None of these investigators,
however, have extended their observations in this direction to the lower
races of man and all the anthropoid apes.

Method adopted in making the Measurements.—The only form-adaptations
of the vertebral bodies which could contribute to the formation of the
antero-posterior lumbar curve are those which affect the anterior and
posterior vertical diameters of the centra, or, in other words, those which
produce the wedge-shape or “ keilform™ condition. Consequently the
measurements were strictly confined to the determination of the vertical
depth of the body of each of the five lower true vertebrae in front and
behind, and to a comparison of the results obtained in each case. The
instraments which were employed were Professor Flower's eraniometer
and the French compas glissitre. But in several instances it was necessary
to measure the hones in the articulated skeleton. This was avoided wher-
ever it was possible to do so, because the determination of the posterior
vertical diameters of the vertebral bodies in such cases is a matter of great
difficulty ; and even with the utmost care errors are apt to oceur. A few of
the lower races and of the anthropoid apes were measured under these con-
ditions, and to ensure accuracy a special pair of calipers were used. In

V¢ Mechanik der menschlichen Gehwerkzenge,” von den Briidern Wilhelm und Edvard Weber
(1836, p. 92,

* * Untersuchungen und Beobachtungen ans dem Gebicte der Anatomie,” & Erstes Heft
(1849), p. 14.

* ¢ Nouvel apergn sur les conditions anatomigques des courbures de la colonne vertébrale ches
I'homme.” Gaz, Méd. de Paris. 1849,

44 Ueber die Normale Kriimmung der Wirbelsiule  Miiller's Arvchiv fiir Anat. Phys., &e,
[1854), p. 478,

# ¢ Lehrbuch der physiologischen Anatomie des Menschen.” 1881,

& 4 The Canses and Treatment of Lateral Corvature of the Spine” 1868,

4 Beitrige zur Osteologie des Gorille.,”  Morph. Jahr., vol. iv,
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these the limbs were of such a size that they could readily be introduced
into the spinal canal through the intervertebral foramina, and the extremi-
ties of the limbs were bent to the side at a right angle, in such a fashion
that they could readily grasp the upper and lower borders of the vertebral
body. It is indeed unfortunate, that in the articulation of skeletons of
anthropological interest the enstom of introdueing leather, or cement, or
other material to vepresent the cartilaginous dises, should be so prevalent.

Tudex of the Vertebral Bodies.—In comparing the results obtained by these
measurements, and in striking an average for each race and group ex-
amined, it is convenient to construct an index for the separate vertebrz,
and also for the sum of the vertebral measurements in a given individual.
In caleulating such an index I have adopted the anterior vertical diameter
of the vertebral body as the standard. The index for an individual
vertebra can be determined as follows :—

Posterior vertical diameter x 100.
Anterior vertical diameter.
Then the combined index, expressive of the condition of the group of

vertebrae in a particular individual, may be obtained thus:—

Sum of posterior measurements x 100,

Sum of the anterior measurements.

The result arrived at by this latter caleulation may be termed the lumbo-
verfebral index.

From the above it must be clear that a vertebra with an index of 100
may be considered to be neutral; it is equally deep in front and behind,
and can in no way contribute to the formation of a curve. A vertebra, on
the other hand, with an index of 100 +, is moulded in a manner unfavour-
able to the formation of a curve with the convexity looking forwards ; it is
deeper behind than in front : whilst a vertebra with an index of 100 — has
its body adapted to the lumbar curve; it is deeper in front than behind.
The same holds good for the average of the indices of the five lower
true vertebrae, which is expressed by the term of lumbo-vertebral index.
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Results devived from the Measurements,—The following Table will show
the general results of the measurements. In the gorilla, chimpanzee,
and orang, which have four lumbar vertebrse, and the lower apes, which
have six or seven lumbar vertebree, the five lower true vertebrs have
been considered comparable with the five lumbar vertebrae of man :—

TasLE A.

MAN. AFPES.
: i —
£ l ] B o £ | 2
3.3l 84 gl 8 - S (A e e ) )
- ER|leed|=sH|BE|S 5 w 2 | = 'ETn + m|le BE|la Blee B|m 28| =8
Il v e = O M Ml e M - it 1 e Gl
5 <| & al = = = & s| & & =| & &
o | 1126 | 1186 | 116°5 | 125-3 | 1187 | 1azs | 1177 | 1097 | 1038 | 1081

[ﬂ' 104°1 IIE'B]!I-':PI 115

Five

.._.
=i
=
=
=
&
=
=
&
-

b| 101-4 | 1130 | 109-9 | 1134 | 1002 | 111-3 [ 1117
Lower trus | 972 | 1136 i 110-1 | 10409 | 108-1 | 1059 | 110-3 | 116-4 | 110-7 | 107-5 | 1060 | 1030 | 1038
Vertehn, o 035 | 1050 | 109-5 | 100:8 | 1026 | 1051 | 1063 | 1161 | 111-0 | 1064 | 1073 | 103-2 | 108-3

el 816G | 904 | 934 053 014 | 92-0 || 101-9 | 115-8 | 1035 | 104-1 | 528 | 962 | D04

il | | | | |
Tmuibucisbienl Y| r.5 | To7ea | 1072 | 1066 | 1048 I i L R LA B e e

|
12006 | 1078 mu'm:
1

The difference between the European lumbo-vertebral index and the
corresponding indices of the lower races is very remarkable. In the
former it is 95-8, indieating, therefore, a condition of the vertebral bodies
favourable to the formation of a curve in a forward direction. In the
lower races the lowest lumbo-vertebral index is that of the Andamans,
viz. 1048. In these races, therefore, the lumbar vertebrze, as a group,
show no adaptation in form to the characteristic curve in this region, but
are moulded upon an opposite plan.

A comparison of the indices of the individual vertebrae is no less strik-
ing. In the European the first lambar vertebra is the only member of the
group with an index (106:1), which shows a decided preponderance of the
posterior vertical diameter over the anterior vertical diameter ; the second
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vertebra exhibits a tendeney in the same divection, but to all intents and
purposes it is neutral. The lower three vertehrse have all indices well
below the standard, and ave therefore adapted to the lumbar eurve.

Very different iz the eondition of the separate vertebrm in the low
aces.  In these the only luombar vertebra, with a centrnm possessing an
index below the standard, and thus fashioned in a manner favourable to
the lumbar enrve, is the last member of the series. The upper four show a
reverse condition. Whilst this is the case, however, it will he observed
that, with the exception of the Tasmanians and Australians, the indices of
the lumbar vertebrae diminish regularly from above downwards.

But the Table brings out the relation which the anthropoid apes bear to
man in this respect. Between these and the Europeans there is a wide
gap. On the other hand, it will he noticed, that in so far as the general
lumbo-vertebral index is concerned, there is virtually no distinetion be-
tween the gorilla and gibbon with their indices of 1081 and 107-1, and the
Aunstralians and Tasmanians, with indices of 1078 and 107-2. In the
chimpanzee and orang the lumbo-vertebral index is very considerably
higher. It is interesting to note this difference between the chimpanzee
and gorilla—it is a point of some significance in the determination of the
curve in the latter.

In another particular the Australians and the Tasmanians show a
resemblance to the anthropoid apes. In these the indices of the second and
third lumbar vertebree are very similar, whilst, as we have noted, the
indices of the other races diminish regularly from above downwards.

The index of the last lumbar vertebra in the anthropoid ape is widely
divergent from that in all the human races, and this must be regarded as a
matter of primary importance. In all the anthropoid apes it is well above
the standard ; in man, the wedge-shaped appearance of the hody of the
last lumbar vertebra is a matter of everyday knowledge. It is interesting
to note that this essential character is not nearly so strongly marked in the
low races as in the Furopean.

As this point became developed, in the course of my work, I believed
that I had arrived at a feature which might be considered to be a distinetly
human characteristic—one which was not shared by any other member of



Dr. Cuoxsineaas—On e Lumbar Chrve. 7

the order Primates. An examination of the lumbar region of certain of the
lower apes proved that in this I was mistaken. In the Baboon, the Macaque,
Semnopithecus, and in Colobus the last lumbar vertebra possesses an in-
dex (as will be seen in the Table) in every respect comparable with that
of the lower races, although it is not so low as that of the European.
Aeby! had previously noted this point in Papio sphinx, and in Macacus
nemestrinus, and he aseribes it to the right cause. It has little or nothing
to do with the lumbar curve, but is produced by the marked dorsal
tilting of the pelvis in these animals. The marked discrepancy between
the anterior and posterior vertical diameters of this vertebra is, therefore,
chiefly due to a sloping of the inferior surface. In Plates 1v. and vr, in
which arve represented reduced tracings of mesial sections of the frozen
Macacus rhesus and Cynocephalus anubis, this condition will be observed.
The oblique position of the pelvis is very evident.

The corresponding condition of the last lumbar vertebra in man is due
to the same cause, viz. the great backward sweep of the sacrum; and the
fact that in the low races this character is not so prominent might almost
lead us to infer that the pelvie inclination is not so marked as in the
European. This is a point, however, which could only be determined by
the examination of fresh spines, because deficiencies in the body of the last
lumbar vertebra may be compensated for by an inereased anterior depth of
the lumbo-sacral cartilaginous disc.

The relationships which have been stated above can be more easily
compared, and more fully appreciated, by referring to Plate 1., Chart A, in
which the conditions of the vertebral bodies are expressed diagrammatically.
The column of figures on each side are the indices; the five main vertical
subdivisions arve allotted, from left to right, to the five lower true vertebree,
whilst in the sixth is given the average lumbo-vertebral index. Each of
these compartments is further subdivided into colummns corresponding to
the number of animals under examination. A strong horizontal line at the
level of the standard index (100) divides the chart into an upper and lower
portion, and therefore a single glance is sufficient for the recognition of the

Ut Beitriige zur Osteologie des Gonlle”  Morph. Jahr. vel. iv.
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manner in which the vertebral bodies are moulded with reference to the
lumbar ewrve. To avoid complexity, only four races of man, and three
anthropoid apes, are introduced into this chart. The dotted lines repre-
sent the apes; the solid lines refer to man.

The striking manner in which the European stands apart in this respect
from his lower brethren, and also from the anthropoid apes, is rendered very
evident by this chart. Only two of the European vertebrz are above the
standard line, whilst the fourth vertebra occupies a place in the lower
portion of the chart almost as low as the last lumbar vertebra of the
Australian and Andaman.  On the other hand, it will be observed, that the
orang and chimpanzee lines stand aloof from the Australian and Andaman,
but in an opposite direction. The gorilla line interseets, and is closely
associated with, those of the low races. The sudden descent of the latter
below the standard constitutes the distinguishing character—the fourth
lumbar vertebra of the Australian and Andaman occupying a level very
similar to that of the last lumbar vertebra of the gorilla.

SFECIAL POINTS IN CONNEXION WITH EACH RACE.

Europeans.—The foregoing averages were obtained from the measure-
ments of seventy-six European spines, viz. forty-three Irish, twenty-six
French, three English, and four German. The detailed indices, resulting
from each measurement, are given in the subjoined Tables.
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ﬂ.
i
Tasre E.
INDICES OF LUMBAR VERTEBR.E IN FOUR GEEMAN SPINES.
— | I
3 Maves. | 1 Femavre. 4 Spixes, | |
i | |
Braune. Achy.} E‘T‘:E::B Result. Broune. || Both Sexcs. .
|
I. Lumbar Vertebra, Ge g 1039 1036 1076 1050 l 1000 5 1085 |
[ [
| II. Lumbar Vertobrs, il s 265 1036 074 | 1025 {1019 | 1023
TI1. Lumbar Vertobra, S - 853 a5 a8-2 | a8 | az3 | 934
I¥. Lumbar Vertebra, . ; . 934 932 e | 926 | 80-3 | 805
V. Lumbar Vertehra, = : 5 677 833 800 o I 814 el |
Lumbo-vertebral Index, . . . #0-3 054 064 II 937 | 010 a30

1 It is hardly right to include this spine with those of the Germans, as in all probability it was taken from a
Bwiss subject.

The measarements of the Irish spines were made upon fresh spines '
obtained in the Practical Anatomy Rooms of Trinity College, Dublin. In
each case a mesial section was made by means of a saw. The vertical
depth of the bodies of the vertebrs in front and behind could then be
measured with the greatest accuracy.

The French vertebrse were measured in the dry macerated condition,
and chiefly from spines which had been prepared by M. Tramond of !
Paris. Care was taken to eliminate all those which bore signs of disease,
or which were composed of vertebrae which were suspected to have been
derived from different individuals.

The measurements of the English spines were obtained in the Ana-
tomical Museum of the Cambridge Museum, and they include the two
spines from which Professor Humphry determined the vertebral curves
after the manner of the brothers Weber. One of these spines is figured
in his admirable work on the Human Skeleton.

[#¥]
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The sources from which I derived the results relating to the German
spines are indicated in Table E. In the two large Plates by Braune,
representing mesial sections of a male and female, the vertebral bodies
were carefully measured. As these drawings were built up from tracings
taken from the frozen subject, there is every reason to believe that they
are thoroughly reliable, even in such small details as those which affect the
anterior and posterior vertical depth of the vertebral bodies. In another
case the lumbar vertebrse, in the large plate which accompanies the elassical
work of the brothers Weber,' were measured, whilst the indices of the
fourth were caleulated from measurements given by the late Professor
Acby, in his Paper upon the ¢ Osteology of the Gorilla."*

By the following analysis the individual peculiarities of the lumbar
vertebrze in this large number of specimens may be the more easily
appreciated :—

TasLE F.
SEVENTY-BIX EUROPEAN SPINES.
Anterior depth of Anterior depth Pasterior depth of
Centrum greator than equal to Centrum greater than
posterior depth. posterior depth. anterior depth.
I. Lumbar Vertobra, . ] [ 66
II. Lumbar Vertebra, - 21 17 38
III. Lumbar Vertebra, : 48 11 17
I¥. Lumbar Vertebra, : 57 7 12
Y. Lumbar Vartehra, e 76 — —

But it may be asked, Do any of the European spines show indices
which can be compared with the indices of the low races? In only six
instances have I met with a European spine with a lumbo-vertebral index
above the standard, viz. two Irish and four French—the highest being that
of an Irish male, with a lumbo-vertebral index of 107-7. It is further
interesting to note that, all through, the French indices are higher than the
Irish.

! Anten, p. 3. * Anfea, p. 3.
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At this stage it would be well to take note of the observations which
have been made in this field by other investigators. In every case the
measurements have been confined to Europeans, and the number of indi-
viduals examined has been very small. The brothers Weber,' who may be
said to be the first anatomists to give accurate information upon the normal
curves of the human spine, measured the centra of one vertebral column,
and from the indices of the lumbar vertebrse of this spine, which are given
in Table E, it will be seen that the results which they obtained are very
similar to those given in the foregoing Tables. According to Horner?
there is no regularity in the vertebral columm in this respect, except in the
case of the lower lumbar vertebree. ¢ Whilst everywhere,” he says, ¢ there
is seen a slightly different height, sometimes in front, and at other times
behind, there happens here a constant stronger height in front—a smaller
behind ;" and he goes on to remark, * that on the average all the loin
vertebrz contribute to the curve. Of a surety, therefore, this curve is the
most permanent, and the most pronounced.” This statement he supports
by giving the measurements of the five lumbar centra in five individuals,
and his results, in so far as the excess of the anterior depth of the vertebral
bodies over the posterior depth is eoncerned, are somewhat in advance of
mine. The average index calculated from his figures is :—

I. Lumbar vertebra, . : ; . 985
II. Lumbar vertebra, . £ . . 974
ITI. Lumbar vertebra, . : ; . 938
IV. Lumbar vertebra, . . - . 889
V. Lumbar vertebra, . : ; . 813
Lumbo-vertebral Index, . . 919

The index of the first lumbar vertebra in these measurements is
peculiar, in so far as it is below the standard. In only five out of the
seventy-six spines [ examined did I find this to be the case

Niihn® arrived at somewhat different results. He divided the vertebral

¥ dntea, p. 3. * dnfea, p. 3. * dntea, p. 8.
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columns of several well-built male subjects in their whole length, and then
measured upon the surface of the section the fore and hinder surfaces of all
the vertebral bodies, and he concludes, ‘ that the bodies of the lumbar
vertebrae can have no share in the production of the lumbar eurve,” as the
upper four are deeper behind than in front. He only gives the detailed
measurements of one specimen, and from his figures I have ealeulated the
following indices :—

I. Lumbar vertebra, . : : . 1084
II. Lumbar vertebra, . ; : . 1000
III. Lumbar vertebra, . ; : . 9940
1V. Lumbar vertebra, . : : . 1043
V. Lumbar vertebra, . : : . Ti:0
Lumbo-vertebral Index, . . 965

Whilst, therefore, the general lumbo-vertebral index is very similar to that
indicated in Table B., p. 9, yet the index of the fourth lumbar vertebra is
exceptionally high. In only one case out of the seventy-six spines that I
examined is the index of this vertebra above 104.

Hirschield,' also, by measurements of the vertebral bodies, denies thatin
any region these contribute to the production of the curves, and in this he
is supported by H. Meyer,” who found no difference whatever in the healthy
vertebral column between the fore and hind surfaces of the vertebral
bodies, with the exception of the last lumbar and the first sacral vertebrz ;
and the form of these, he asserts, is determined by the inclination of
the sacrum. Barwell gives expression to similar views.

In three different publications the late Professor Aeby of Bern refers
to this point, viz. in his text-book, entitled, * Der Bau des menschlichen
Korpers;” in his Paper upon the ¢ Osteology of the Gorilla,” which has
already been quoted;® and in his elaborate memoir upon ‘ Die Alters-
vershiedenheiten der menschlichen Wirbelsaiile.”* In the last article he

U dntea, p. 8. # dnten, p. 3. > Andea, p. 3.
+ ¢ Archiv fiir Anatomic und Entwicklungsgeschichte,” His und Broune (1879).
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gives the results he obtained from the measurements of eight spines,
classified in a Table constructed on a similar plan to Table F, p. 12.
I take the liberty of subjoining this Table for the purposes of com-

parison :—
EIGHT SPINES MEASURED BY PROFESSOR AERY.

Anterior depth Anterior depth Anterior depth
greater than equal to liss than

poaterior depth. | poaterior depth. posterior depth.
I. Lumbar Vertehra, . 1 3 4
II. Lumbar Veortobra, : 1 [ 1
III. Lumbar Vertebra, 5 4 3 1
IV. Lumbar Vertebra, - 7 1 —
¥. Lumbar Vertebra, . 8 - -

His results, therefore, are virtually the same as mine.

Lower Races of Man.—Five of the lower races of man are represented in
Table A, p. 5, which I have given to show the general results. In all,
fifty-six separate spines were examined, viz. of twenty-three Andamans,
seventeen Australians, ten Negroes, three Tasmanians, and three Bushmen.
And, in recording the separate indices of these, I must give expression to
my sense of the deep obligations under which I lie to Dr. J. G. Garson,
Sub-Curator of the Royal College of Surgeons Museum, London ; to Pro-
fessor Macalister of Cambridge; to Mr. More, Curator of the Natural
History Department of the Science and Art Museum in Dublin; and to
Professor Struthers of Aberdeen. Without their kind aid this part of my
investigation could not have been carried out, because in the Museum of
Trinity College, Dublin, the number of spines of low races is very
limited, and I had necessarily to ask the permission of these gentlemen to
examine the specimens under their charge. This was accorded to me in
the freest manner possible. More especially, however, 1 feel indebted
to Dr. Garson and Professor Macalister, both of whom gave me very
material help in making the measurements, and from whom I received
many suggestions, which have proved of the utmost value to me.




Tapre G.

INDICES OF LUMBAR VERTEBLRAE IN SEVENTEEN AUSTRALIAN SPINES.

10 Mazes. Average. |
1. Lumbar Vertebra, . | 1136 llﬂ'ﬂ-i 106-8 | 128-7 | 110-8 | 136-1 | 130-2 | 153-3 | 1260 | 128:2 125-1
II. Lumbar Yertelra, . | 1200 | 111-3 | 111-3 | 116°3 | 112-7 | 1256:6 | 115-2 | 132-3 | 113+3 | 108:7 116-6
ITT. Lumbar Vertebra, . | 114:3 | 1087 | 123-8 | 104-3 | 102-0 | 122:7 | 120-4 | 1387 | 1220 | 1087 116-5
IV. Lumbar Vertelra, . | 956 | 980 | 102-0 [ 102-1 | 53-8 | 100°3 | 106-3 | 1363 | 1044 | 970 104-4
i V. Lumbar Vortebm, . BGG | 91-5| 956| T1-7| B1:6| #7-6|100:0 | 103-1| BB-B| 840 90-0
EE) S s S — ! —
Lumbo-vertebral Index, | 1056-4 | 1052 | 1075 | 1040 | 100-0 | 1176 114"21 132-5 | 100-6 | 104-3 1101
Average.
4 FEMALES. Avarage, ‘I g 17.
BEX UNKNOWN. Both Soxes.
I. Lumbar Vertebra, 107-00 [ 1020 | 1250 | 111-9 I 1114 1006 | 1087 | — 119-8
II. Lumbar Vertebra, 1066 | 982 | 104-3 | 107-3 1041 113-9 [ 1130 | 111-6 1130
III. Lumbar Vertebra, 1000 D087 | 10490 | 117-5 1082 113-6 | 108-7 | LOG-3 1136
IV, Laumbar Vertobra, 78| 806 1045 | 110-0 14 107-1 | 1080 | — 1039
Y. Lumbar Vertehra, 5‘1'3' M{I‘I 87-5 | 102-3 21 B7-0| 12| — 80-4
l | | |
i Lumbo-vertebral Tndex, 100-8 | 96-7 | 105-4 | 109-7 | 1031 1064 | 10G0 | — [l 1078 I
Tasie H.
INDICES OF LUMBAR VERTEBRE IN THREE TASMANIAN SPINES.
i F S
2 Mares. Average. 1 FeuaLe. 2
Both Scexes.
I. Lumbar Vertebra, 1116 124-4 1180 109-5 1161
II. Lumbar Vertebra, 111-3 1113 111-3 1071 109-9
1Il. Lumbar Yertebra, 1087 1146 116 1071 1101
| 1V. Lumbar Vertebra, 1088 112:2 1105 107-3 1095
| V. Lumbar Vertebra, G1-2 431 g9z-1 930 924
R —_— : .
i Lumbosvertebmal Index, i 1062 1109 1085 e 1072
]




Tapre I

INDICES OF LUMEBAR YERTEERZE IN TWERTY-THREE ANDAMAN SPINES.

i 14 Mares. Average. | ll

7 | | | | I | | T
I. Lumbar Vertebra, | 10T-5 )RRG5 116-3 | 10678 | 116°2 [ 123-7 | 117-3 | 111-1 [ 1136 | llﬁ'ﬂl 1136 1133 117-2 | 109-0 114-4
I1. Lumbar Vertebm, | 1071 . 1136 1136 | 1070 [ 1068 | 144-1 | 100-2 | 113-3 | 1069 | 1006 | 106-3 1181 1172 | 1066 1135
III. Lumbar Yertehos, I II.E'RI 102-0 1136 | 102-2 !IZIE!'I'.I. 1289 108-3 | 1175 | 111-3 | 103-0 ) QO6<2  104-1 ' 117-0 | 1066 1109
|

IV. Lumbar Vertebra, i|,11_‘|.-|) D6 | 980 976 | 980 | 113-F 106-0 | 107-0 ) 1041 | 104-3 | 1020 | 104:3 1060 | 1063 1037

V. Lumbar Yertehea, | 970 | 804 ﬂt‘ﬁl B30 'J-Er:ii 895 'J-L'ﬂé 95:5 | 936 S?-.5| B8+2 | 104°6 ﬂz'ﬁi B0 a7
| | | |

1 1 1 |
Lumbe-vertebral Index, ' 1070 1018 | 1061 | 990 | 1050 1188 | 1060 1086 | 107-4 | 10566 : 1028 i 1058 1076 1030| 1062
i i | | |

| il Avomge.
o FEsaLzs. Average. || 23
I' Both Soxes,

| | [ T | |
I. Lumbar Vertabra, . | 1163 1166 | 1122 1068 | LWy 113-9 111-1 l 1116 ! 977 109-3 | 1126
II. Lumbar Vericbra, . | 104°3 116-3 100-0 LOE-8 1012 13141 | ILl:1 | 1142 100-0 1093 | 1118 |
|

| ||
IIT. Lumbar Vertebra, . 983 105-3 100-0 — B0 1087 1063 11é 259 1042 | 104-1 [

IV. Lumbar Vortebra, . | 98-0 | 1126 | o1-3 | 1022 | 980 | 959 ' weo | w02 | 979 | w0009 : 1026
V. Lumbar Vertebra, . | 820 | 91-5 | 851 | o6 | 870 | o33 | 1023 | 1000 | 940 | 916 | a4
| | ]
1 T e T [ e 1l ]
Lambo-vertebral Index, 980 11 973 i —_ HL 1043 10890 1079 470 l 102-4 | 1048
TasLe J.

INDICES OF LUMBAR VERTEBREX IN TEN NEGRO SPINES.

| !I Average. i
Average. I 3 FEMaLEs, Average. 10 |
| | I Both Sexes.

7 Mares.

P i [T e i 1 [ | | [

I. Lumbar Vertebra, . | 112:0 | 1165 ! 1119 | 1150 !1!.-'.-u! 11940 | 107-1 | 1140 | 10771 | Wos 1136 1104 | 1138

| | | | | | i

I1. Lumbar Vertebma, . | 120-0 | 1166 | 113-9 | 1061 | 1047 | 117-3 | 1000 | 102-F [ D050 | LRO-5 § 100-0 | 1086 | 1113
| fl

II1. Lumbar Vosteboa, . | 1089 | 1181 | 1166 | 106:0 | 014 | $4-2 | 100-2 | 1063 || 1070 | 1094 | 882 | 1048 | 105 9

| 1 |
IV. Lumbar Vertebra, . | 100-7 | 114-2 | 1070 | G50 | 1044 | 100-0 | 1000 104 |! 104-T7 | 1076 | 104-1 1088 105-1
V. Lumbar Vertebra, . | 931 | ‘.'IT'ﬂi Lid i ' 1000 | 977 | BaG| B 9441 || 54 | 100-0 | Gi-d 269 20
| |
— T I | |__.._._ =R }
Lumbo-vertebral Index, . 1 101]'G1 112-6 | 1090 | 1045 | 103-7 | 1020 | 1022 100 1066 | 101=3 [ 954 k34 106 4
| | | |

! Unuseally tall male skeleton (about 6 f2. 3 in), presented to the Author by Dr. F. Alesck Nixon, of the Ledwich Schoo] of Medicine,
Dublin.

ROTAL IRISH ACADEMY.—CUNNINGHAM MEMOIES, ¥o, 11, (3]
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Tasre K

INDICES OF LUMBAR VERTEBRAZE IN THREE BUSHMEN.

! I | Average.
1 MaLe. 2 Festavnms, 1 Average. 3
I | Bath Sexes.
I. Lumbar Vertelm, . : G 1080 I 1159 123-0 1194 115-8
IT. Lumbar Vertebm, . ; : 12000 110-8 1055 1101 1134
ITI. Lumbar Vertebra, . . . 1020 ' 1083 1186 113-9 108-9
IV. Lumbar YVertcbra, . E . 237 | 104-1 104-7 1044 100-8
V. Lumbar Vertebra, . - - 4 G8-0 97-7 978 953
e = i s
Lumba-vertebral Index, " 5 1021 | 107-2 1105 1048 1066
L]

The indices obtained in the case of the Andamans and Negroes exhibit
a striking similarity, and this is a point of considerable interest in the
light of the view which has recently been so ably advocated by Professor
Flower regarding the affinities which exist between these races. He looks
upon the Andaman as being the representative of a primitive undeveloped,
infantile type, from which both the African and Oeceanic Negro have
sprung.’

A similar correspondence between the Australian and Tasmanian in-
dices will be noted ; but as only three spines of the latter race were ex-
amined, we cannot lay much stress upon this similarity.

The condition of the separate vertebrsm, in the five low races under
consideration, can be most easily understood and compared with the con-
dition of the European vertebrae by arranging them in the following
tabular form:—

! Journal of the Anthropelogical Institute, 1879,
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Tasre L.
FIFTY-8IX SPINES OF THE LOWER RACES OF MAN.
Anterior depth Anterior depth Anterior depth
greater than equal to less than
posterior dopth. posterior depth. posterior depth.
I. Lumbar Vertcbra, : 1 1 54
II. Lumbar Vertebra, - 1 1 3 62
I1I. Lumbar Vertebra, £ 6 2 13
I¥. Lumbar Yertebra, o 17 | 2 37
V. Lumbar Vertebra, . 47 | 5 | i |

The wide difference between the results brought out by this Table,
and that constructed upon a similar plan for the Europeans (Table F,
p- 12), is very evident. More particularly does the condition of the last
lumbar vertebra attract our attention. In five cases (viz. in one Andaman,
one Australian, and three Negroes) it presents an equal depth in front and
behind, and in four cases (viz. in two Andamans and two Australians) its
posterior depth exceeds its anterior depth. In one instance, indeed, that
of a male Andaman, the index of this vertebra was 104-5. In the Eu-
ropean spines the highest index observed for the last lumbar vertebra
was 94:5, and this was in one of the few examples in which the general
lumbo-vertebral index was above the standard (104-1).

In only seven out of the fifty-six low-race spines which were measured
was the general lumbo-vertebral index below the standard. These in-
cluded five Andamans, one Australian, and one Negro; and it is signifi-
cant to note that, of these exceptions to the general rule, six were the
indices of females, and only one the index of a male. Moreover, the latter
was very slightly below the standard, viz. 99.

Anthropoid Apes,—The following are the detailed results which have
been obtained in the case of the four anthropoid, and also of several of

the lower apes:—
(3%]




TasLe M.—INDICES OF LUMBAR VERTEBRE IN THE GORILLA.

| i Average.
| 3 Maves. Average 3 Fexanes, | Average. | 5
| | | DBoth Sexes.
e e eme—
| XIII. Dorsal Vertelra, 131-8 1061 1038 1139 12500 110-7 1150 1169 |[ 1153
I. Lumbar Vertebra, 108-2 ’ 1064 104 1070 114-3 110-0 1260 1164 1117
II. Lumbar Vertebra, 107-2 110-3 1053 1076 114-0 1093 121:9 1150 111-3
| I11. Lumbar Vertebra, 101-7 104-8 1033 1032 10001 1166 1066 1073 108-3
| IV. Lumbar Vertebea, 07 | 11006 | 1033 | 1031 | fusedto | yo7.g | 920 | 990 | oo
| I £ i |
= RN S —t —_ i e — -
i Lumbe-vertebral Index, . 1077 | 1077 104-2 | 1065 — 110-0 111-0 1105 108-1
1
TapLe N.—INDICES OF LUMBAR VERTEBRE IN THE CHIMPANZEE.
— e [1] [ il
| 1 | Avomge.
3 Mares. Average. | & Fruaves. | Average. | Youne- | 9
% | Bex dmtbtl'ul.i Both Sexes,
XIII. Dorsal Yertehm, 1250 | 107-0 [ 125-7 1182 | L300 | 12000 | 110°8 | 1166 | — 124-3 1476 125-3
I. Lumbar Yertobra, . | 135:3 | 1136 | 112-56 120-4 1060 | 102:2 | 11589 | 119-2 | 122-2 1135 1250 1171
II. Lumbar Yertebra, . | 130-5 | 132-5 | 1116 124-8 104-3 | 1186 ) 1125 | 107-7 | 106-5 1049 124-0 116-4
III. Lumbar Vertebra, . | 12040 | 139-0 [ 111-% 1238 114-% | 102-3 | 10040 [ 119-2 | 1113 106 126-0 1161
1
IV. Lumbar Vertebm, . | 12540 | 125-6 [ 107-8 1194 1116 | 107-0 | 1200 | 113-4 | 1214 1146 1111 115-8
| | [
Lumbo-vertebral Index, . | 1271 | 1230 | 1135 1202 | 1142 | 1086 | 1119 1162 | — 112:7 1268 | 117-5
1 This vertebra was fused to sacrum, but could readily be measured.
TapLe O.—INDICES OF THE LUMBAR VERTEBRE IN THE ORANG.
I " Average.
3 Mavzs. Average. 1 FeuaLe. i 4
Both Sexes.
1 1
XIIL. Dworsal Vertebra, 109-3 111-1 1169 112:1 1186 1137
I. Lumbar Vertebra, 100-0 1294 112-0 1138 134-4 1189
I1. Lumbar Vertebm, 10240 15616 1063 1196 120-0 1187
IT1. Lumbar Vertebra, BG2 126-3 103-3 1062 132-1 1119
IV, Lumbar Vertebra, 964 105+0 927 G50 120-0 103-5
S — |
Lumbo-vertebral Index, 980 | 1234 1063 108-9 ] 1250 112-9
l i

! In these specimens there were five lumbar vortebrm.




TarLE P.

INDICES OF LUMBAR VERTEBRE OF THE GIBBON.

L1
= | 8 o< E Avorage.
= - = | = Loy
z = e 6
3 ) .: g E B
-.—:_ "":E, Lf -"'I "L" t‘i Both Sexes.
=+ = = = = =
I. Lumbar Verfebra, . 5 .| 1071 | 11673 1034 121:7 | 173 1125 112-8
|
IT. Lumbar Vertebra, . 5 .| 113-3 | 115-3 | 103-3 | 1074 I 108-0 | 105-8 108-8
III. Lumbar Vertebra, . . .| 1125 | 1071 | 1000 | 1115 | 115 | 1028 1075
1
IV. Lumbar Vertebra, . : A LR 107-4 104 1038 | 116-3 1o0-0 106-4
|
Y. Lumbar Vortebra, . . .| 1066 | 100-0 962 ! 96-0 | 1201 972 104°1
Lumbo-vertebral Index, . : .| 109-0 | 1050 | 1020 | 1078 : 161 | 1034 | 1071
| |

! Indices caleulated from measurements given by Professor Aeby in his © Boitrige zur Osteologie des Gorilla,
Morph. Jabr., vel. iv.

TapLe Q).

INDICES IN LUMBAR VERTEERE IN S0ME OF THE LOWER APES.

] ' 1 ]
: s | AL [ & ;i
4. —5%|§ 2| 3 ik
= e | 2.5 | o =l o B = 2
&a £ | 2 |53 | 8% 5T - = o
23 | 38 | 8% |36 | 860 | 88 |29 | &%
B llells s |3t far o) 2
! | — |
a |I 1030 128-9 1066 1176 1081 | 1035 | 1038 | 1166 108-1
<] | 100-0 130-7 110-6 115 1024 i 1140°7 1038 | 116-3 1127
Lower five l |
¢ | 100-0 1160 100-0 L0 102-2 | 1068 | 1038 | 116-3 1132
truo Vertebre, i | | |
o A5+0 1085 106-1 1000 1023 | 1074 | 108-3 116-3 1024
3 7 807 Q60 B3 1027 | 1040 | 904 10 892
Lumbo-vertebral Index, I Q51 ( 1134 1037 101-9 | 104 | 106-9 l 102-4 | 112+56 | 1051

! Indices calenlated from measurements given by Professor Acby in his * Beitrige zur Osteologie des Gorilla."
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The condition of the last lnmbar vertebra in the anthropoid apes natur-
ally attracts our attention first. The low index of this vertebra in man has
been seen to be a point of primary importance. Is the high average index
of the corresponding vertebra of the Anthropoid borne out by the indices
of the different individuals ? In the chimpanzee it is; in every case the
index of this vertebra is above the standard: but in two gorillas, two
orangs, and three gibbons it is distinctly below the standard, and there-
fore approaches the human type. In this respect, therefore, a hard and
fast line eammot be drawn between the lower races of man and the anthro-
poid: a certain amount of overlapping in each case takes place.

A study of the separate indices of the individual anthropoids reveals a
striking want of uniformity in the condition of the vertebrze, Whilst the
average indices exhibit a regular decrease from above downwards, no such
principle can be deduced from the examination of the indices of each
individual. This is, in a marked degree, diffevent from the separate
indices of the European, and to a less extent, also, it is different from the
separate indices of the lower races of man.

Sezual Differenves—It would appear from the observations of Luschka,
Balandin, Charpy, and Ravenel, that the lumbar curve is more marked in
the human female than in the male. In the second volume of his well-
known treatise upon “ Human Anatomy,” Luschka states that ‘““in the
female sex the lumbar column is not only somewhat higher than in the
male, but it is also more strongly bent;” and he further remarks that
a strong loin-excavation on the posterior aspect of the trunk is a mark of
a well-formed female body. He omits, however, to mention by what
means he arrived at these conclusions. Balandin,' in his investiga-
tions into the physiological curves of the human spine, found in his pre-
parations ‘ that the male vertebral columns show a smaller degree of
curvature, but a greater stability, than the female.” He examined a very

! 4 Beitriige iiber dic Entstehung der physiologischen Eriimmung der Wirbelsaiile beim
Mengchen,” wvon Dr. J. Balandin in 8t Petersburg,  Virchow's Archiv fiir. Path. Anat. und
Phys. 1873
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large number of specimens, but his methods were of such a kind that
absolute aceuracy could not be expected. He removed from the body that
section of the eolumn which is composed of all the true vertebrz, and,
leaving the thoracic walls attached, he stripped the specimen of all the
soft parts, with the exception of the ligaments. The spine, thus prepared,
was then placed on its side upon a table, and the curves determined by
means of the profile view. The stability of the column was estimated by
the resistance it offered to stretching when grasped by the hands at either
end. Dr. Adrien Charpy' of Lyons has recently gone more fully into
the question. He points out that the degree of lumbar curve is, as a
rule, in accordance with the inclination of the sacrum, and that in the two
sexes, at a corresponding age, the sacro-vertebral angle is slightly more
acute in the female than in the male (viz. 110° in the male, and 107° in
the female)}—* This same difference is also found in new-born children,
which proves that it is a congenital condition, transmissible by heredity.”
He has further directly estimated the amount of lumbar curve in twenty-
five young well-formed subjects by moulding a strip of lead upon the an-
terior face of the column. The average results gave a superior curvature
to the female.

Ravenel* has approached the question from a different standpoint.
By measurements of the anterior and posierior surfaces of the column
formed by the vertebral bodies and the intervening cartilaginous dises
in eleven males and an equal number of females, he has arrived at
the following conclusions :—(1) That the anterior face of the lumbar
segment is in a small degree relatively longer in the female than in
the male; and (2) that the posterior surface of the same segment is
relatively very considerably shorter in the female than in the male.
Taking the fore surface of this section of the column as equal to 100
in both sexes, he estimates that the posterior surface in the male is
86-6; whilst in the female it is only 69-6. 1f this startling difference

!4 De la Courbure Lombaire et de linclinaisen du bassin, Journal de I'Anatemie ot de la
I'hysiclogie.” (Robin et Pouchet.) Taris, 1885, No. 4.

# 4 Die Mossverhiiltnisse der Wirbelsaiile und des Rickenmarkes beim  Menschen,” von
Michel Ravenel,  Zeitschrift fiir Anatomic und Entwicklungsgeschichte, 1877,
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ean be substantiated, it will undoubtedly constitute, as Ravenel claims,
“ein spezifischer Gesehlechtsunterschied.” He inecludes the intervertebral
dise between the last lumbar vertebra and the sacrum in his measurements.
This is strongly influenced in its shape by the inclination of the pelvis,
and according to Charpy the sacro-vertebral angle is, as a rule, more
acute in the female than in the male. Differences resulting from this,
however, would be of small moment. Much more likely were inae-
curacies and fallacies to creep in from the methods which he adopted in
manipulating the vertebral column previous to and during the measure-
ments, He took no precaution towards the fixing of the vertebral bodies
in their mutual relationships, but straightway exposed the two faces of
the column by the removal of the neural arches and spinal cord from
its posterior aspect, and the viscera from its anterior aspect. Hirschfeld®
rightly insistzs upon the influence which the powerful elastie ligaments
connecting the neural arches exert upon the maintenance of the curves;
and everyone who has tried the experiment knows that, when these are
removed, the curves of the column diminish in degree, whilst the flexi-
bility increases ; indeed, it can now be bent with facility in every direc-
tion. But further, in making his measurements upon the spines thus
mutilated, Ravenel found it necessary to support the curves by means
of props.

The results which I have arrived at from measurements of the entire
length of the lumbar region in the two sexes does not agree with those
obtained by Ravenel. It is right to bear in mind, however, that although
I claim a greater exactitude of method, the number of individuals I have
examined is small in comparison with his. I have frozen the spines of five
well-formed males, and four well-formed females, and then divided them
in the mesial plane by means of a saw. While still in the frozen condition,
with each element immovably fixed in proper position, I have taken careful
tracings of the ent surface. In a reduced form these are figured in Plate 11.
(Nos. 1, 3, 4, 5, 6, males, and Nos. 1, 2, 3, 4, females) To this series 1

!4 Wouvel apercu su= les conditions anateminues des courbures de la colonne vertébrale chez
I'homme.”  Par M. L. Hirschichl. Gaz. &L de Paris. 1849,
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have added tracings of Braune’s well-known plates of the male and female
in mesial section [Nos. 2 (male) and 5 (female)], and of the male spine
figured by the Brothers Weber.! The accuracy of the last is sufficiently
attested by the fact that Parow,” in seeking a means of determining the
curves in the living individual, chose it as one of his standards.

Upon the tracings thus obtained, the anterior and posterior face of the
lumbar region in each case could be measured with the greatest accuracy.
In the first instance [ adopted Ravenel's delimitation of the lumbar section,
and measured each face from the level of the upper surface of the first
lumbar vertebra to the level of the upper surface of the sacrum. In other
words the lumbo-sacral intervertebral disc was included in the region.
In comparing the results obtained in the two sexes I was surprised to
find no essential difference. Taking the fore surface as the standard, and
equal to 100, the following were the indices :—

Five females, : : . . . 8598

Seven males, ; . . ; . 846

These indices stand in striking contrast to those given by Ravenel.

I next eliminated the lumbo-sacral intervertebral dize, and measured
both aspeets of the column from the level of the upper surface of the
first lumbar vertebra to the level of the lower surface of the last lumbar
vertebra. This gave slightly different results, and showed in the female a
greater length of the anterior face, in proportion to the posterior face; in
short, it indicated a stronger curve in the female. The average indices
were :—

Five females, ; : . : . 881

Seven males, - : . : . 891

The results obtained from the two sets of measwrements, therefore,
turned out to be the very reverse of what I had anticipated, and

L dAnlea, P- 3.
* 4 The Physical Conditions of the Upright Pogition and Corvatures of the Spine  Virchow's
Archiv. FBand xxxi., p. 108,
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to reconcile the diserepaney it was necessary to determine the sacro-
vertebral angle in each case. This can be done in a variety of ways, but
the most convenient, and it seems to me the most accurate method,
is to prolong the lines joining the central points of the upper and lower

Fig. 1.

surfaces of the last lumbar and first sacral vertebrae 1‘es1}et_-,tive1_\,f (in other
words, to prolong the axis-line of each of these vertebrs)., These lines
intersect in the lumbo-sacral dise of eartilage; and in the twelve spines
figured in Plate 1., the average angle for the males was 133° 6, and for
the females 137°40. The lumbo-sacral angle, therefore, is more acute,
and the promontory more marked in the males than in the females ; and
this accounts for the lower index which was obtained for the males when
the lumbo-sacral disc of cartilage was included in the measurements. The
following Table gives the detailed results in the case of each spine :—
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But there is another and more simple method by which the degree
of lumbar curvature in the tracings of the different spines may be com-
pared, viz. by drawing a straight line from the anterior border of the
lower surface of the last lumbar vertebra to the anterior border of the
upper surface of the first lumbar vertebra. By the eye we can readily
judge the amount of projection which takes place in front of that line in
the different tracings (Plate 11.), but for accurate comparison it is well to
formulate an index. This can readily be done by taking the length of the
lumbar region (measured from the centre of the upper surface of the first
lumbar vertebra to the eentre of the lower surface of the fifth lumbar
vertebra) as the standard, and equivalent to 100, and then comparing
it with the distance between the intersecting line and the point of greatest
prominence. The most projecting point will generally be found to be the
anterior horder of the upper surface of the fourth lumbar vertebra in the
male, and the anterior border of the lower surface of the third lumbar
vertebra in the female. The index may be caleulated thus : —

Distance of most prominent point in front of intersecting line x 100
Length of lumbar column. i %)

A high index will, therefore, indicate a strongly pronounced curve, and a
low index a feeble degree of curvature; it may be termed the indez of the
lembar curve.,

In Table R, p. 27, the cuwrve indices for each spine, figured in Plate 1.,
is given, and the average curve indez for the two sexes will be seen to be :—

Seven males, . : : : : . 88

Five females, . ; : ; : . D5

In every respect these data bear out the results obtained by measure-
ment of the two faces of the lumbar eolumn after excluding the lumbo-
sacral intervertebral dise.

The evidence, therefore, which is obtained by an examination of the
lumbar part of the vertebral column, as a whole, is entirvely in favour of
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the view that the curvature is more pronounced in the female than
in the male; and we may now turn to the individual vertebrze and
see what information, bearing upon this point, may be gathered from an
examination of their centra in the two sexes. As will be seen from the
following Table, the results obtained are of a very important character :—

TasLE S.
Imian. Awpasaxs. | Nmomoms. | Avstmatiaws.| Tassawrass. Busmues. |
2 | 2 [} o | 7| s {0 i S ERE 1 | o2
g \Paduelf s e L xl el s li2] 5]¢
I. Lumbar Vertchra, . |106°9 | 1026 1144 | 1006 | 114°9 | 1104 1251 l 1114 Ilﬂ-'l'.l! 109-5 ]ﬂg-u! 119-4
[ [ | [ | |
II. Lumbar Vertebm, . I 102-0 | 981 (1136|1073 | 112-6 | 108-5 | 1186 | 104°1 || 111:3 | 107-1 | 120-0 | 110-1 !
| | |
ITI. Lumbar Vertebra, . | 977 950 1100 104-2 I.[lll‘r':!l 104-8 ]]ﬁ'ﬁl' 108-2 | 1116 | 107-1 | 102-0 | 1139 |
[ [
IV. Lumbar Vertebra, . | 95-0 918 | 1087 [ 100-% | 103-4 | 1088 | 1044 | 1004 || 110°5 [ 107-5 | 93-7 | 44
| 1
V. Lumbar Yertebra, .| 824 | 812 | 907 | 93-6 | 94-1| E6-9 60-0| 921 921 l 930 | $0-4| 978
: e, - il | ’ I
| | [ | 7 |
Lumbo-vertebral Index, . | 962 935 (106°3 | 1024 | 106-0 | 103-4 | 110-1 | 103-1 || 108-5 | 1o4-7 | 102-1 | 108-8
| | | | |

Of the forty-three Irish spines examined, twenty-one were males, and
twenty-two females. The lumbo-vertebral index of the latter is distinetly
lower than that of the former, viz.:—

Females, : ; : ; : . 935
T I A LT -

The vertebral bodies of the female are thus moulded more in adapta-
tion to the curve than those of the male; and here again, therefore, we
have corroborative proof as to the superiority of the female lumbar curve.
Aeby' was unable to find any difference in this respect between the sexes,
but it is evident that his observations were on too limited a seale. It will

! * Der Bau des menschlichen Korpers,"
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be further noticed in Table 8, that in the Irish female the only lumbar
vertebra with an average index above the standard is the first member of
the series.

But this sex distinction is not limited to the European; the same dif-
ference between the lumbo-vertebral indices of the male and female is to be
noted in every race examined, with the exception of the Bushmen, and of
these only three spines were measured. Charts C and D (Plate 1.) will
render these several differences more apparent. In chart C all the races
(with the exception of the Bushmen) are included ; the females are indicated
by dotted lines, and the males by solid lines, In chart D the Tasmanians
and Negroes are omitted in order to simplify the diagram. Exceptin the
column which is allotted to the last lumbar vertebra, the female lines will
all be noticed to occupy a lower level than the corresponding male lines.
The European lines proceed together, apart from the others, and through-
out they occupy the lowest place on the chart.

In the anthropoid apes we see no such sex distinction, except, perhaps, in
the chimpanzee ; and in view of the great irregularity exhibited by the
lumbo-vertebral index in the individual members of this group, we cannot
attach any importance to this discrepancy between the sexes:—

Tasre T.
| | GRILLA. | CHIMPFANZEE. ! ORANG.
b I (Wl [T PR SR

a 113-3 1169 119-2 124-3 1121 118-6

[ 107-0 1164 120-4 1134 1138 1344

Lower five |
¢ 1076 1160 124°8 10949 1196 120-0

{rue Vertehore. |
o 103-2 107-3 1236 1046 1052 1321

| 103-1 29-5 || 1194 1146 980 120-0

Lumbg-vertebral Index, . | 106-3 110-5 121-2 1127 1089 1250
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In the case of the gorilla and orang the lumbo-vertebral index exhibits
an opposite condition, but the number of individuals examined has been too
small to justify us in formulating any law upon this point.

Dr. Charpy in his Paper upon the lumbar curve, to which we have
already had occasion more than once to refer, discusses the influences at
work in producing a more prominent curve in the human female than in
the male; and the views which he advances are very reasonable. He
says :—

“81 la courbure lombaire est normalement, originellement plus forie
chez la femme, i plus forte raison cette différence va-t-elle en s'aceentuant,
dans le cowrs de la vie, sous l'influence de circonstances en quelque
sorte aggravantes et spéeiales au sexe féminin.  En premitre ligne se place
la grossesse, qui oblige la colonne dorsale 4 se reporter en arritre et
impose aux muscles lombaires extenseurs et incurvateurs un effort propor-
tionnel au poids surajouté du coté de la flexion. Et ce n'est pas seulement
pendant quelques mois que cet effet se manifeste; souvent toute la vie
persiste un affaiblissement de la paroi abdominale qui laisse prédominer les
muscles redresseurs antagonistes. Il est naturel de croire que c'est atti-
tude de la grossesse, qui, poursuivie dans une série incalculable de géné-
rations a fini par créer un type héréditaire et originel, indiqué vaguement
dis le premier fige, nettement accusé i la puberté et recevant tout son
développment par les fonctions maternelles de la gestation et du port de
I'enfant allaité.”

It seems to me that the carrying of the child cither in the arms
or upon the back must have a more important influence in determining
the greater curvature of the spine than the occwrrence of intermittent
pregnancies, or the slight disturbance which results in the balance of
power between the extensors and flexors of the spine. At all events it
is clear that it is a hereditary condition.

Which Vertebra in Man and {he Anthropoids shows an Tndex most nearly
approaching the Standurd *—In comparing the average indices of the sepa-
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rate vertebra, with a view to determine this question, a somewhat interest-
ing point becomes apparent, as will be seen from the accompanying
diagram :—

02 I 12

e
ey
&
European, European. Andaman. (iorilla.
g &

The numbers on the different vertebral bodies indicate the average index of that vertebra in
the four groups represented in the disgram. The vertebral body in black shading is that member
of the Inmbar serics which possesses an index most nearly approsching the standard ; in other
words, it 1s the vertebra of transition.
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In the ant'lu'ulmill ape the vertebra which shows an index most nearly
approaching the standard is the last lumbar; in the low races it is the
fourth lumbar; in the European male it is the third lumbar;' and in the
European female it is the second lumbar. It ascends, therefore, step by
step, from the anthropoid ape to the European female.  But in constructing
the accompanying diagram, another curious point became evident, viz. that
(with the exception of the two lower lumbar vertebrae) the index of a given
vertebra in the European female eorresponds closely with the index of the
vertebra in the male immediately below it. A similar correspondence will
be noted in the case of the Andaman and the gorilla, but not in so marked
a degree.

Relation of the form-adaplation of the Verfebral Bodies fo the degree of
Lumbar Curvature—An important point must now be discussed: Has the
moulding of the vertebral bodies any relation to the degree of lumbar
curvature ? We have noted that the lumbo-vertebral index, which ex-
presses the amount of this form-adaptation, is very variable in different
individuals ; the question, therefore, comes to be: Is a low lumbo-vertebral
index associated with a high degree of curvature, and wvice wversa? This
point can in a measure be determined by comparing in Table R, p. 27, the
lumbo-vertebral index of each spine figured in Plate 1., with the corre-
sponding index of curve. In so far as the individual spines are concerned,
it will be noticed that there is a general correspondence between the two
indices. But this can be brought out in a more striking manner if we
caleulate the average indices for the six spines which exhibit the highest
degree of curvature in the lumbar region, and compare these with the

! In the European male it is the second lumbar vertebra which, strictly speaking, mest nearly
approaches the standard index, viz. 102, as against 977 for the third lumbar vertebra; but in
view of the other relationships mentioned above, I have thought myself justificd in overlocking
thiz minute difference, and in giving the preference to the vertebra which possessed an index
below the standard. The Andamans were chosen for comparison, beeanse I had examined a
greater number of specimens from this race than in the case of the other low races; and the
gorilla, on account of the closer correspondence of its indices to those of man, than in the case of
the other anthropoids,

ROYAL IRISH ACADEMY—CUNNINGIAM MEMOLRS, X0, IL [5]
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average indices obtained from the six spines which exhibit the lowest
degree of curvature. The following is the result:—

Average Index of Avernge Lumbo-
Lambar Curvature, | vertebral Index.

The six spines in Plate 11, which exhibit the lowest o |
degreeof curve in the lumbar region, viz.,, Nos. ||
3, 4, ond 5, males, Nos. 1 and 2, Femnles, ;mr]ir'
Wieber's figure, a . : & - -1

;
S
@

The six spines in Plate 11, which show the highest § |
degres of lumbar eurve, viz., Nos. 1, 2, and &, 11-1 91-3
Males, and Nes, 3, 4, and §, Females,

It is clear, therefore, that the bodies of the vertebrm in the lumbar
region are fashioned in a more or less marked manner in accordance with
the degree of the lumbar curvature. In all cases, however, the difference
in height between the anterior and posterior surfaces of the lumbar vertebra:
(with the exception of the fifth) is so slight that it can have little or no
influence in determining the curve. Weber,! Niihn,* Meyer,® Hirschfeld,*
&e., have all given expression to a similar opinion. As Meyer,” Horner,”
Aeby,” and Pansch® remark, the difference in height between the anterior and
posterior surfaces of the lumbar vertebral bodies must be looked upon as
the consequence, and not as a cawxse of the curve. But whilst this is the case,
the condition which produces it is not, as some suppose, the unequal pres-
sure to which the centrum is subjected during the life of the individual.
Its cause is not immediate and mechanieal.  If it were so we would find it
equally developed in all races; whereas in the low races the fifth lumbar
vertebra alone exhibits the peculiarity—and this in a minor degree.
Who, on such scanty evidence, would presume to say that in these races
the lumbar curve is less marked than in the European? The condition
is a hereditary one, and it has originated from influences operating upon
the bodies of the vertebrae, as the lumbar curve has become in suceessive
senerations more and more firmly established. At the same time it must

' dAntea, p. 3. 2 Antew, p. 3. 3 Anten, p. 3. i dAntea, p. 3.
¥ dntea, p. 3. ¢ Antea, p. 3. T dAntea, p. 5. ¥ Antea, p. 3.
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be admitted that it is very doubtful if the new-born child exhibits a like
condition of the bodies of the lumbar vertebrae, At this early age, when
only the central parts are ossified, it 1s a matter of extreme difficulty to
measure the vertebral bodies accurately. Bouland' found a greater height
of the lumbar column in front than behind, and that as a rule the osseous
nuclei, the eartilages of ossification, and the intervertebral dises, all eon-
curred to produce this. Horner® and Aeby,® however, believe that in
the first instance the bodies of the lumbar vertebrae are equally deep in
front and behind. From a series of careful measurements which I have
made myself, I am inclined to think that the difference between the
anterior and posterior vertical diameters of the lumbar vertebrae in the
new-born child (if indeed there is any) is very slight indeed, and that
it is sometimes in favour of the front surface, and sometimes in favour
of the back surface of the eolumn.

From what has been said, some might be inclined to argue that the Euro-
pean had assumed the erect attitude at a period antecedent to the low races.
Such a deduction would be altogether untenable, The difference in the
form-adaptation of the lumbar bodies with reference to the curve, in a
European and in a low race, is easily explained when we reflect upon the
difference in their habits. The European who leads a life which ravely
necessitates his forsaking the erect attitude, except as an intermittent oceur-
rence, and then for short periods, has saerificed in the lumbar part of the
vertebral columm fewibilily for stabilify. 1t is evident that the deeper the
bodies of the vertebrae grow in front, the more permanent, stable, and fixed
the lumbar curve will become, and the more restricted will be the power of
forward bending at this region of the spine. The savage, in whose daily
life agility and suppleness of body are of so great an account, who is
frequently ealled upon to pursue game in a prone position, and elimb trees
in search of fruit, preserves the pithecoid condition of vertebrse in the
lumbar region; and on account of this a superior flexibility of the spine
must result. As we have stated, there is no reason to suppose that this
condition is associated with a smaller degree of curvature in this region.

14 Journal de 1" Anatomie et Physiologie,” Paris, 1872,
* dAnfea, p. 3. * Der Bau des menschlichen Karpers,
r5*)
4
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Indeed it is well known that many of the lower races are distinguished by
their erect and graceful carriage, and by the depth of the loin excavation
on the posterior aspect of the trunk—an appearance which would indicate
a strong degree of lumbar curvature.

The follow ng Table gives the indices of the lumbar vertebrae inthe
Chinese, Esquimanx, and certain natives of India. As the number of spines
belonging to each of those races which I had an opportunity of examining
was very small, I have not included the results in the foregoing Tables:—

Tarre 1.

2 1 | (Bl T [T e T 1
| native |naiveof| natives | Koni nntive
Himlu of | Maldive of native of|  of Eikh
Bhutan | Islands = Punjab | Orissn | Cabul
males. | (female).| [male). | (males). | [male). | {male). | (male).

1 F:-:u'.;l:!:-] | (male].

I. Lumbar Vertebm, | 114-0 1260 | 1171 116-2 1181 123 1279 1002 | 1166

I1. Lumbar Vertebm, | 1037 | 1l 1150 127 1040 110 | 116-3 111:3 | 1120
I11. Lumbar Vertebra, 273 1120 11-3 104-1 | 1042 105-1 114-0 113 | 122

IV. Lumbar Vertebra, 270 101-0° | 865 kR 101-1 1080 1057 | Lo4-0

| .
86-7 I 16 B9 TED a3-0 920 old 936

|
[
V. Lumbar Vertebrm, 874 i
v .| ] " T 1 T I I
]'“'“!"""““"'“} o | 105 | 1076 l W10 | 1000 | 1043 l |11-5! 106:0 | 1075
Index, . : [ |

The data which are given in this Table are of two meagre a kind for
us to generalize upon, 1t it should so happen, however, that they are
borne out hy subsequent observations, the Euwropean will present a form-
adaptation of the bodies of the lumbar vertebrae, more suited to the lum-
bar convexity than that exhibited by any of the other races which have
come under our notice.

In bringing the first Section of this part of the memoir to a eonclu-
sion, I must express my indebtedness to my assistant, Dr. H. 5t. John
Brooks, Demonstrator of Anatomy in the University of Dublin, for the
ready help which he has given me in caleulating the formidable rows of
vertebral indices.
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Secrion 11,

The second section of this Memoir deals with the Lumbar Curve as a
whole in man and the apes; and at the very outset of the inquiry we are
met with a difficulty which has presented itself to every observer who has
entered upon this subject. It is this: What standard are we to assume as
typical ? Is there any condition of vertebral curvature which may be
considered normal ? This is, indeed, a puzzling question, and we need
not wonder, when we reflect upon the many forms which the spine may
assume, that certain anatomists consider that there is no one condition
which may be regarded as typical. In life' there is not a gesture, not
a change of attitude, which is not accompanied by some alteration of spinal
form. Our very respiratory movements, gentle and unconsciously per-
formed as they are, meet a response in alterations of curvature of the
vertebral column.  And in the dead, when the spine is removed from the
influence of the muscles—those contracting guy-ropes which help to keep
it erect—when removed also from the influence of gravity, the changes
which it underzoes must be considerable.

But even assuming that in life one of the many postures which may le
taken by the human body is the normal one—be it the military attitude,
or the easy unrest rained erect posture, it does not matter which—how is it
possible for us to determine with aceuracy the outline of the column formed
by the bodies of the vertebrae? It is a task beyond the power of the
anatomist. The only parts of the spine which approach the surface are
the tips of the spinous processes, and the distances which remove these
from the central points, or the anterior surfaces of the vertebral hodies, are
not uniform. Not only are they different in different individuals, but even
in dealing with persons of equal stature and development, and of corre-
ponding sex, they eannot be relied upon. Further, in the movements of
the spine, the excursions which are performed by the spinous processes are

! Henke remarks that the spinal form is variable aceording to taste and fashion,
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muech greater, and of a different nature from those of the bodies of the
vertebre,

Had it been possible to determine with precision the eurvature of the
spinal column in the living, there cannot be a doubt but that Parow®
would have solved the question. His investigation into the physical con-
ditions of the upright posture, and the normal curves of the spine, is a
model of patient and laborious research; but while he has furnished us
with many important and interesting facts, the representations which he
gives of the curves of the column of vertebral bodies in the living can only
I.l(," {!L':l_!l"l}tﬂd is ﬂI}l}TlJHill]Eltl!]}' {,':UI'I'L"[}-t.

The following is the manner in which Parow endeavoured to ascertain
the curved outline presented by the anterior face of the vertebral column
in the living individual. He tried to obtain the mean distance between the
tips of the several spinous processes and the middle points of the front sur-
face of the corresponding vertebral bodies by measurements earried out on
a number of male and female eolumns,  In certain of the dorsal vertebree,
on account of the strong slope of the spinons process, it was necessary to
take three distinet measurements, viz. to the anterior face of the body of
the corresponding vertebra; to the front of the vertebral body next in
order below ; and to the front of the column immediately oppesite. In
the cervieal region such measurements would have been useless, not only
on account of the deep position of the spinous processes, but also on account
of their very variable degree of development, In the diagrams, therefore,
which he gives, the cervical eurve must be considered as being more or less
fanciful. In the male spines the differences in the distances between the
tips of the spinous processes and the front surface of the column were less
than would have been expected. The most striking discrepancy, in the
case of the movable vertebrse, was that exhibited by the vertebra pro-
minens, and it amounted to 12 man.  In the female spines the diserepancies
were much greater, and the want of uniformity in different spines very
marked.

e Bigdien diber die physikalischen Bodingungen der aufrechien Stellung und der normalen
Kriimmungen der Wirbelsiule.”  Archiv fiir pathologische Anat. und Phys. 1864,
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But the great problem which presented itself to Parow was the deter-
mination of the position of the promontory—a point of the utmost
importanee in constructing a schema of the ecurvatures, The variable
development of the sacrum remnders it impossible to attain a definition
of this point by measurements from the spinous process of the first sacral
vertebra. In the two males measured by Parow the difference was so
great as 27 m.m. IHe therefore had to devise other means of obtaining
information upon this point, and not very successfully, for he says—* Ich
habe indess in den dieser Abhandlung beigegebenen Zeichnungen den
Versuch einer genauer Bestimmung der Lage des Promontoriums, resp:
des Mittelpunktes der oberen Fliche des Kreuzbeins unterlassen, da ich
mich iiberzeugt habe, dass dieselbe nicht die Wichtigkeit hat, die man ihr
friiher beilegen mochte.”

Taking into account, then, the variations in form of the vertebra,
it will readily be understood that the difficulties in the way of obtaining
the accurate eurvatures of the spine in the living are insuperable. DMarow
carried ont his investigations in this direction by means of an instrument
which he terms the * Co-ordinatemesser,” and unquestionably his vesults
are of value, in so far as they bring out the transient changes of form
which the vertebral column undergoes under the influence of slightly
altered conditions. Inm fig. 3 (A and B) two of his outlines are reproduced.
A represents what he considers to be the * Profile-projection of the fore
surface of the vertebral column in the unrestrained upright attitude in
the nearly empty condition of the alimentary canal.” DB is the same
individual, with ““a full condition of the alimentary canal” C and D
are outlines of the fore surface of the spines of No. 1, male, and No. 3,
female, in Plate 1. The latter are tracings of mesial sections of frozen
isolated spines, in which, therefore, the different levels ean be marked off
with the greatest accuracy. It will be seen that in C and D, although
they are drawn upon a larger scale than A and B, the distance between
D2 and D 6 (i.e. the second and sixth dorsal vertebrae) is virtually the
same. This shows that, in so far as these points are concerned, Parow
cannot have succeeded in placing them accurately upon his profile outline,
And this discrepancy cannot be accounted for by a compression of the
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four intervening dises by the superincumbent weight from which C and D
have been relieved. This would never cause such a marked difference.

But even supposing that by the ¢ Co-ordinatemesser™ we were able
to obtain the precise curvature of the spine in the living, it would give a
Htﬂlldm'd ‘I."n']lil.‘-ll [:l]llld neyer ]]U kl}il)iiﬁ{l to ﬁ(ll1]li!l]'l‘ti\'l! ':l]]EliUI'll]l.L'll]. l'L"HU'LIl'ﬂh.
We are therefore obliged in this field of work to seek our standard of com-
parison in the dead.

Various methods have been employed for the purpose of determining
the normal spinal curvature in the dead body. The brothers Wilhelm
and Eduard Weber, in their classical treatise, * Ueber die Mechanik der
menschlichen Gehwerkzeuge,” published in 1836, were the first to treat the
subject in a thoroughly reliable and scientific manner. Having removed
the viscera and museles from the trunk of a male subjeet, without injuring
the ligaments of the spine and thorax, they embedded the preparation in
plaster of Paris.  When the latter was firm, the vertebral columm and the
block of enclosing plaster were divided in the mesial plane by means of a
saw. By this method the various segments of the spine were held firm in
the gypsum, and no displacement of these could take place through the
cscape of the fluid central parts of the intervertebral discs. The authors
give a full-size representation of the cut surface of this spine, and I have
taken the liberty of reproducing it in a reduced form in Plate n.  There
cannot be a doubt that this method will give fairly aceurate results, although
it 1s more than possible that in the process of embedding the spine in the
plaster a change in the norma lewrvature may be induced ; and some authors
consider that the strong dorsal concavity ® which 1s exhibited in the Webers'
representation is due to this cause® Horner objects to this method as
one ecaleulated to give rise to inevitable errors from the manipulation

! Panech, in his lectures to advanced students, remarks, with great truth, that in onder to
'ru]u'\m]lll.'l,' the spinal curvature of the living we would j'|,||1|i|_u to examine the individual first
during life, and subsequently after death.—(* Apatomische Vorlesungen.™) 1884,

2 Til.t.: ritl.'u:ll}; dorsal bend of l]li..- :‘I"I"l"' ;is I'I_':‘t.il.i'ljl} FLl ||.:_|I]'L;||||L'; Lut it Appears to me that it is
more reasonable to assume that it represents a pathological condition--perhaps, indecd, o condi-
tion resulting from I.'Itl]l]]_'l.'.‘-l.'lli.i,l of the IL|||;_-<,

' Violik,  Tijdschr. voor de Natuurk, Welensch,” T, iii. 1850,

ROYAL IRISH ACADENY—CUNNINGHAM MEMOIRS, Xo. 11, [6]




42 Cunninglam Memoirs.

and the weight of the plaster. Professor Humphry of Cambridge, in his
work upon the * Human Skeleton,” figures the mesial section of a spine
which he had treated in the same way, and Dr. Pierre Bouland® likewise
adopted this method in his investigations into the development of the spinal
curves. But however suitable this plan may be for the adult spine, in
which the curves are more or less consolidated, it must be very evident that
it is altogether inappropriate for the flexible column of the new-born child.
Dir. Friedrich Horner* approached the question from a totally different
point of view. In Weber's method no account whatever is taken of the
influence exerted upon the spine by the force of gravity, or the elasticity
of the museles, and Horner endeavours to rectify this. He does not at-
tempt to arrive at an exact result for any one spine, but endeavours to
construct an ideal or typical curve of the fore surface of the vertebral
column from results obtained by the examination of three specimens. In
two of these he left the muscles intact, whilst in the third the liga-
ments alone were retained. The vertebral eolumns thus prepared were
divided in the mesial plane, and one-half of each placed upon a board.
The sacrum was then firmly nailed in position, and the two end-points
of the fore surface of the section connected by a straight line. The
different regions were investigated separately, and by bending each part
backwards and forwards its maximum power of backward and forward
movement, as well as its middle position, were determined. Horner further
endeavoured to compensate for the absent influence of gravity by pressure
upon a given point; and in order to determine this point he employed
the law which had been propounded by H. Meyer, viz. that the upright
position ““is maintained essentially only by conditions which lie in the
skeleton and its ligamentous apparatus, and by which only the smallest
degree of muscular activity is called into play.” Meyer places the point
of gravity of the trunk with the head and arms opposite the ninth
dorsal vertebra, whilst he considers that the vertical line of gravity passes

U4 Rech, Anat. sur les courbures du Rachis chez Phomme et chez animanx.”—Journ. de
Anat. Paris, 1872,
% Ueber die normale Kriimmung der Wirbelsaule.”  Miller's Archiv. 1854
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downwards so as to intersect the third sacral vertebra. In Horner's
representation, therefore, the anterior face of the ninth dorsal vertebra is
brought back until it touches the vertical line of gravity. It is by no
means to be regarded as certain that the premises assumed by Horner are
correct. The line of gravity is a point of extreme difficulty to determine,
and Parow, with a full acquaintance of the work of Meyer and Horner,
considers that it is not placed so far back, but cuts the promontory. It is
in thiz neighbourhood also that Weber places the line of gravity.

In a postseript to Horner's Paper, H. }I{:}'m* makes a fow slicht altera-
tions in Horner's schema, and likewise gives a formula by means of which
he considers that the curves of an ideal and 1}']!51;:&] vertebral eolumn may
be constructed.

Pansch,' in his instruetive and interesting lectures to advanced students,
remarks: ““ A single determined form (of the vertebral column), which we
might designate a normal one, does not exist. . . . But with Meyer we re-
rard that form, which the powerful and stiff upright body shows, asa typical
one. This stiff or ‘military’ position . . . offers the peculiarity that the two
ends lie perpendicularly, the one over the other.” If the Horner-Meyer
schema represents the military position, then it is a forced attitude, and one
which is very largely produced by the influence of muscular contraction.
Krause® indeed considers that this posture ig 0111_}-' fit for a pregnant woman.

Fr. Merkel®* objects to the preceding methods of investigating the
curves of the vertebral column, inasmuch as they only give us information
regarding the vertebral bodies, and the intervening cartilaginous discs.
We obtain, in other words, the collective eurvature without perceiving the
part which the several vertebrz play in its construction, because the neural
arches, and more especially the articular proeesses, are concealed from view:
and he holds that it is only by a study of the details of the architecture of
the separate vertebrie that we are able to tell whether or not a normal
curvature exists. His Paper on this subject is an exceedingly ingenious
one. By the application of geometrical laws he has been able to construct

1+ Anatomische Vorlesungen.” 1884,
* u Handbuch der menschlichen Anstomie,” p. 81.

¥ i Tleber den Bau der Lendenwirbelsadile.” Archiv fiir Anat. und Phye, ( His und Braune), 1877,

[8%]
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drawings of the lumbar region of twelve different individuals from the
macerated and separate vertebrme.  He endeavours, therefore, to rebuild
the lumbar section of the column from a study of the manner in which its
separate clements are related to each other.

The following is the plan upon which he proceeds, and it would be well
to use his own words. He says: “ It is necessary to call to our aid a
mediate method of investigation. As sueh the excellent method of
geometrical drawing of Lucm has proved itself very valuable to me. With
its help it is possible to sketch a profile outline of the vertebra which
comprehends in one plane all the essential points of the bodies as well as
the arches, and thus unites the advantages of a median section with those
of a view of the arches. With a little practice we obtain such accurate
drawings, that several independent sketches prove, in every respect,
cﬂ]igl’l“]llﬁ.

“In the production of the sketches I proceeded to place the vertebra,
with the help of the ¢ Fadenkrews-Diopler,’ in accurate profile; the separate
Inmbar vertebrse of the macerated vertebral eolumn, which I used exelu-
sively, were grasped by a vice, and shifted until the upper and lower
posterior angles of the body, as well as the highest and lowest point of the
two articular surfaces of hoth segments of the body, coincided. The sketch
was then drawn, and the superior articular surface was represented in
the interval which exists upon the averted side of the articular process.
This could also be very acecurately done by using the contour of the
processus obliquus, and by means of compass measurement. Finally, in the
drawing, likewise by the aid of the compass, the middle points of the
upper and lower articular surfaces were determined.”

Having thus obtained accurate profile drawings of the five lumbar
vertebrae, Merkel proceeds to place them in position, and thus re-construet
the lumbar column. IHe assumes, in the first place, that in the attitude of
anatomical rest the central points of the opposing surfaces of the articular
processes must coincide with each other, and having placed them accurately
in this relation to each other, he shifts the bodies until the upper and lower
angles of their fore surfaces fall into a uniform curve (i.e. a curve without
angular notches). e asserts that it is only possible to form, with the
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front faces of the bodies, one quality of curve. If we attempt to construet
a curve with a larger radius, then the central articular points refuse to coin-
cide: if, on the other hand, we strive to form a eurve with a smaller radius,
the vertebrae project over one another.  He figures the lumbar regions of
twelve individuals which he has reconstructed in this way, and he con-
siders the curve in each case, * die einsig migliche anatomische Normal-
kriimmung der Bauchwirbelsaiile,”

He brings forward additional evidence to show that at least the second
and fourth lambar vertebrae are correctly placed. If the lines joining the
central points of the superior and inferior articular processes of these ver-
tebrae be prolonged, they cut each other at an angle of 166°—and this angle
is constant throughout the whole series of columns he examined. The posi-
tion of the third vertebra varies with the height of the individual, but he
also endeavours to deduce a law by which its position may be determined.
It is only in the case of the first and fifth lumbar vertebra that he finds
himself placed in a dilemma. Inthe ease of the former, he seeks help from
the Horner-Meyer schema : as for the latter, its place was fixed, more or
less, by the eye. With regard to these vertebrme, he says: “Ich betone
nochmals, dass diese Stellung nur eine provisorische ist, und dass sich volle

erst Sicherheit iiber diesen Wirbel, ebenso wie iiber den ersten Lendenwirhbel
ergeben kann, wenn eine Construction der ganzen Wirbelsaiile vorliegt.”
Were it possible to accept without question this highly ingenious method
of rebuilding the lumbar column, the advantages proceeding from it would
be very great; as Professor Merkel claims, it would enable us to appreciate
the relation which the several parts of a vertebra bear individually to the
curve, EI.]'!I:I. it- \\'{)i!l[l Sl[PIJ[_‘}.' 1= “'i.i]] a I'L"itl].}' means flr l‘ﬁii]illlti[lg t!l{'! ﬂll"f._':]'{"l_,"
of lumbar carvature in the macerated column. It might, thervefore, be
employed with great advantage in the determination of the curves of those
races of which the fresh spines cannot be obtained. There are, however,
decided difficulties in the way of its application. The axiom which is
advanced, viz., that the position of anatomical rest is that in which the
central points of the opposing articular surfaces coincide, might readily be
disputed ; and upon this depends the whole theory. But, even granting
the accuracy of the method, it has this disadvantage, that by its means we
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are only able to fix with certainty the position of two, or at most three, of
the vertebra.  Whilst we recognize, therefore, the high importance of
this Paper, and note the many original and new points which it dis-
closes, we are satisfied that the curves of the spine can only be properly
studied in the fresh vertebral column.

The investigations which I have made in connexion with the lumbar
eurve in man were chiefly earried out with the view of obtaining a standard
with which I might compare the corresponding curve in the apes. It is
true that I might have been satisfied for this purpose with the representa-
tions of Weber,' Braune,” and Pirogoff ;* but as it was important to arrive
at some conception as to the range of deviation in the lumbar curve in
different individuals, I felt that it was necessary to examine a number of
spines. The investigation has not been devoid of interesting results.

In every case the spine was frozen, and divided in the mesial plane
with the saw ; a piece of fine tracing-paper was then frozen to the surface
of the section after it had been cleansed with a stream of water, and an
accurate tracing taken of the bodies of the vertebrze. There cannot be a
doubt that where it is possible it is advantageous to freeze the entire body,
and thus obtain a picture of the spine before it has been removed from its
surrounding soft parts; but in a country such as Ireland, where a snow-
storm is a rarity, and a continuous hard frost seldom oceurs, it is out of the
guestion to attempt the freezing of a number of entire subjects.

The spines, therefore, which I have examined, were removed from the
body, but in every case the surrounding muscles and lignments were left
untouched. [ have satisfied myself that the changes of curvature which
Parow! asserts oceur when the spine is isolated do not take place when the
subject is maintained in the horizontal position. It is a totally different
matter, however, when we are dealing with a subject which is artificially
maintained in an erect attitude. In this position it would be strange if the

U Anfea, p. 3. 46 Atlas of Topographical Anatomy.'

* o« Anatome topogr. scetionibus per eorpus hum. congelatum tripliei divect. ductis illustr.
Petropol.” 1859,

4 Archiv. fiir pathelogische Anat. und Phys.'" 1864,
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changes deseribed by Parow, on removal of the viscera and the thoracic
wall, did not take place. It must be evident to everyone, that if in a dead
body, held in an upright posture, the abdominal viscera be removed—if in
this way the support to the under surface of the diaphragm be abstracted-
the upper part of the dorsal region of the column will sink downwards, and
at the same time advance forwards : likewise it must be equally clear tha
the evisceration of the thorax will cause the spine to partially regain its
original form. Further, if the ribs and sternum be taken away, and the
dorsal region be thus relieved of their weight, it is reasonable to supposc
that an increased flattening of the dorsal curve will follow. But all these
changes are due to the force of gravity, and exert no influence upon the
spine when it is placed in the horizontal position.

But Parow holds that the thoracic walls constitute an integral part of
the spine, and that the rings formed by the costal arches and the sternum
keep the dorsal region of the vertebral colummn in a state of tension. He
asserts that as soon as the integrity of the thoracie parietes is interfered
with, the dorsal arch relaxes, becomes flatter, and forms a curve with
a distinetly greater radius. The lumbar curve also completely disappears.

To test the accuracy of the above statement I performed the following
experiments :—Having chosen a powerfully-built male subject, the lower
limbs were amputated at the junction of the upper and middle thirds of the
thighs, and the head removed by disarticulation at the oceipito-atlantoid
joint. The upper limbs, with the shoulder-girdles, were also taken away.
The trunk, thus bereft of the greater part of the lower limbs, the upper
limbs, and the head, was placed upon its back in a box about twelve
inches longer, and about eight inches broader than itself, and plaster of
Paris was poured in so as to fill up the vacant space. In the cervical
region this was allowed to rise until it reached the level of the anterior
surface of the vertebral bodies; in the dorsal region it was allowed to
come forward upon the chest wall to a point a little beyond the nipples,
and in the abdominal region until it reached the anterior surface of the
front wall. The trunk was therefore immovably fixed in a block of
plaster, with its anterior surface alone exposed. Great care was taken to
regulate the amount of plaster behind the neck, so that it might corre-
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gpond to the depth of the head behind the atlas. The viscera of both
abdominal and thoracie cavities were then removed by opening the anterior
wall of the former: the thoracic wall was in this way preserved intact.
During the process of evisceration the spine was sul:purwd h}' the hand of
an assistant, so as to prevent any dislocation from the plaster bed. The
subject, and also the spine, remained, however, perfeetly firm, and did not
move in the least degree. After cleaning the front of the vertebral bodies,
it was noticed that the first and second lumbar vertebra: had been the seat
of caries, and although completely cured, there was yet a distinet de-
pression opposite this portion of the column. The curve was taken by
a strip of lead moulded upon the front face of the vertebral bodies, and
the tracing thus obtained is represented in fig. 4 (No. 2A.) It may be
regarded as giving the curvature of this spine with the body ecavities
entire, and oceupied by the viscera.

The next step in the experiment consisted in breaking down the plaster
block, with the exception of that portion which supported the neck, which
was retained throughout the entire experiment. When this was effected
the trunk was again placed in the box and again surrounded with plaster,
as before, and the curve taken with the strip of lead. The tracing thus
obtained is seen in fig. 4 (No. 2B.) It gives therefore the outline of the
spine in the horizontal position after evisceration.

Before breaking down the plaster block a second time the breast-hone
and the costal cartilages were removed, and having again embedded the
body in the gypsum, the tracing represented in fig. 4 (No. 2C) was taken.
This gives the curvature after the integrity of the thoracic wall has been
interfered with.

The last step consisted in freezing the isolated spine, and dividing it in
the mesial plane. A tracing (in a reduced form) of this seetion is given
in fig. 4 (No. 2 E.)

The pathological condition of this vertebral column rendered it neces-
sary that the same experiment should be repeated upon a healthy subject;
and a tall powerful male was therefore chosen, and subjected to precisely
the same process. The only difference in this case was, that the lower
limbs were not amputated. In the second embedding the plaster block
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supporting the head broke, and thus some differences resulted in the two
last tracings of this portion of the eolumn. The curves obtained are repre-
sented in fig. 4 (No. 1 A, B, C.) An additional outline is given, viz. D;
this was the tracing obtained after all the intercostal museles, &ec., were
divided right back to the erector spinm, and in taking this the trunk
was not embedded in the plaster, but was merely stretched horizontally
on a table.

It will be seen that the tracings of each spine are very nearly alike,
and that the deviations arve so slight that they are evidently the result of
the method of registering the curves, viz. by a strip of lead. I believe,
therefore, that in the horizontal position of the body the removal of the
viscera from the abdominal and thoracie cavities does not appreciably
affect the curves of the vertebral colummn; and further, I dispute Parow's
proposition that the dorsal region is held in tension by the costo-sternal
rings, and that, when the body is in the recumbent attitude, any inter-
ference with the integrity of the thoracie walls leads to an alteration of
the vertebral eurves. No one will deny that in the upright position
they exercise an influence by reason of their weight, and that in the
movement of inspiration they produce a slight straightening of the
dorsal part of the column.

Parow figures the outline of the front surface of a spine which has been
isolated, and placed in the horizontal position; and this I have taken the
liberty of reproducing in fig. 3 E (p. 40). It is remarkable for the ex-
treme flatness. of its curves, more especially in the lumbar region, and at
the promontory. Two of the spines which are represented in Plate 11
(viz. No. 4 and No. 5, males) are also peculiar on account of their straight-
ness; but this cannot be due to their having been isolated before they
were frozen, because the other members of the series were treated in
identically the same way. As a contrast to Parow’s outline, I place
in fiz. 3 the outlines of the anterior faces of No. 1, male, and No. 3,
female, in Plate 1. They are indicated by the letters C and D.

I am econvinced, therefore, that isolation of the spine in the recumbent
posture does not produce the changes deseribed by Parow as oeceurring
when the trunk is maintained ereet. In the series of spines figured in
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Plate 1. I have introduced reduced tracings of the spines in Braune's
representations of the mesial sections of a male and female (No. 2, male,
and No. 5, female). Certain of my own tracings closely correspond with
these : thus No. 1, male, only differs from Braune's male in the cervical
region, and this is evidently due to the position of the head in the latter:

again, if No. 3, female, be contrasted with Braune's female, a similar

correspondence will be noted.

Braune' is unquestionably right when he states that no advantage can
be obtained by freezing the body in the upright position.  * It is evident,”
he says, * that it is impracticable to keep a body so balanced, and in such
equilibrium, as the muscles are capable of doing during life. The trunk
always hangs over to one side to such an extent that the spine partly
loses its original curvature, and takes a semi-flexure. It is, therefore, not
to be wondered at that the figure which Pirogoftf (a.a. O. Tab. 12) gives,
taken from a subjeet frozen in the upright position, exhibits flatter curves,
having flatter arcs, than it would have had if the drawings had heen
taken from one frozen in the horizontal position.”

Of course it is impossible to estimate aceurately the amount of altera-
tion which the spinal form undergoes in life in the change from an erect to
a recumbent attitude.  We can only judge of this by measuring the spine
in the two attitudes, and the results obtained in this way would certainly
seem to indicate that the change of curvature is not so marked as is gene-
rally supposed. At all events we are justified in assuming that in a
dead subject the spinal form in the recumbent posture approaches more
nearly to what it was during life than when the body is artificially main-
tained in the erect attitude.

In order to obtain an approximate idea as to the amount of the differ
ence in the spinal curvature in the two attitudes, I carefully measured six
young, well-formed individuals, with an average age of twenty-eight, and
an average height of 5 ft. 61 in., first in the upright posture, and after-
wards in the recumbent position. The average increase in height in the

latter attitude was only three-eighths of an inch, no doubt produced by a

I <t Atlas of Topographical Anatomy,” p. 3.
i
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flattening of the dorsal and lumbar curves.! A corresponding inerease in
height can be detected, as is well known, after a night's rest.  Hyxtl® states
that in measurements instituted upon himself he found his height to be
#5 schuh 8 zoll™ after seven hours’ rest, and only ““5 schuh 7 zoll 3 linien"
before retiving to bed.  In eight individuals (four males and four females),
with an average age of twenty-seven, and an average height of 5 ft. 4 in,
I found the morning inerease of height to be an average of 7 of an inch.
This inerease depends not so much upon an alteration of the intervertebral
dises as upon a change in the curves of the spine, which, during the period
of rest, has been relieved from its burden.

It therefore appears to me that the attitude in which the spine
should be examined in the dead subjeet is the horizontal recumbent one,
and the spinal form which is then exhibited may fairly be taken as the
standard of comparison when we are pushing our inquiries into the curves of
the vertebral column in the lower animals,

Diffevences in Spinal Forin in diffcrent Individuals.—It is not necessary to
examine the spine itself to observe the marked differences in spinal form
exhibited by different individuals. The stooping gait of those engaged in
sedentary pursuits, the erect bearing of the soldier, and the easy and
graceful carriage of the athlete, are all types familiar to the eye. 5Still
these individual differences are brought very prominently before us when
we examine a series of spines such as ave exhibited in Plate 1. The
influences at work in producing these differences are clearly those of—
(1) age; (2) sex; and (3) occupation.

It is recognized by all anatomists that the spinal form presents different
appearances at different periods of adult life.  According to Sappey,® the
curvatures of the vertebral column remain stationary only for the short
period of five years, viz., between the ages of twenty-five and thirty.

' Horner believes the difference to be much greater. He took two points, viz. ene opposite
the middle of the third sacral vertebra, and the other at the tip of the spinous process of the cighth
dorsal vertebira, ond measured the distance between them, first in standing, and then with the
subjeet lying upon his side, and found o difference of 30 mm.

# # Lehrbuch der Anatomic.” 3 i Traité d' Anatomie Descriptive.”
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“The curvature then enters upon a new period of increase, and the stature
begins to decrease.” But it is only in advanced age that the curves
beecome greatly exaggerated, and this exaggeration does not affect the
lumbar so much as the dorsal region. In Plate 1., No. 1 (male) represents
the spine of a man of about fifty-five years; Nos. 3 and 6 {males) are the
spines of men of middle age (from forty to fifty years); whilst Nos.
4 and 5 (males) are the spines of, comparatively speaking, young men.
Confining our examination to the lumbar region, it will be observed that
the most pronounced curves are to be seen in two out of the three oldest
spines, viz., Nos. 1 and 6. DBy referning to Table R. (p. 27) it will be
observed that the index of the lumbar curve in these is 10-3 in the
former and 129 in the latter. No. 3 certainly offers a marked excep-
tion, the index being only 6-9. DBut there are two other peculiarities in
connection with this spine, viz. it presents a most unusual abruptness in
the transition from the cervical to the dorsal curve, and the average index
of the hodies of the lumbar vertebrae is above the standard (101-1).

In the series of female spines represented in Plate 11, No. 1 is from a
woman thirty years old ; No. 3, from a subjeet thirty-five years old ; whilst
Nos. 2 and 4 were both about fifty years old. In general curvature
the two young spines are undoubtedly the most pronounced, and although
No. 4 presents the highest index of lumbar curve (12), No. 2 possesses the
lowest (6). The straightness of this latter spine is indeed very striking.

The influence of age, therefore, does not affect all spines, nor all
regions of the spine alike. Although there was no deerepitude, and,
indeed, no apparent wasting in the subjeets from which Nos. 3 (male)
and 2 (female) were taken, it is possible that they may have remained in a
recumbent position for a longer period than the others before death.

That the life-oceupation of an individual exerts an influence upon
spinal form must be manifest to all, and doubtless many of the peculiarities
observed in the series of spines figured in Plate 1. proceed from this canse.
Unfortunately, however, with the exception of No. 5 (male) (who, I
believe, was a sailor), I have no information as to the pursuits followed by
the individuals from whom the spines were taken. Sappey' believes that in

U dnlea, p. 52,
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the agricultural labourer the upper part of the lumbar region becomes more
strongly eurved ; whilst in the porter it is the lower part of the cervieal
region that is affected. *“ Telle est aussi,” observes Charpy,' ¢“la cambure
des gens qui habitent la montagne ou des pays accidentés et marchant sur
des pentes, opposée i la rectitude de ceux qui vivent en plaine.” All such
forms are the result of muscular influence.

The influence of sex upon the general lumbar eurve has already been
discussed, and it has been noted that in the female it is, as a rule, more
pronounced than in the male. Other special sexual distinetions will be
alluded to when we come to analyse the character of the lumbar curve.

Racial Differences.—It cannot be disputed that in different races of
mankind there are different varieties of spinal form. The very fact of such
marked diserepancies being found between the indices of the hodies of the
lumbar vertebrae points to this, although it cannot be regarded as a proof
of it. As we have already observed, these diserepancies can only be
looked upon as indieating a greater or less degree of flexibility—a greater
or less degree of power of changing the spinal form under the influence of
the museles, and not as specially indicating a greater or less degree of
lumbar eurvexity.

Travellers tell us of the erect and graceful bearing of many of the
natives of Africa, and speak of the marked hollow which may be seen pos-
teriorly in the region of the loins. The same has been said also of the
natives of Australia; but beyond this we have little information, and what
knowledge we do possess is far from being of a definite character.

Pruner-Bey,? in his memoir upon the Negro race, says: “ Les trois cour-
bures de la eolonne vertébrale ne sont jamais aussi prononeées que chez le
Touranien et chez U'Aryen.” Topinard,® in his great work upon Anthro-
pology, makes the remark that the lensellure dorso-lombo-saerde *“ est plus
prononede dans les races brunes méridionales de 1'Europe par eomparaison
avee les races blondes et cela dans les denx sexes.”

Vit Pe I conrbure lombaire,"—Journ. de ' Anatomie ot Physiologie. (Paris.) 1885,
* ¢ Mémoire sur les Kégres,” lu 4 la Société d"Anthropologie de Paris. 1861,

14 Eléments 4" Anthropologie générmle.” 18835,
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Duchenne! gives some very interesting facts regarding the difference in
gpinal form in the Iberian and Anglo-Saxon races. He states that three
very different degrees of lumbo-sacral curve exists, and to the most pro-
nounced of these he gives the name of ** Ensellure lombo-sacrée physiologique.”
This condition he considers is characteristic of Spanish women, and more
especially of the Andalusians. It necessitates curves of compensation in
the other regions, and, when these are not exaggerated, much grace is
given to the contour of the body : further, it is associated with small hands
and feet, elegant pose, and finely-modelled neck. The same characters
may be observed in the women of Boulogne-sur-Mer, which he believes to
be due to their supposed Spanish origin.  In the village of Andresselles,
with inhabitants of Anglo-Saxon blood, he has noticed an altogether dif-
ferent type.  In these the vertebral column is very straight, and the lumbar
curve but slightly marked. Associated with this variety of spinal form
there was noticed a stiff hn{l}' with an angular contour, large hands and
feet, and a neck wanting in grace.

M. le Dr. Guerlain,® a physician in Boulogne-sur-Mer, disputes the
accuracy of the views advanced by Duchenne.  1le holds that the cause of
the Eusellure lombo-sacrée 1s mechanical, and due to the hilly nature of
the district and to the heavy burdens which the inhabitants earry.
Lagneau,® in his Paper upon the Anthropology of France, gives his adher-
ence to the opinions of Duchenne,

I have recently had an opportunity of examining a number of Hotten-
tot-Bushmen, who were exhibited in Dublin by M. Farini. The troupe
consisted of two adult males, a boy of six years old, and a girl of twelve
years old. In all, the depression in the lumbo-sacral region of the back
was very marked, and rendered all the more striking by the great accumu-
lation of gluteal adipose tissue. The lower part of the abdomen was also
very protuberant. With the help of an assistant I obtained accurate

Lo Physiologie des Mouvements.”" 1867,

2o Bar 'ensellure lombo-sgerée des femmes de Boulogne."
de I'ariz. 1867,
? & Bulletin de la Soc. " Anthrop, de Poaris” 1867,
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tracings of the spinal form, in so far as this can be done in the living.
Each individual was instructed to stand in an easy upright attitude, and
being steadied in this posture, by the assistant placing one hand on the
head and the other on the shoulder, I proceeded to mould along the middle
line of the back a strip of duectile lead. Owing to the great projection of
the buttocks, it was very difficult to obtain an accurate mould of the
coceyx, but above this point the form could be taken with the greatest
precision. Iig. 5 A, B, C, D (p. 58), gives, on a reduced scale, the tracings
which were obtained in this way. The Eusellure lombo-suerée is very pro-
nounced, and it may be measured, as Topinard suggests, by drawing a line
from the most prominent point of the dorsal region to the most prominent
point of the sacrum, and then noting the depth between this line and the
point of maximum curvature. Further, if we take the standard length of
the spine as 100, we can formulate an index for the ensellure lombo-sacrée.
The following Table gives the results of the measurements :—

FOUR HOTTENTOT-BUSHMEN.

|
Outlioein Fig. 5§ . « . . A. | E. ' 0. | In.
Faiio and 86k ; i ; : X .-'I.é]c.\r. | N ;;1. | N }-nn n inn | X o:n o' qui, Avorage.
s T T, P [ 12 'r. |
| .
Length of Bpine, - o - % 354 mm. 427 mm. 462 mm. | 559 mm. | 458 mm.
| |
| |
}Tr;xmmm depth of Ensellirs } 24 mm. H mam. 36 mm. | 3T mm. | 327 mm.
lambu-saeree, | |
Index of Enselfnre, . ¢ 4 & GG 80 | =7 66 | 72 |
{ | | |

The female, although a girl of only twelve, presented the most marked
curve, and this could be noted by the eye. In all there was observed a
great suppleness in the region of the loins. It is right to mention, that
although the age of N'fun n'fon was given as twenty-five years, it is very
doubtful if he was more than twenty. He certainly had not the appear-
ance of having arrived at full maturity.
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In order to fully appreciate the above figures referring to the ensellure
in the Hottentots, I measured in the same way two young adult and finely-
built Irishmen, and the tracings which I obtained are represented in Fig. 5
(E and F.) The one was a labourer (E), and his spinal form was taken
while he was standing in an easy, unrestrained attitude; the other was a
tall, athletic man, with a very erect bearing (F), and in his case the tracing
was obtained while he stood in an attitude with the shoulders drawn well
back, and the loins projected forwards. The following Table gives the
results :—

TWO IRISHMEN.

I E. | F. Avernge.

' |

| - T —— - S ——

| 1

i Length of Spine, GE2 mm. [ 741 mm. 7115 mm.

| Maximom depth of Ewsellure fambo- | 16 m 11 F1 2 toin
BIEFLE, . . ) | e : | = PE

| 5 e 1

I Index of Erselliore, 3 | 32 G5 g3

The difference between the Ensellure lombo-sacide in the Hottentot- Bush-
men and the two Irishmen is therefore very striking, and hespeaks in the
former not only a more pronounced lumbar curve, but, perhaps, also a
greater obliquity of the pelvis. The index exhibited by I falls con-
siderably short of the average Hottentot index, notwithstanding the
fact that it must be re
Ensellure,

There is, however, still another point of difference, viz., that whereas
the point of greatest depth of the Exselfure in the two Irishmen is opposite
the second lumbar vertebra; in the Hottentot-Bushmen it is placed much
lower down, and is opposite the last lumbar vertebra.

rarded as showing a somewhat exargerated

L1
[ =]
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Points of Inflexion of the Verfebral Column.—As mathematical problems
are involved in the determination of this question, I sought the aid of the
iev. Dr. Haughton, F. R. 8., whose previous well-known work in the field
of animal mechanics rendered his help peculiarly valuable.  With his usual
kindness, he instructed me in the methods which he considered would lead
to the most accurate results.

The putting of these methods into practice constituted a very laborious
undertaking, and it was executed for me by my friend and former pupil,
Dr. Vaughan, I ecannot sufficiently express my indebtedness to him for
the great assistance which he has given me, and for the many valuable
suggestions which, from time to time, I received from him.

Hitherto the vertebral eurvature has, as a rule, been regarded as that
formed by the outline of the anterior face of the spinal column, and the
mean curve has been constructed by drawing a line in relation to the
upper and lower anterior angles of the vertebral bodies. This is manifestly
an erroneous conception of the spinal eurvature. That part of the column
which is composed of the true vertebre constitutes a cone-shaped strue-
ture, with a curved outline and a curved axis: its true curvature is that of
the axis.' DBut further, the upper and lower angles of the fore surface of
the vertebral bodies are very irregular in their degree of projection. Sub-
sidiary curves are thus introduced which throw certain of the vertebrie out
of the mean curve altogether. If we endeavour to determine the points of
inflexion of the three curves by this method, the results obtained in dif-
ferent spines are by no means uniform. Thus the eervico-dorzal change
takes place within a range which varies from the upper border of the thind
dorsal vertebra to the lower border of the fourth dorsal vertebra: whilst
the lumbo-dorsal inflexion may oceur at any point between the upper
border of the first lumbar vertebra and the lower border of the third lumbar
vertebra,

The true vertebral curvature is the axial cwrvatuwre ; and this may hbe
determined by finding the central points of the bodies of the vertebre and

"It is right to state that this point was first suggested by Dr, Vanghan in the course of a
conversation which I had with him en the subject, and afterwards, in submitting the question to
Dir. Hanghton, he entirely corroborated the view,

[&*]
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of their interposed cartilaginous discs, and drawing the mean curve through
these. When this is done, the change from one curve to the other will
always be found at the same point; and it is of great interest to note that
the degree of enrvature of a spine appears to have no effect in producing
variation in the points of inflexion: in a strongly-curved spine, as well as in
a feebly-curved spine, the transition from one curve to the other is always
at precisely the same spot.

In male and female spines alike (viz., Nos. 1, 3, 4, 5, and 6, males, and
Nos. 1, 2, 3, 4, females, Plate 11.), the cervico-dorsal point of inflexion is
gitnated in the dise between the 2nd and 3rd dorsal vertebrse. The cer-
vical curve is therefore formed by the upper nine vertebrae.

The lumbo-dorsal point of inflexion is apparently different in the two
sexes, and therefore, in so far as my tracings show, it constitutes a sexual
distinetion. In male spines, Nos. 1, 3, 4, 5, and 6, the change of cur-
vature takes place in the dise, between the 12th dorsal and the 1st lumbar
vertebrze.  In the female spines, Nos. 1, 2, 3, and 4, it is placed a little
higher, viz., in the centre of the body of the 12th dorsal vertebra.

The most diverse views are entertained as to the boundary line
between the dorsal and lumbar eurves, and this may in all probability be
accounted for by the fact, that in the determination of this peint the mean
curvature of the anterior face of the column has been taken as the stan-
dard.  Aeby, in his work entitled © Der Bau des menschlichen Korpers,”
holds that the dorsal curve stretehes from the middle of the eervical region
to the middle of the lumbar region ; and, in his memoir upon * Die Alters-
vershiedenheiten der menschlichen Wirbelsaiile,” he asserts that a point
between the second and third lumbar vertebrme constitutes the natural
boundary between the concave dorsal and the convex lumbar regions.
Humphry ' and Barwell® state that the lumbar eurve begins in the middle
of the last dorsal vertebra and ends at the lower edge of the last lum-
bar. This closely corvesponds with what we have found in the female
spines.  Gegenbaur, in his “ Lelrbuch der Anatomie des Menschen,"”

i1 ¢ The Homan Skeleton.”
# © Lateral Curvature of the Spine.” 1870,
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inclines somewhat to the view enunciated by Aeby, and considers that the
last cervical and the first lnmbar vertebrae enter the dorsal concavity. In the
most recent Paper upon the lumbar curve, viz., in the interesting article by
Dr. Adrien Charpy' this point is discussed with great clearness. IHe says,
¢ The lumbar curve of the adult has its convexity directed to the front.
It comprehends, as a general rule, seven vertebrse, that is to say, the last two
dorzal and the five lumbar; more ravely the lumbar alone, or the last nine
vertebrae. It is not surprising to see the last two dorsal vertebrae enter
into the movement of the lumbar column.  Cruveilhier has remarked that,
on account of the shortness of their spinous and transverse processes, and
alzo on account of the extreme freedom of the floating ribs, they are in a
condition very favourable for mobility ; and Broea, who calls them the filse
dorsal, and attaches them to the lumbar system, observes that in quadru-
peds they are really isolated from the true dorsal system ; the movement of
the posterior section of the column upon the anterior taking place exclu-
sively between the last dorsal vertebra with a fixed rib, and the first of the
false dorsal vertebrae.”

Sumnit of the Lumbar Curve.—"This is placed at a different point in the two
sexes.  In the ease of the curve which is formed by the line drawn through
the central points of the vertebral bodies and intervertebral dises, the point
of maximum curvature corresponds in the male to the central point of the
fourth lumbar vertebra; in the female it is placed at a higher level, and
corresponds with the eentral point of the cartilaginous disc between the
third and fourth lumbar vertebrae. No. 1 (female), Pl 11, is an exception
to this rule. In this spine the first sacral vertebra is included in the lumbar
curve, and the point of maximum curvature is the central point of the car-
tilaginous dise between the fourth and fifth lumbar vertebrae,

There is also a sexual difference in the point at which the summit of the
curve formed by the anterior outline of the lumbar region is situated. In
the males the most projecting point is the upper border of the fourth lumbar
vertebra ; in the females it is the lower border of the third lumbar vertebra.

' “De la conrbure lombaire,"—Journ., de I'Anatomie et Physiologie. Paris, 1885,

{
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In his Text-book upon Human Anatomy, Gegenbaur states that the
summit of the curve is to be found in the fourth lumbar vertebra ; Henle!
and Horner?, on the other hand, place it on the disc between the fourth
and fifth lumbar vertebra ; and Henle refers to a drawing representing a
mesial seetion of the vertebral eolumn., In this, however, the summit of
the curve is the same as in the male spines figured in PL 11, viz., the upper
border of the fourth lumbar vertebra. Dr. Adrien Charpy, in his article
quoted above, considers that the point of maximum eurvature varies in posi-
tion, but that it is always situated in relation to a cartilaginous disc. He
believes that, as a rule, it ““is upon the dise which unites the third to the
fourth lnmbar vertebra™; but he has frequently found it between the fourth
and fifth; more rarvely between the second and third. In the spines which
I have figured in PL 11, we see every degree of curvature, and only one
variation in the point of maximum curvature (No. 1, female), and this is
entirely due to the peculiar form of the sacrum.

Composition of the Lumbar Curve.—If we analyse the axial curve of the
lumbar region we find that it is not composed of the segment of one circle,
but of segments of flree circles. The following Table shows the elements
which enter into the formation of each of these:—

1« Handbuch der Anatomie des Menschen,”
3 ¢ Ueber die normale Kriimmung der Wirbelsaiile  Miller's Archiv, 1854,
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From this Table it will be seen that in four of the male spines the same
elements enter into the composition of each of the three segments, viz., the
fourth and fifth lombar vertebrze, with the intervening dise, forming the
first segment ; the seeond, third, and fourth lumbar vertebrse, with the two
cartilaginous dises which separate them, forming the second segment; and
the first and second lumbar vertebrae, with the dise hetween them, as well
as the dorso-lumbar dise forming the third segment. No. 2 (female) agrees
with these in almost every particular: the only difference being that in the
highest segment the last dorsal vertebra is included. No. 1 (female) differs
chiefly in the peculiar eondition of the sacrum—a condition which excludes
the first sacral vertebra from the sacral curve, and places it in the lumbar
curve.  The lumbar curvature in this spine therefore presents the seg-
ments of four circles—the abnormal segment being composed of the first
sacral and last lumbar vertebrse, with the dise between them. The other
segments correspond very closely with those of No. 2 (female), and differ
only in the centre of the first lumbar dise constituting the point at which
the two upper eireles touch.

It will be readily understood that the determination of the composition
of the different segments of the curve is one into which many fallacies may
creep. A slight inaccuracy in the tracing, or the smallest inaccuracy in
marking the central points of the vertebral bodies and intervertebral discs,
or even a decided deviation from the mesial plane in sawing the spine,
will tend to vitiate the results. No. 4 (female), and No. 3 (male),
as will be scen from the Table, differ in a marked degree from the
others, and the difference consists in a lengthening of the upper segment,
at the expense of the intermediate segment. At the same time it should
be noted that both of these spines offered peculiar difficulties in the
investigation of thiz point. Certain of the vertebral bodies were, more
or less, displaced in the antero-posterior direction, and showed, in con-
sequence, an irregularity of position in relation to each other, which
necessitated a mean curve being taken.

The question now is, Can we reasonably assume that the condition
which is exhibited by Nos. 1, 4, 5, 6 (males), and No. 2 (female), is the
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usual arrangement *—is this, in fact the composition of the normal lumbar
curve ? It may be so; but it appears to me that it would be rash, from
the facts before us, to insist upon this point. It is vain for us to look for
absolute uniformity in the composition of the curve of any region of the
vertebral column.

Speaking of the composition of the lumbar curve, Professor Merkel
says :—‘‘ We see directly that the arc of a circle comprising the whole
lumbar column does not exist; but such a one encloses the three middle tumbar
vertebree.  The first lumbar vertebra projects in front of this; the fifth
retires behind it in a not inconsiderable manner; and if we wish to cou-
struet a eurve which encloses the anterior surfaces of all the five lumbar
vertebrze, it would probably approach most nearly a hyperbola.” It is
true that he refers here to the arc which is formed by the line joining
the anterior projecting angles of the vertebral bodies; but it is inte-
resting to note that in the four males mentioned above (Nos. 1, 4, 5, 6,
Ilate 1.) the same vertebrse, with the intervening ecartilaginous dises,
are included in the second arc of the axial curve, and that in no case
is it possible to introduce into this arc either the first or the fifth
lumbar vertebra.

The three ares which together built up the lumbar axial curve present
radii of very different lengths, and in no two spines do the corresponding
arcs exhibit radii of equal longitude. The lowest arc is a segment of the
smallest cirele, and it possesses a radius of an average length of 96-5 mm. :
it varies in the different spines, however, between the limits of 63 mm.
and 136 mm. The second, or intermediate arc, was found to possess an
average radius of 3417 mm: the longest radius exhibited by this segment
was that of No. 4 (male), viz., 440 mm., and the shortest that of No. 4
(female), viz., 272-25 mm.  The highest arc is the segment of a circle, so
large that it is extremely difficult to arrive at an accurate conclusion as
to the length of its vadius. The spines under observation gave an average
radius of 937°1 mm. ; but in one case (No. 4, male} it was no less than
1732 mm., whilst in another (No. 1, female) it was only 55508 mm.

Speaking generally, then, we may state that the average longitude of
the radii of the three arcs which constitute the axial curve of the lumbar

ROTAL IRISH ACADEMY.—CUKNINGHAM MEMOIRS, NO. IL :'GJ'
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column stand somewhat in the same relation to each other as the following

numbers :
L s o b )

Professor Merkel, who likewise places the three middle lumbar vertebrze
in the segment of one circle, believes that this arc is a very constant one.
He states that “it has, in almost all the vertebral eolumuns examined,
a radius of 250 mm. . . . The remarkable fact, therefore, remains,
that with absolute equality of the curves in the section of the vertebral
column in question the smaller preparations have a velatively flatter curve
than the greater.” This uniformity of radius for the intermediate arc
I have not only failed to obtain in my own tracings, but also in the
reduced outline figures which illustrate Professor Merkel's Paper; and
I may mention, that in the latter I have tested this point both by the
examination of the axial curve, and also by the examination of the curve
formed by the line joining the anterior angles of the vertebral hodies.

It is true that the average length of the radius presented v the axin/
curve of the three middle lumbar vertebre of Professor Merkel's figures
is 256 mm.; but it varies considerably in the different spines. The
determination of the radius of the curve formed by the anterior faces
of the same three vertebrae is a much more difficult matter, on account of
the varying degrees of development of the vertebral bodies; but it
appears to me that, whilst the average radius is very much that which has
been given by Merkel, there are, nevertheless, considerable differences in
this respect in the different spines.! Unless corresponding points are
taken in each spine, from which to calculate the radius, the uniformity
which results cannot be regarded as having any weight.

And now let us examine the results which have been obtained by
Horner.* Although he deals with the curve formed by the anterior face
of the column, it is, nevertheless, interesting to compare this with the

| Having submitted this difficulty to Professor Merkel, he was so courteous as to send me
his original full-size drawings. An examination of these confirme the opinion which I have
expressed above.

# Miiller's “* Arehiv.” 1854.
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axial curve as obtained in the manner I have described. It must be
borne in mind, however, that Horner, in hiz endeavour to arrive at
the curvatures of the column as they exist in life, placed the spine under
totally different conditions. He includes the two upper lumbar vertebra:
in a section of the column which extends from the upper boundary of the
ninth dorsal vertebra to the lower border of the second lumbar vertebra.
The vertebrse lying within these limits he believes *form an almost
completely straight line.” The lumbar vertebrae i, 1v., and v. constitute
a second section, which represents the medium of movement between the
lever-arm formed by the first section and the sacrum, and he compares it
‘ to the carpal bones between the stiff metacarpus and the forearm.”

It is possible that the anterior faces of the vertebrae which compose the
first section may be bounded under certain conditions by a straight line ;
but it can be easily demonstrated that in no case do the axis lines of two
contiguous vertebrme coineide: if prolonged, these lines invariably cut
each other at an angle of greater or less magnitude. DMerkel, in his
criticism of Horner’s work, very justly throws doubt upon the view that
the greatest freedom of movement is obtained in the lumbar region below
the second lumbar vertebra. He considers that the most unrestrained
movement can be obtained rather at a point between the lumbar and
dorsal vertebrsz on the one hand, and between the lumbar vertebrse and
the sacrum on the other. The fact that the point of inflexion is placed in
the disc between the dorsal and lumbar regions favours this view.

But Horner further holds that the three vertebree which he includes in
the second section (viz., the third, fourth, and fifth lumbar), and which
he considers essentially to be “ the supporters of movement,” are placed
in such a position that they constitute the arc of a circle. Certainly, the
axial line passing through them cannot be considered as such, and Merkel
states that by his method he was not able to obtain such a curve for the
anterior surface of this section of the spine.

(8]
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Development of the Spinal Curves.—The statements which have been
made upon this subject by the numerous observers who have studied the
condition of the spinal form in the embryo and new-born child are at
utter variance with each other. The writings of Horner, Parow, Cleland,
Bouland, Balandin, Ravenel, and Charpy, deserve speecial attention.

To Horner the credit is due of being the first to carefully study the
form of the vertebral column in the feetus. The rvesults of his investiga-
tions were published in 1854." He says—* We know that the outline of
the vertebral column in an embryo of a few weeks forms a straight line;
that in the 5-6 months feetus the projection of the promontory, the
bending of the sacrum—which later possesses the most distinet curve—
are still almost nil.  Also the new-born child shows in its vertebral column
relationships which deviate so distinetly from those of the adult, that
already this difference is sufficiently great to show fully the significance
of those factors (musecle activity and gravity), and the necessity of an
investigation of their influence. But that the vertebral column of the new-
born child is no longer straight can surprise no one who considers that
muscle traction exercises its influence in the mother’s body.” He gives an
outline of the vertebral column of a new-born child, and in this traces of
all the curves are distinctly visible. In estimating the differences between
this and the spinal form of the adult he makes the fatal ervor (as Balandin
points out) of giving the pelvis of the new-born the same inclination
which Meyer gives the pelvis of the adult in the erect attitude.

According to Parow?® (1861), the dorsal concavity is the first curve
which appears, and this is determined by the position of the feetus in the
uterus, and also by the connexion of the dorsal column with the thoracie
walls. Even at this early date he appears to consider that the costo-
sternal connexions keep the dorsal column in a state of tension. The
accuracy of this view has been already discussed (p. 47). The cervical
curve, he states, makes its appearance when the child raises its head ; and
with regard to the lumbar region he observes: “ The already indicated
convexity of the loin part of the new-horn child must become more strongly

! Miiller'a © Archiv." ' Virchow's * Archiv.”
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pronounced under the influence of the weight of the head and upper part
of the trunk.”

In 1863, Professor Cleland, in a Paper communicated to the Biologieal
Section of the British Association,’ brought forward some entirely new and
highly important points in connexion with the vertebral column of the
new-born child. He demonstrated the influence which is exerted by the
position of the lower limbs upon the form of the vertebral eolumn, and the
degree of inclination of the pelvis; and exhibited two drawings of mesial
sections of new-born children. OF these, the one showed the condition of
the vertebral column when the head is depressed upon the chest and the
thighs are flexed, whilst the other represented the changes which are pro-
duced in the spinal form when the lower limbs are brought into a line witl
the trunk and the head raised. These tracings he has been so good as to
place at my disposal. In the first, the vertebral column down to the sacrum
forms one deep concavity; in the second attitude ‘“the limbs eould only
be made to lie straight with the trunk by bending the pelvis back, so as to
develop the lumbar convexity forwards of the column. Thus the straighten
ing of the limbs when the child begins to walk is shown to be affected, not
by mere motion of the hip-joint, but by development of the lumbar con-
vexity of the vertebral column. In the drawing of the stretched body the
brim of the pelvis is vertical ; in the other drawing it is 52° removed from
being in a straight line with the lumbar vertebrze immediately above it.”

Dr. Bouland’s Paper® upon this subject appeared in 1872. In esti-
mating the curves in the new-born child he adopted a method of
investigation which was altogether inappropriate for the purpose, and
therefore his results cannot be regarded as possessing much value. At
this period of its development the spine is extremely flexible : the slightest
touch is sufficient to bend it in any direction, and therefore the most
delicate manipulation is necessary to determine its natural curvature.
Bouland removed the head, limbs, viscera, and soft parts, leaving only the
thoracic walls and ligaments in position. He then, following the methaod
of Weber, embedded the spine in plaster of Paris and divided it in the

! Proe, Sect.,™ 1863, p. 112, ¢ Journ, de I"Anatom. ¢t Phye” Paris, 1872,
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mesial plane with a saw, Infants of from five to six months, and children
of three years old he treated in the same way. We need not be sur-
prised, considering his plan of investigation, that his results, in so far as the
lumbar region is concerned, were variable. In most cases the lumbar curve
was absent both in the new-born child and in the infant of five or six
months; but in cerlain cases it was observed to be established in both.
The cervical and dorsal curves he found in a well-marked form at each of
these periods.  * During the first year the spine appears to retain the same
configuration, but towards the end of the seecond year the lumbar curve
commences to become more frequent. To start from this epoch, the
vertebral column presents, in the majority of cases, the three curves which
are present in the adult; at length, towards the fifth year, the spine
presents all its antero-posterior flexures.” His observations regarding the
cervical eurve are vitiated by the fact of his having removed the head.
As we shall see further on, this flexure in the new-born child is entirely
dependent upon the position of the head in relation to the anterior chest
wall. The oceasional lumbar curve, which he describes in the new-horn
child and five-months-old infant, was, no doubt, produced by a tilting
back of the pelvis in the process of embedding in the gypsum.
Without doubt, the most important observations upon the development
of the spinal eurvatures are those by Dr. Balandin,' of St. Petersburg :
and yet it must be admitted that he has brought forward little that is
absolutely new. He confirms and extends the information which is given
by Parow upon the origin of the cervical and dorsal eurves, and corrects
the views of this author in regard to the lumbar curve. Unfortunately, he
was unaequainted with the observations of Cleland, which appeared ten
years prior to the publication of his Paper in 1873 ; for he states, as a new
and prominent fact—a fact, indeed, upon which a great part of his research
hinges—the influence which the position of the lower limb exerts upon the
moulding of the lumbar curve. The following is a brief account of the
results which he obtained in the course of his very elaborate investigation.

' Beitrige zur Frage iiber die Entstechung der physiologischen Erviimmung der Wirbelsaiile
beim Menschen.” Virchow's * Archiv." 1873
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The dorsal curve is the first to make its appearance. It may be
observed in an embryo of two months, but it does not consolidate until
the fourth month. Balandin is in some doubt as to the causes whicl
operate in the production of this primary curve, and gives, perhaps,
undue importance to Parow'’s views in connexion with the relation of
the thoracic walls to the spine. Much more likely it is due to the
arowth of the viscera. In the new-born and mature infant he holds that
the eervical part of the column is straight, whilst the dorsal and lumbar
portions, from the seventh cervieal to the fourth lumbar vertebra, form «
continuous concavity. At other times two concavities exist, viz., from the
seventh cervieal to the ninth or tenth dorsal vertebra, and a second flatter
one from the tenth dorsal to the fourth lumbar vertebra. In some cases
he observed the lower section to be in a straight line. The fifth lumbar
vertebra *‘ always exhibits a deviation towards the pelvis.” It is a curious
fact that he found the dorsal curve in the feetus more stable than in the
new-horn child.

The same author believes that the origin of the cervical and lumbar
curves is associated with the straightening of the body, from the bent
position of the new-born child. Two stretchings take place at different
perinds, and in different situations. By the first the head is raised, the
visual axis is brought parallel to the horizon, and the chin leaves the chest.
This, as a rule, takes place at the third month, when the child is placed
upright in the nurse's arms, and its result is the appearance of the cervical
curve ; at first this curvature is evanescent, but about the fifth month
it consolidates.

The lumbar eurve is the consequence of the second * stretching,”
which consists in the attempts which are made by the child to bring the
trunk into a line with the thigh. This occurs at the end of the first year,
or at the beginning of the second year, of life ; or, in other words, when
the child begins to make attempts at walking. The lumbar curve is long
of consolidating.  Balandin examined it in different subjects at the tenth,
twelfth, sixteenth, and twentieth year, and found that by stretching the
column he could cause the convexity to disappear. He considers, there-
fore, that it does not become absolutely stable until adult life.

. P
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But how 1s it that, when a dead newly-born child or a feetus is placed
on its back, the forcing of the thighs into a line with the trunk produces
so marked a change in the inelination of the pelvis, and at the same time
leads to a convexity forwards of the lumbar part of the column? Balandin
goes into this point very fully, and he comes to the conclusion that the
factor at work is the ilio-femoral ligament. He asserts that when this
structure is divided on both sides, no movement of the limbs will alter
the position of the pelvis or the form of the lumbar column. In
moving the fully-flexed thighs of an infant in a recumbent attitude,
s as to bring them into a line with the trunk, the first part of
the movement oecurs at the hip-joints; soon, however, the extension
is brought to a close, by the ilio-femoral ligaments : the femur and
pelvis now move en bloc, and the spine becomes curved in the lumbar
region.

[t is a very difficult point to decide whether the ilio-femoral ligament
i the child is relatively shorter than in the adult. With the ligament in-
tact, the thigh of the child has apparently the same range of movement at
ihe hip-joint as the thigh of the adult. But then, in the combined move-
ment of thighs and pelvis, which is required to bring the lower limbs of
the child into a line with the trunk, the pelvis assumes a greater degree of
obliquity than in the erect adult. As Cleland has shown, the brim of the
pelvis in this forced attitude is vertical, or nearly so; further, the
artificial lumbar convexity which is preduced is more prominent than the
natural curve in the adult in the proportion of 11 to 9. (Plate 111. female
fretus.)  This, perhaps, might be regarded as an indication that the
infantile ligament is relatively slightly shorter: although it is just pos-
sible that the hitherto unstretched ilio-psoas musele may also exercise
an influence in this direction. At the same time 1t 1z obvious that the
relative range of movement which exists at the hip-joint in the infant
and the adult, and the agents which influence this, can only be satis-
factorily ascertained by a study of the growth of the hip-joint. The
innominate bone, and the relation of the head and neck of the femur
to its shaft, undergo marked changes in their transition from the infantile
to the adult condition.
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Ravenel,' in his measurements of the spine, comes to the conclusion
that * the infantile vertebral column is a neutral form, which later on is
differentiated in a specific way”. In three newly-born children he found
that the anterior and posterior faces of the different regions of the column
were equal in length, and that consequently the new-born spine is devoid of
curvatures of any kind. We cannot place much reliance upon these mea-
surements, when we remember that the pliability of the flexible infantile
column was exaggerated by the removal of the neural arches. If it were
examined upon a flat surface, we need not be surprised that the measure-
ments of its two faces presented equal results.

Charpy * has given utterance to the most recent views on the develop-
ment of the spinal curves, and these are somewhat startling. He holds
that in the four-months feetus the dorsal curve is alone present; that in
the last months of gestation the cervieal curve becomes more and more
manifest, and that at the eighth month the lumbar curve may be recog-
nised. In spite of the  doubled-up” position of the feetus in the uterus all
the curves are developed before its birth. e says: I have always in the
new-born child verified the existence of the lumbar curve. It is, perhaps,
very feeble, but it is constant; its ‘fliche’ may be scarcely measurable,
but a thread streteched vertically renders the are manifest to the eye”.
Further, he considers that the lumbar curve remains rudimentary until the
child begins to walk, and that the type becomes fixed towards the fifth
year. He is evidently unacquainted with the important observations of
Cleland regarding the effect produced on the infantile lumbar column
by the straightening of the thigh; and we shall see later on that the com-
parison which he draws between the human vertebral column, at different
stages of its development, and that of the quadruped and anthropoid, is
altogether untenable.

Enough has been said to show how varied are the views of those
anatomists who have dealt with the development of the vertebral curves.

' Die Massverhiltnisse der Wirbelsaiile und des Riickenmarkes beim Menschen,”  Zeit-
schrift fiir Anat. und Entwicklungzgeschichte, 1877,
¢ Journ, de I"Anatomic ¢t Physiologie.,” Paris, 1885,
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This diversity of opinion has undoubtedly arisen from a failure to recog-
nize the important effect which the position of the limbs and the head
exerts upon the pliable columm of a fetus or mature infant. My own
work in this field has been limited to the examination of the embryo at
different stages of growth and to the newly-born child. The difficulty of
obtaining material rendered it impossible for me to push my inquiries
further. Still the field was wide enough to enable me to arrive at very
definite conclusions as to the order and manner in which the curves ap-
pear, and also as to their relation to the intra- and extra-uterine periods of
life. The method which I employed for the three new-born infants which
I examined was that of freezing the entire body, and then making a mesial
section by means of a fine saw. In each case the child was frozen on its
back, with its head and limbs in a given position. The embryos were
hardened in spirit, and then divided with a sharp knife in the mesial plane.

In the very young embryo the vertebral column, or, I should rather
zay, the parts which represent it at this early stage, are bent in the form
of a single arch, with the concavity to the front. The curvature in the
lower portion, which corresponds to the sacral and the coceygeal regions,
is more abrupt than above, and thus the extremity of the segmented
column is turned up in front of the lumbar region like a hook. This con-
dition can be seen in the beautiful drawings which are given by Profes-
sor His in his work entitled, “ Anatomie menschlicher Embryonen.” A
second curve soon makes its appearance, and this is aceomplished by the
bending back of the sacral and coceygeal portions of the column,  The ver-
tebral column now presents two curves—both concave to the front—viz.
an upper curvature, which involves the cervical, dorsal, and lumbar
regions, and a lower sacro-coceygeal concavity. These increase in depth,
but no further flexure of the spine takes place so long as the feetus is
retained i wfero.  Fig. 7, D (p. 76) represents a full-sized tracing of an
embryo, 46 mm. long, in which both of these flexures are exhibited.
The long upper concavity, according to Gegenbaur,' may be looked
upon ‘‘as an adjustment to the less stretched-out ventral parts of the

!4 Lehrbuch der anotomie des Mensclen,”



Fullaize tracings of the vertebral column of two embryos, of different pericds of growth, eut in
the mesial plane :—
A. Embryo, . ! . . . 153 mm. in length.

B, Embrys, . . el . 122 mm. in length.

In both the promontory is evident and the two initial curvatures apparent.

(10%]
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body,” and no doubt it is also partly due to the growth of the viscera.
Later on it is maintained by the position which the foetus assumes in ufero.

E

Fio. 7.

The woodeuts vepresent full-size tracings of mesial sections of three embrvos of difforent periods of
development 1 —
. Embryo, 87 mm. in length: the promontory is quite apparent, and the two concavities
of the column very evident.
D. Emhbryo, 46 mm. in length : two curvatures are visible, but the promontory is just
beginning to make its apparance.
E. Embryo, 27 mm. long. The long upper curve is present, but not the sacral, Btill, even
bere, a tendency to & backward inclination of sacrum is seen.  The section was not
vory successful.  The spocimen was one which I found in the stores of the Trinity

College Museum, and it had not beon hardened properly. It was, therefore, impossible
to obtain an accurnte outline of the body. The form of the vertebral column, how-

ever, is fairly well reprodwsced.

The demarcation between the sacrum and the upper part of the

vertebral column is foreshadowed at a very early period—very much earlier
indeed than Horner would have us believe. A feeble, but distinet,
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promontory, caused by the bending back of the sacrum from the line of
the rest of the column, is evident in embryos of 70 mm. long. But
even before this stage of development the backward sweep of the pelvie
part of the column can be detected: in these early stages, however, the
transition is gradual, and no promontory is visible. This ean be seen

in fig. 7 p, which represents an embryo 46 mm. long; and even in fig. 7 &,

which shows the spinal form of an embryo only 27 mm. long.

In the new-born child, when it is laid upon its back with its head
flexed so that the chin rests upon the chest, and with the lower limbs
lying easily and without restraint, two concave curves are alone visible,
as can be readily proved by freezing an infant in this attitude, and then
dividing it by a saw in the mesial plane. The first curve, which extends
from the summit of the spine to the last lumbar vertebra, shows a gentle
and continuous concavity to the front; the second curve is the sacral curve,
and both are sharply marked off from each other by a feeble promontory.
It is true that I have only examined one child in this posture, but I am
confirmed in my views by one of the tracings which Professor Cleland has
so kindly put into my hands. This represents the mesial section of an
infant in a similar attitude. The only difference is, that in his drawing he
represents the dorsal concavity as being deeper than I have seen it.  This
is probably due to the fact that he examined the child while placed upon
its side. Balandin states that in all cases he found the fifth lumbar ver-
tebra deviated towards the sacrum. I have not observed this, and cer-
tainly it is not the case in Cleland’s drawing.

If the head of the child is now raised so as to cause the chin to leave
the chest, a change of form in the vertebral column is seen to take place
in the cervical region.' This corresponds to ““the first stretching” of
Balandin. The cervical column now shows a gentle convexity to the front.
Fig. 1, Plate 1. represents the reduced tracing of the mesial seetion of
a child frozen in this attitude. The dorso-lumbar eoncavity still remains:
the only change is in the neck. As we have seen, Balandin fixes the
date of the first appearance of this curve at the third month, and econ-

! This can also be scen in the young embryo. Raise the head, and immediately a eervical

CUrVE Bppears,

[



78 Cunningham Memaoirs,

siders that it consolidates in the fourth and fifth months. It is true that a
child does not raise its head for a short time after birth, but still the curve
will oceur in a transient manner every time its head falls over the arm of
1ts nurse.

In Plate 1., Fig. 2, a reduced tracing iz given of the mesial section
of a child which was frozen on its back, and with its thighs foreibly ex-
tended, and retained in this position by long pins thrust through the knee-
joints so as to nail them closely to the board upon which the infant was
Iying. The head was allowed to assume the position most natural to it,
and this was a position in which the chin rested upon the chest. The cer-
vical and dorsal columns form one continuous concavity to the front, whilst
the lumbar region is arched forwards in a most remarkable way. This
attitude represents, therefore, the * second stretching ™ of Balandin—a
stretching which takes place when the child begins to make attempts at
walking. Reference has already been made to the probable factors at work
in producing this extraordinary tilting back of the pelvis, and consequent
arching forwards of the lumbar column, so we need not enter further upon
this point. It is certainly a very beautiful provision for the determination
of the lumbar curve in the proper direction.

Cleland’s representation of the mesial section of a child in this atti-
tude shows a position of the pelvis almost identical with that figured
in Plate mr., but the lumbar column is not bulged forwards to the same
extent.

Balandin is probably right as to the period at which the lumbar curve
consolidates.  Certainly Bouland and Charpy give for this a much too
early date. Dr. Symington, at the meeting of the British Association held
in Aberdeen (1885), exhibited drawings of mesial sections of a boy of six
years old, and a girl of thirteen years old, and in both of these the curve
is feebly marked. Although his work upon “ The Topographical Anatomy
of the Child,” is not yet published, he has kindly allowed me to introduce
reduced tracings of the spines as exhibited in his drawings (Plate ur. girl,
aef. 13 ;5 boy, aet. 6).

In the forced lumbar eurve exhibited in Plate nr (female child), the
dorso-lumbar point of inflexion is in the intervertebral disc between the two
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regions. Balandin remarks that the younger the feetus the higher is this
point of inflexion, and the greater, therefore, is the portion of the dorsal
region which is involved in the lumbar curve.

From what has been said, we may therefore conclude that the eervical
and lumbar curves are secondary, and that they are first ealied into exist-
ence by muscular action : the muscles which raise the head give the initia-
tive to the cervical eurve, and the great mass of the multifidus and the
erector spinae, which draws the upper part of the trunk backwards into a
line with the thigh, when the child first begins to make efforts at standing
ercet, performs a like office in the case of the lumbar eurve.! Of course in
producing the artificial lumbar curvature, which is figured in Plate 1.
(female foetus), by the straightening of the lower limbs, the process
is the opposite of what takes place in life, inasmuch as it is the pelvis
that is tilted backwards upon the spine by the bending of the lumbar
region, and not the spine upon the pelvis: in both ecases, however, the
result is the same.

The relative Length of the Lumbar portion of the Spine.—Luschka® and Hyrtl,
both state that the lumbar portion of the vertebral column is relatively
somewhat longer in the female than in the male; but they do not enter
into any particulars as to how they have established this fact, nor do they
give the amount of the difference between the two sexes. Having tested
the accuracy of the statement by measurements instituted upon the frozen
spine, I am in a position to corroborate it. The following Table gives the
relative lengths of the three regions of the spine, taking the standard 100
as representing the total length of the vertebral column when measured
along its fore-surface.

! Merkel believes that the lumbar curve is produced by the unequal growth of the neural
arches and vertebral bodies.  The rate of growth of the bodies and intervertebral dises is
much more rapid ihan that of the arches, and as a consequence the lumbar convexity is developed.
Ag we have seen, the explanation of the manner in which this curvature springs into existenee i
much more simple,

T o Thie Anatomic des Menschen.' ¥ ¢ Lohrbuch der Avpatomie,”
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RELATIVE LENGTH OF DIFFERENT REGIONS OF THE ADULT VERTEBRAL
COLUMN. FORE-SURFACE OF ENTIRE COLUMN = 100.

i MALES. FEMALES. |
| e S AR - — o —— - - (|
| Ko of | [ No. of | |
l 5 ,‘;:],3 in Cervical Droreal Lumbar Sp::;:r.- in Cazn_'im] Dhoreal Lumbar
| Plate . | region. | region. | region. Platen. | region. | region. | region.
No. 1, 23-3 | 454 324 No. 1, | 212 | 4 | 310
Ko.2, | 222 463 | 3l Ko. 2, 2.l | 4b 331
i Yo. 3, | a1 | 467 I 31-2 No. 3, | 219 | 435 3
¥o. 4, 213 46-9 318 No. 4, 2046 i 166 sz |
.l No.5, | =16 46°8 316 Ko, 5, 230 460 310 |
| Ko.B | o0 480 | 320 T L | Lo i
Avernge, | o218 44-5 a1-7 | Average, | 216 45-8 | a2-5

The average difference in relative length of the lumbar region in
the males and females is therefore—

317, males,
328, females.

And the inereased length in the female is accompanied by a corresponding
shortness of the dorsal region, viz.,

46-5, males,
458, females.!

If we measure from the central point of the upper surface of the first sacral
vertebra—(a) to the central point of the upper surface of the first lambar

' Sinee writing the above I observe that Acby, in his Paper upon * Die Altersverschicden-
heiten der menschlichen Wirbelsaile " { Arch. fiir Anat. und Entwick, 1879), although he states
in his text-book that he could find no essential differcnce in this respect between the male and
female, gives the measurements of thirteen adults of both sexes, and these agree in the most
remarkable manner with the results in the above Table, The following are his figures :—

Lumbar region. Dorsal region.
Males, . g g : 2 g 313 . g G i 46°6

Females, ‘ 5 3 ; ; 32-8 i 5 : . 457
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vertebra, and then—(3) to the tip of the odontoid process, and compare
the measurements obtained, we find for the spines figured in Plate 11. the
following results:

Males, . / ; p . ; . 303

Females, . 310

The relative difference in the length of the lumbar segment of the spine
in the male and female is in this case somewhat reduced, and this re-
duetion is due to the greater degree of curvature in the female.

Topinard,' from measurements of a large number of ** colonmes montées
et munies de leur disques,” gives the relative length of the dorsal region
to the lumbar region as 3 to 2. This is a fairly accurate estimate, and
it speaks well for the skill with which the skeletons he examined are
mounted.

In the newly-born child the proportions which are exhibited by
the different regions of the vertebral eolumn are very different from
those of the adult spine. The lumbar region is relatively much shorter,
whilst the cervical and dorsal regions are both relatively longer. Aeby
was the first to point out this peculiarity of the infantile spine, and he
gives the following figures, based on the measurements of five new-horn
children :—

Cervieal region. Dorsal region. Lumbar regioan.

25°6 475 268

The results which I have obtained by measuring the frozen spines
uf three infants are almost identical with those of Aeby, viz.:—

Corvical region. Dorzal region. Lumhar region.
25°1 485 264

The following Table gives the proportions of the different regions
of the spine in three foetuses of different periods of development: —

t ¢ Ties apomalies de nombre de la colonne Vertébrale.” Revue d'Anthrop. Pars, 1877

EOTAL IBISH ACADEMY.—CUNNINGHAM MEMOLRS, ¥0. IL [11]
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RELATIVE LENGTH OF DIFFERENT REGIONS OF SPINE IN THE FETUS.
FORE-5URFACE = 100,

| ! Cervical region. | Dorsal region, ‘I Lumbar regiom.
| A.~—Feetus 153 mm. io length, as
measured from the summit of s i 258
the head to tho opposite ex- i bl
tremity of trunk,
1
B.—Fotus 122 mm. in length, mea- !
sured in same manoer a; A, } dat hiels o
C.—Fwxtus 87 mm. in length, mea- 4 . w4 " |
eured in snme manner as A, } 244 473 283

From this it would appear that the lumbar region in the very young
fetus has a proportionate length, which approaches more closely to that
of the adult than that of the more fully developed fecetus or the new-
born child. Further investigation, however, would be necessary to
confirm this point. Still, the bodies of the lumbar vertebrse at this
early period, so far as the eye can judge, seem long and narrow in
comparison with those of more advanced specimens: they present a shape,
indeed, which recalls somewhat the appearance of the lumbar vertebrz
of certain of the lower apes.
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Axtaroroid APES.

The condition of the lumbar column in the anthropeid apes must now
claim our attention. Most observers deny the existence of the lumbar
curve in all animals, save man.

Goodsir," in his lectures upon * The Dignity of Man,” states that ““in no
form of animal vertebral column are the secondary curvatures so highly
developed as in the human, and no animal possesses the lumbar curvature.”
Sir William Turner * is equally positive, and asserts that *“ in the human
spine alone are the lumbar vertebre convex forwards.” Sir Richard Owen
expresses no opinion upon this point, in so far as the chimpanzee and
gibbon are concerned ; but he denies the presence of the curve in the
gorilla, and in the orang. With regard to the first he says:— The
whole series of true vertebrae in the gorilla form but one curvature, which
is slightly coneave forwards, especially in the dorsal region;® " and of the
vrang he remarks that “ the entire vertebral column has one general curve
dorsad, from the altas to the commencement of the sacrum, where there is
a slight curve in the contrary direction.'”

According to 8t George Mivart® “ the beautiful sigmoid curve formed
by the dorsal and lumbar vertebre of man exists in no other species; but
the nearest approximation to it is found not in the highest apes, but in the
Cynocephalus.”  He rvepeats this statement in his treatise entitled * Man
and the apes.” Professor Macalister® is of opinion that *“ the eurves in the
spine of the apes exactly correspond to the curves in the spine of an ex-
ceedingly young human infant, and they never assume the adult human
curye.”

1w Amatomical Memoirs of John Goodsir " = edited by Turner,
*  Introduction to “ Human Anatemy,'” vel. i.

o Comprrative Anatomy and Physiology of Vertebrates," vol, ii.

¢4 Dgteology of the Chimpanzee and Orang-utan.”—Trane. Zool. See. 1835,
&4¢ Axinl Bkeleton in the Primates.”"—Proe. Zool, oo, 1865,

¢ & Diseonrse delivered before the Royal Dublin Seciety.” 1862,

(1]
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Professor Aeby' discusses this question at some length; but the pre-
mises upon which he proceeds are utterly erroneons. It would be well to
quote his own words. He says:—* The curvatures of the human vertebral
column are, it is known, the result of its elasticity, when under weight.
In time, however, they lead to a permanent transformation of the vertebral
bodies, and, as I have already shown elsewhere, by measurement, they effect
a wedge-like diminution of these towards the concave side. The process
is a mechanical one, and there is no doubt but that the laws by which it is
governed are of equal foree when applied to every vertebral column as well
as to the human one. On these premises I maintain that in the ease of the
spinal column of the gorilla the form of the vertebral bodies permits us to
draw a conclusion as to the spinal curves, and also to determine the direc-
tion in which the column is bent. . . . The difference in height of the
vertebral bodies in man and the gorilla are so great and so characteristic
that their value is of typical interest. In man the wedge-like diminution
in front extends from the fifth to the twenty-first; in the gorilla from the
sixth to the twenty-fourth vertebra, 7. e, in man from about the middle of
the neck to the middle of the lumbar region; in the gorilla, however, to
the lower end of the lumbar region. The lower true vertebrse, therefore,
preserve with striet exactness the characters of their fellows higher up,
whereas it is just the opposite in man. The difference is too manifest to
allow the contradictory proof of some individual case, or to expect a
compensation from the shape of the intervertebral substance. In other
words, the characteristic curvature of the loins in man is wholly wanting
in the gorilla. Its vertebral column, as Owen has shown, extends in an
uninterrupted curve conecave to the front down to the sacrum; and Huxley
is surely wrong when he gives it a curvature similar to that of man.”
Aeby likewise gives the measurements of the lumbar vertebrz of two
gibbons, and comes to a similar conclusion in respect to these members
of the anthropoid group.

We have already seen enough to be aware that the argument which
Professor Aeby uses in support of his assertion that the gorilla is destitute

!¢ Beitriige zur Osteologie des Gorilla,"—Morph. Jahr., vol. iv.
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of a lumbar curve is utterly valueless. Many of the lower races of man
show a condition of vertebrae closely analogous to that of the gorilla, and
we know that in certain of these races the lumbar eurve, so far from being
absent, is indeed exaggerated. Further, the vertebre of the chimpanzee
are much more wedge-shaped (with the broad end backwards) than the
vertebrae of the porilla, and, as we shall see later on, the former animal
possesses a very evident lumbar convexity. In short, everything goes to
prove that the intervertebral dises alone are quite sufficient of themselves to
build up a lumbar convexity, even in cases where the vertelwal bodies are
shaped in a fashion :n'.tugn;uﬁsti{: to the corvee. [ am even inclined to
believe that once the direction of the curve is determined in such a case,
the greater amount of elastic material in the column is likely to lead to
an exageeration of the curvature. This would account for the increased
lumbar curve in the Hottentots and the other low races in which it has
been stated to exist.!

Dr. Adolf Pansch? in his lectures to advanced students, makes a very
decided assertion regarding the lumbar curve. He calls it * the charac-
teristic badge of the upright human attitude,” and he goes on to say
that if we investigate the matter even in the gorilla and chimpanzee, when
they walk upon their lower limbs, we will convinee ourselves that * they
have no proper loin curve, and also that they have no proper upright walk.”

And now let us look at the statements that have been put forward
upon the opposite side of this question. Three anatomists, viz. Huxley,
Broea, and Topinard, have advocated the presence of a lumbar convexity
in the anthropoid ape; Dbut in several points these observers are not
gquite in aceord with each other in this matter.

Huxley * was the first to give definite information regarding the lum-
bar curve in the anthropoid apes. In 1863 he writes as follows:—
“The vertebral column of the gorilla as a whole differs from that of
man in the less marked character of its curves, especially in the slighter

! The same might acconnt for the very distinet enselfire lombo-sacrée in o child when standing
erect—a condition which disappears at oucee when the ehild assumes the horizontal position,

4 Anatomische Vorlesungen " —Theil, 1. 1884, p. 44,

¥ Man's Place in Natwme.” L8563,

——




A6 Cunningham Memoirs.

convexity of the lumbar region. Nevertheless the curves are present,
and are quite obvious in the young skeletons of the gorilla and chim-
punzee, which have been prepared without the removal of the ligaments.
In young orangs similarily preserved, on the other hand, the spinal
column is either straight, or even concave forwards throughout the lum
bar region.” In his work upon the * Anatomy of vertebrated animals,”"
he eompares the dorso-lumbar portion of the column of the orang to
that of a new-born child, and repeats his statement as to the’ corre-
spondence of curvature in the gorilla, chimpanzee, and man.

But the examination of skeletons, whether natural or artificial, is
not calenlated to convey absolutely correct information upon a matter
so difficult to appreciate as the exact amount of spinal curvature in a
siven animal; and, therefore, we need not be surprised that Huxley
makes the remark that “the question of the curves of the eolumn in
the apes requires further investigation."”

Broca differs from Huxley in so far that he denies the presence of
a lumbar convexity in the gorilla. The dorso-lumbar region, according
to this authority, forms a continuous coneavity; or the last two lumbar
vertebrie may Dbe straight, and be related to the column above in the
same way that “the handle of a vine-knife is related to its blade.”
In the orang he limits the lumbar curve to the last lumbar vertebra, and in
the chimpanzee to the lower two lumbar wertebrze: above that level
in each the lumbar vertebrse participate with the dorsal vertebra in
the formation of a continuous concavity. Further, Broca states that
among the anthropoid apes the gibbon possesses the most perfect lumbar
convexity —the saimang only differing from the human type in the
degree of curvature. Indeed, the convexity occupies the entire extent
of the lumbar region. In the Hylobates agilis, and in the gibbon of
Raffles, the lumbar curve is not quite so strongly marked, but it succeeds
the dorsal eurve at the same level

Topinard, in his work on Anthropology, follows Broea closely in the
views which he has expressed upon the spinal eurvature of the anthropoid
Hi]eﬁ.

11882, p. 404
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The Gorilla.—The only evidence which I have to offer regarding
the lumbar curve in the gorilla is that which is afforded by an examina-
tion of the macerated vertebrae. I found it impossible to obtain the fresh
spine of a specimen of this ape.

The lumbo-vertebral index of the gorilla approaches more closely
to that of man than the corresponding index of either the chimpanzee
or the orang. Indeed in this respeet it is only removed from the
lower races by the high index of the last lumbar vertebra. On this
account I am inclined to helieve that in the gorilla the lumbar con-
vexity must be highly developed. It is true that we have noticed
that the lumbo-vertebral index is by no means a sure and safe guide
to follow in drawing inferences in regard to the curvature of the lum-
bar region ; but that it has some value is shown by the fact that
in the European spines the lumbo-vertebral index was found to have
a general correspondence with the degree of convexity. Moreover, in
the gorilla the last lumbar vertebra approaches more closely the shape
of that of man than the corresponding vertebra in any of the other
anthropomorphic apes, and this appears to me to be a fact of some
significance.  Still, in view of the opposite and contradictory statements
of Broea, Owen, and Huxley, it must be admitted that the question
of the lnmbar curve in the gorilla can only be satisfactorily determined
by the examination of a fresh specimen by the method I have adopted
for the other apes.

Chimpanzee.—In the prosecution of this investigation I have been so
fortunate as to secure four chimpanzees very shortly after their death.
The two largest specimens—a male and a female—I purchased from Mr.
Cross of Liverpool ; another female I received from the Council of the
Zoological Society in Ireland, whilst the remaining specimen was pre-
sented to me by Dr. William Fraser of Dublin. None of these specimens
had attained maturity.

Three of these chimpanzees I divided in the mesial plane with a
saw, after they had been thovoughly frozen. In each case the animal
was placed on its back in a zine box. Great care was taken to have
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it properly straightened, so that the wvertebral column might be cut
vxactly in the mesial plane in all its length. By driving a long pin
into the interval between the two central incisor teeth of the upper
jaw, a second pin into the middle of the sternum, and a third into
the centre of the symphysis pubis, and stretching a string between
the projecting parts of the pins, the body could be very accurately
adjusted. No support whatever was given to the back, and the limbs
were allowed to lie naturally, and without restraint of any kind. The
latter precaution, as we shall see later on, is a matter of great import-
ance. The box was now placed in the freezing mixture, and it was
found to be necessary to allow it to remain in this for about seventy-
two hours to obtain a satisfactory result. The bushy hair of the animal
tended very much to delay the process of freezing.

The section of the male was very successful; the vertebral column
was cut as nearly as possible in the mesial plane, along its whole length.
In plate ni. (Troglodytes niger; male No. 1), a reduced tracing of the
ent surface is given. Figure 3, plate 1x., which is taken from a photograph
of the animal after it was eut, and while still in the frozen condition,
shows the line of the section, and also the position of the trunk and
limbs. In front the section is not accurately in the middle line, but
the deflection is so slight that it did not materially affect the section
of the vertebral column. Plates vir. and vir ave full-size coloured
lithographs, which were prepared from tracings of the cut surfaces of
the two sides of the section, while the body was still in the frozen
state.

The following were the dimensions of this chimpanzee:—

Lengthof trunk, . . . . . 20 inches.

From the summit of the head to the sole)
of the foot, when the lower limb was[
extended as far as it would go without » 28% inches.
using force (the thigh remained par-|
tially flexed), . - : - J
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The milk teeth were still in place. In all probability it was between
three and four years of age; but this is a point which is extremely difficult
to determine.

The female, which in Plate m1. follows the male (Troglodytes niger;
female No. 1), was apparently a little younger; its entire length was
271 inches, whilst its trunk measured 19} inches. Unfortunately, in
placing the box which contained it into the freezing mixture, the animal
was allowed to shift its position; it was therefore found impossible to
cut the entire length of the vertebral column in the mesial plane. Sui-
ficient, however, is divided for us to determine the degree of lumbar
curvature.

The third specimen was a very young female, which was rescued
from the hands of a bird-stuffer by Dr. William Fraser. When it
came into my possession it was completely flayed, and its head and
limbs had been removed. A very successful section of the trunk was
obtained, and the reduced tracing of the cut surface is given in Plate m.
(Troglodytes niger; female No. 2). The length of the headless trunk
was only 14 inches; so that it is not likely that this animal was more
than two years old.

The last specimen was a large female, 32 inches long. None of the
milk teeth were shed, and I believe that it must have been between four
and five years old when it died. This animal I did not consider it
necessary to freeze. Having removed the head and viscera, and cleaned
the anterior face of the vertebral column, I obtained a tracing of the
spinal curvature by means of a strip of ductile lead. This, on a reduced
scale, is given in Plate n1. (Troglodytes niger; female No. 3).

All these specimens came into my possession within twenty-four hours
after death, so that they were examined in a perfectly fresh condition.

A glance at the four tracings in Plate mn will be sufficient to
show that the spinal curvature of the chimpanzee, is very similar to
that of man, and what difference there is is chiefly to be found, not
in the secondary curves, but in the primary dorsal and sacral curves.
These are not so pronounced, and owing to the small degree of sacral
obliquity the promontory is altogether wanting.

BOYAL IRESH ACADEMNY.--CUNXINGHAM MEMOIRS, ¥0. 1L [12]
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Points of Inflection—The point at which the dorsal and cervieal
axial curves meet is the same as in man, viz. the central point of the
intervertebral dise, between the 2nd and 3rd dorsal vertebrse. In the
male chimpanzee (Troglodytes niger; male, Plate 111.), the point of demarca-
tion, between the dorsal and lumbar axial curves, is the central point
of the intervertebral dise, between the 12th and the 13th dorsal vertebrae ;
whilst in female No. 2 it is placed a little higher, viz. in the body of the
12th dorsal vertebra. Here again there is a close correspondence with
what we have already noticed in the human vertebral column. The lower
limit of the lumbar curve is different. Owing to the feeble obliguity of
the sacrum, the first sacral vertebra is included in the lumbar curve in
three of the specimens, whilst in the young female (No. 2) the two upper
sacral vertebrse enter into the construction of the curve. This constitutes
the essential difference between the lumbar curve of man and that of
the chimpanzee ; the upper limit of the curve is the same in both;
but, owing to the absence of the promontory, one or two of the sacral
vertebrae lie in the same line of axial curvature. But an approach to a
similar arrangement is occasionally met with in the human subject. In
Plate 11. the spine of a female (No. 1) is depicted, in which the first
sacral vertebra is included in the lumbar curve. Further, in the tracing
of the boy (ef. 6.) in the same Plate, it will be noticed that the first
sacral vertebra occupies a position which brings it very nearly into the
line of the axial lumbar curve.

Degree of Lumbar Cwrvatwre—Owing to the greater proportionate
length of the lumbar curve in the chimpanzee than in man, it is difficult
to compare the degree of curvature in each. Still if we exclude the
sacral part in the chimpanzee, and strike an index of curve, as we have
already done in the ease of the human spines, for that portion which
is composed of the lower five true vertebrz, we shall obtain sufficiently
accurate results. This index, which expresses the degree of curvature
of the anterior face of this section of the eolumm, is ealenlated, as we have
already seen, by taking the length of the section composed of the five
Jﬂ'l.‘l.'ﬂ!_‘ true T[_"]"tl_,‘])'['ﬂ! {!II{"HL"\-I[I'!'[‘E fl'll]!l ”Il:‘. centre ”f ”I{.’- ulll}ﬂr Eu]'fﬂlﬂ-ﬂ l}f
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the thirteenth dorsal vertebra to the centre of the lower surface of the
fourth lumbar vertebra) as the standard, and equivalent to 100, and
then comparing it with the distance between the intersecting line (see
tracings, Plate nir.) and the point of greatest prominence. The most pro-
jecting point in the male and in the young female (No. 2) was the
upper border of the third lumbar vertebra (corresponding in this respect
with the male human vertebral eolummn), whilst in female No. 1 the most
projecting point was the lower border of the second lumbar vertebra, as in
the human female. The following indices of curve were obtained :—

Male Chimpanzee, : : 5 = qH
Female Chimpanzee, No. 1, . . 87
Female Chimpanzee, No. 2, . . 10:0
Female Chimpanzee, No. 3, 3 . 2

These give an average index for the four specimens of 87, which
is very nearly the same as we obtained for the seven adult male human
spines figured in Plate m. (viz. 8:8), and tabulated in Table R., p. 27.

These results are very extraordinary, when we remember that none
of the chimpanzees which were examined had reached maturity ; indeed
it is very questionable whether the oldest of them was more than four
and a-half years old. It is still further strange that the youngest female
(No. 2), which certainly was not more than two years old, should have
the strongest lumbar curve (index 10). In the spine of the boy, figured in
Plate nr. (ef. 6), the curve index is 4°1; and in the girl (@f. 13) it is 6-4.

From these facts, therefore, we arve justified in concluding—(1) that the
lumbar eonvexity in the chimpanzee is apparently as pronounced as in the
adult human male; and (2) that the lumbar curve is established at a very
much earlier date. I am not aware if it is known at what age a chim-
panzee reaches maturity ; but there cannot be a doubt but that its growth
and development proceeds more rapidly than in the human child. At
two years old a chimpanzee is more advanced than a child of the same
age; and this, no doubt, is the reason of the earlier development of the
lumbar convexity.

[12¥]
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It is well known that the chimpanzee does not possess the power of
fully extending the thigh at the hip-joint. The limit of downward movement
of the thigh is reached when the femur forms with the axial line of the
trunk an angle of 131° open to the front; but if force be employed,
the limb can be brought into the same line with the trunk: in this case,
however, the movement is not at the hip-joint; the thigh and pelvis
move together, and the bending takes place in the lumbar region of the
spine, and the consequence is a great increase of the lumbar convexity.
In performing this experiment on female No. 1, after it had been divided
in the mesial plane, I found that not only did the convexity become mor:
pronounced, but that when the thigh reached a point where its axis line
corresponded with that of the trunk, the lumbar curve had involved the
dorsal region, as high as the 10th dorsal vertebra. This is interesting
when we remember that in the new-born child the bringing of the thigl
and trunk into the same line is attended with very similar results.

We may summarize the foregoing facts regarding the spinal curvature
of the chimpanzee thus:—

(1). The dorsal curvature is flatter than in man.

(2). There is no promontory, and a very small degree of sacral
concavity.

(3). The axial dorsal eurve is limited above by the central point
of the intervertebral disc between the 2nd and 3rd dorsal
vertebrae, and below by the central point of the dise between
the 12th and 13th dorsal vertebrm, or by the central point of
the 12th dorsal vertebra.

(4). The lumbar curve includes one or two of the sacral vertebrs.

(5). The lumbar convexity is developed at a very early period, and
is probably as strongly pronounced as in the adult human male.

(8). The axial line of the thigh can only be brought into correspondence
with the axial line of the trunk by bending the trunk in the
lumbar region, and thus increasing the lumbar curve until it
attains a degree much in advance of that in man.
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Urang-utan.—One specimen of the orang-utan I froze and ent in the
mesial plane, under the same eonditions as the three chimpanzees. It was a
yvoung female, which I purchased on the day of its death from Mr. Cross of
Liverpool. It possessed its full complement of milk teeth, and measured
28 inches from the summit of the head to the sole of the foot when the
lower limb was extended, so as to lie in the same line with the trunk.
Bischoff' reckoned the age of a young orang, which measured 60 em.
(23% inches), from the erown of the head to the heel, to be about
four years. The specimen under consideration would, according to
this computation, be at least five and a-half years old. I am very
doubtful, however, if it had attained that age.

A very successful section was obtained of this animal, and a reduced
representation of a tracing which was taken from the surface of the section
while it was still in the frozen state is given in Plate 1.

The statement which is made by Owen that in the orang there is but
one eurve, concave to the front, from the atlas to the sacrum, is seen to be
erroncons. Nor, as Huxley has asserted, can the vertebral curvature in the
orang, with truth, be compared with the eurvature which is exhibited in a
new-born child. It is likewise very different from what we find in the
adult human spine, and in the chimpanzee. A glance at the tracing, how-
ever, will be sufficient to show that it bears a striking resemblance to the
condition which is represented by Symington as present in a boy of six years
old (Plater.). There is the same sudden bend backwards in the upper dorsal
region, and the same almost straight condition of the lower dorsal and
lumbar regions. In the orang there is a feeble promontory and a sacro-
vertebral angle of 1587; in the boy the promontory is also very deficient,
and the sacro-vertebral angle 150°. And now, having noted these general
points of resemblance, let us look more closely at the spinal curvature as it
is exhibited in the orang fizured in Plate .

The cervical convexity is well marked, more especially in its lower
part, and the axial curve of this segment of the colummn, as in man and

b i TUeber das Gehirn eines Orang-Outan,” von Herr Prof. v, Bizchoff,  Sitzung. der math,
phys. Classe der K. Vayer. Akud, der Wissens, Minchen, vom. 17, Juni 1876,
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in the chimpanzee, passes into the dorszal concavity at the central point of
the intervertebral dise, between the 2nd and 3rd dorsal vertebre,

The dorsal curve may be said to be limited entirely to the upper part
of the region, and it is of a very abrupt nature; from the Tth dorsal
vertebra down to the cartilaginous dise, between the 1st and 2nd lumbar
vertebrae, the column is virtually straight. It is true that a close exami-
nation shows that no two vertebrse can be said to lie accurately super-
imposed, the one above the other; the axis lines of all the vertebrm, if
prolonged, cut each other, and the Tth and 8th dorsal vertebrm stand a
very small degree in front of those above and below ; but to all intents and
purposes we may regard this segment of the column as straight.

The Tnmbar eurve is reduced to a minimum ; but still it exists, and it is
not so restricted as Broea and Topinard would have us believe. It involves
the three lower lumbar vertebrse with the intervening cartilaginous discs.
The convexity is very slight, and, curiously enough, the index of curve is
identical with that of the spine of the boy fizured by Symington (Plate 1),
viz. 4'1.  The speecial points, then, which are noticed in connexion with
the vertebral column of the orang are :—

(1.) It resembles, in a striking manner, the spine of the boy, aged six,
which has been fizured by Symington.

(2.) The cervical eurve presents the same limits as in man and the
chimpanzee.

(3.) The segment of the column which succeeds this (viz., from dise
between the 2nd and 3rd dorsal vertebrse to dise between the
1st and 2nd lumbar vertebrae) presents an upper curved portion,
with the coneavity to the front, and a lower straight part.

(4.) The lumbar curve is feeble, and involves the lower three lumbar
vertebree, It resembles that of man in being cut off from the
sacrum, and differs from that of the chimpanzee in not including
the first sacral vertebrze,

(5.) There is a fecble promontory.

In the orang the mobility of the lower limbs at the hip-joint is very
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remarkable. It is a mistake to say that in man alone can the hip and knee-
joints be fully extended, so that the leg is bronght into a line with the
thigh, and the thigh into a line with the trunk. The thigh in the orang
can even be hyper-extended or dorsi-flexed, so as to form a very decided
angle (153°), open to the hack, with the axis line of the trunk, and yet pro-
duce no material change upon the condition of the vertebral column. The
foreible bending back of the thigh beyond this point brings about a manifest
increase of the lnmbar eurve ; in other words, the further dorsi-flexion of the
thigh ean only be effected by a bending of the column in the lumbar region :
and the further the limb is carried backwards the higher does the lumbar
curve extend up the vertebral colummn. It is a question how far this extreme
mobility of the lower limb at the hip-joint, as compared with the limited
range of extension at the same joint in the chimpanzee, can be said to be
associated with the feeble lumbar curve in the orang.

Gibbon.—The gibbon which I had an opportunity of examining was a
nearly mature female specimen of the wauwau (Hylobates agilis), which 1
purchased from Mr. Cross of Liverpool. With its lower limb extended as
fur as it would o without using foree, it measured ﬂ:lil't_}'-ﬂlll" inches from
the crown of the head to the sole of the foot. It was frozen and divided in
the mesial plane in the same manner as the chimpanzees and the orang.
The neck, unfortunately, was not accurately straightened before the freez-
ing, and in conscquence the saw passed through the cervical vertebrae a
short distance to the left of the mesial plane, so as to cut the bodies close to
their junction with the pedicles. The value of the section, however, was
not much impaired, as the curves of the column could be accurately made
out ; and as the deviation was due merely to a twisting of the vertebrm,
the head was cut as nearly as possible in the mesial plane.

It was with some interest that I examined the curves of this spine, see-
ing that I had been led to expect, from the :lﬂsr‘riptinn gi\‘on 1]}' Broea, a
lumbar eurve more highly developed than in any other member of the
anthropomorphic group. This is not the case, however: in this respect the
gibbon stands intermediate between the chimpanzee and the orang; but
with this difference, that the feeble curve of the orane, as well as the more
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strongly marked curvature of the chimpanzee, appear to be more firmly
stamped upon the vertebral column than in the case of the gibbon.

In Plate xn. a reduced tracing of the surface of the section of the
wibbon is given. The spinal form presents some points of similarity to
that of the boy (ef. 6) whose spine is figured in Plate 11.  The lumbar con-
vexity, however, is more prominent, and in this respect it lolds an
intermediate position between the spine of the boy and that of the girl
wt. 13, figured in the same Plate. The curve indices are as follows :—

Girl (ef. 13), . : ; : . . 64
Gibbon, . : ; ; ; : . 80
o g i S e 4 ] {‘
The lumbar curve involves the five lumbar vertebre, and 1
is cut off below from the slightly marked sacral concavity =
by a feeble promontory. J
Such was the condition of the spinal curvature when the j
zibbon is placed upon its back; but when it was laid upon .:I".

its side, after the section had been made and it had thawed, ‘1
a complete change in the curvature took place. This was il
brought about by the ligamenta subflava, which are developed j‘l
to an enormous extent, and more so in the lumbar than in ]
the dorsal or cervical regions. These ligaments, by approxi- il
mating the neural arches, caused the lumbar curve to extend J
up the column until it had involved the lower two-thirds of :.
the dorsal region; so that a line drawn from the lower and .
anterior angle of the fifth lumbar vertebra to the upper and .
anterior angle of the fourth dorsal vertebra passed behind,
and not in front of, the lower dorsal and upper lumbar .
regions (Fig. 8). .
This extraordinary development of the ligamenta sub-
flava in this gibbon (H. agilis) is clearly a provision for the
purpose of increasing the elasticity and spring of the vertebral
column, and must be of service in enabling it to make those
remarkable flights from one tree to another for which it is so famous.

Fig, &,
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We have previously noted that Broca describes different degrees of
lumbar curvature in different members of this group; and he gives to the
saimang, in this respect, a pre-eminence over all the others. I am in-
clined, however, to believe that these apparent differences have been due
to the agency of the ligamenta subflava, and to the position in which the
animal has been examined.

The mobility of the thigh at the hip-joint is intermediate in degree
between that of the chimpanzee and the orang. The lower limb can be
extended until the axis line of the thigh forms, with the axis line of the
trunk, an angle of 146° open to the front. At this point the movement at
the hip-joint ceases; and the further straightening of the limb can only
be effected by bending the spine in the lumbar region, and thereby in-
creasing the lumbar curvature.

It is a curious circumstance, that in the three anthropoid apes we have ex-
amined the degree of consolidated lumbar curve is in inverse proportion to
the degree of mobility at the hip-joint: the more extended the range of move-
ment at the hip-joint, the less prominent do we find the lumbar convexity.

Proportionate lengths of the different Segments of the Column in the Anthropoid
Apes.—We have already called attention to some very interesting points
in connexion with the relative length of each section of the vertebral
column in man, and we have noticed characteristic peculiarities according
to sex and age. It is well to compare these with measurements of the
corresponding spinal regions in the ehimpanzee and orang. Taking the
anterior surface of the vertebral column as the standard, and equal to 100,
we obtain for the different regions of the spine the following indices :—

]

Dorsal region, . .| 465 s | 486 we | s | :
! Lumbar region, . .| @17 | 328 64 | s | s | s |
= e PR =— i I !
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In the case of the chimpanzee, the thirteenth dorsal vertebra was included
in the lumbar segment, and measured with it; in the orang, the four lower
true vertebrme were taken as representing the lumbar region; and in the
gibbon the thirteen dorsal vertebree were measured as the dorsal region.
We have already noted the great proportionate shortness of the
lumbar region, and the corresponding proportionate length of the dorsal
and cervieal segments in the new-born child, as compared with the adult.
The chimpanzee, in this respect, holds a somewhat intermediate position :
its eervical region is relatively longer than that of the adult human subjeet,
whilst its dorsal and lumbar regions are slightly shorter, but not in so
marked a degree as in the new-born child. By referring to the tables
which are given by Aeby,' in his able paper upon the * Age-differences of
the Vertebral Column,” we find that the proportionate lengths of the three
segments of the column in the chimpanzee closely correspond with those of
a boy of two years old.* For the latter Aeby gives the following indices :—

Cervical region, . : ; : < MR
Dorsal region, : : : : . 46T
Lumbar region, . ; ; ; . 400

The orang, while it differs widely in the relative length of the three
segments of the vertebral columm from the adult man, corresponds closely
in this respect with the new-born child. Although the lumbar region
of the orang is composed of only four vertebrse, the relative length

! Die Altersverschiedenheiten der menschlichen Wirbelsaiile. Avchiv fiir Anat. und Entwick-
lungsgeschichte, 1879,

* It must be borne in mind, however, that the average age of the two chimpanzees which were
mensured was probably not more than three years, Further, there is a difference in the indices of
the two specimens corresponding to what we find, at corresponding periods of growth, in man, viz.

CHIMPAKZER.,

Male (say 4 years old). | Female (say 2 years old).
f Cervical region, k | L T o) |
| Dorsal region, : . 150 140
Lumbar region, : S : | B0 | 303 I
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of this segment is very similar to that of a newly-born human infant.
The gibbon in this respect shows a close correspondence with the adult
human subject; and, although an additional vertebra is included in the
dorsal region, the proportionate length of these two regions in man and
the gibbon is very similar, viz. :—

Dorsal region, man (adult), . : . 465

Dorsal region, gibbon (adult), : . 477

It would be outside the scope of this memoir to take part in the
controversy which has arisen with reference to the homologies which
exist between the vertebree of spines belonging to different animals.
Welcker' maintains that the vertebre are not numerically homologous
with each other, but that the separate segments of different columns-—
lumbar, dorsal, cervieal, and so on—may be regarded as homologous, and
as extending or diminishing the number of their elements, according to
the needs of the animal. Dr. Emil Rosenberg?® of Dorpat has advanced
a different theory. He does not regard the absent lumbar vertebra of
the orang as being suppressed, but as being merely shifted downwards,
g0 as to constitute in this animal the first sacral vertelbra. He advocates,
therefore, a numerical homology of the vertebree of the column. In this
he is opposed by Holl,® who regards the first sacral vertebra as a fixed
quantity, and therefore primary.

At first sight the correspondence in relative length between the lumbar
region of the orang and that of the human child, and also between the
dorsal region of the gibbon and that of man, comprising as each does a
different number of elements, might be considered as giving some measure
of support to the view propounded by Welcker; on the other hand we must
not forget the enormous proportional length which is attained by the dif-
ferent segments of the column in certain of the lower apes, and in certain of
the quadrupeds. It is obvious, therefore, that measurements of the different
regions of the spine will throw little or no light upon this question.

Ue Apchiv fiir Anat. und Entwicklungsgeschichte,” His und Broune. 1881,

i Upen the development of the Vertebral Column, and upon the Os centrale in the Human
carpns,  Morph. Jahr., wol. 1. 1873,

* Sitzungsberichte der Akademie der Wissenschaften zu Wien, ixxxv. 1882,

[18%]
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Lower Ares,

In endeavouring to arrive at a proper conception of the nature of the
curvature of the lumbar section of the vertebral columm in the lower apes, 1
have followed the same method which I adopted in the case of the anthro-
poid apes. At the same time [ am fully aware that in placing the
lower apes in a recumbent attitude I have given them a posture which
they seldom assume in life, and which therefore must be regarded as being
somewhat unnatural.  Almost all my attempts to freeze these animals in o
sitting or oblique attitude failed ; and, even in the few cases where the ex
periment was successful, it was apparent that the results could not be com-
pared with those obtained for the anthropoid apes which had been frozen
in the recumbent position. One advantage the recumbent attitude un-
doubtedly has, and it is this: it cannot be charged with the production
of eurves which do not naturally exist. It must exert, indeed, a directly
opposite effect, and tend to flatten the dorsal concavity, and also the lumbar
convexity, when such a curvature exists. When curves, therefore, are
obtained in the dorso-lumbar region by this method of freezing, we may
reasonably conclude that they are more or less inherent in the vertebral
column. With respect to the cervical region, the curvature is entirelv
dependent upon the position of the head, as we have seen to be the
case in a newly-born child.

T'wo methods which I adopted for the purpose of obtaining the curves
of the spine in the sitting posture gave fairly good results. In one case |
placed a small monkey (Cercopithecus ruber, No. 1, Plate v.) in a long
narrow glass preparation jar, with the thighs flexed, and the weight of the
body resting upon the ischial tuberosities. After freezing it for a few
hours, so as to stiffen the superficial soft parts, I took it out of the freezing
mixture, and proceeded to obliterate all the lateral curvatures of the spine,
taking the utmost care not to interfere with the antero-posterior curves.
When this was accomplished the animal was replaced in the jar and the
freezing completed. In the second case, the ape (Cercocebus fuliginosus,
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No. 1, Plate v.) was placed upon its side on a table, and put into an attitude
as nearly as possible resembling the sitting posture. A plaster of Paris
jacket, which surrounded it on all sides, except that which was in appo-
sition with the surface of the table, was then applied. When the plaster
was firm the whele preparation was placed in a zine box, and the animal
frozen. The gypsum covering, however, was found to interfere very
much with the freezing of the specimen. Before using the saw the plaster
was removed.

In all, I have frozen and divided in the mesial plane fifteen different
species of the lower apes, and the reduced tracings of the greater number
of these sections are reproduced in Plates 1v., v., and vi. The majority of
these specimens I purchased from Mr, Cross of Liverpool, but some of the
rarer forms I received from the Zoological Gardens in London, through the
kindness of my friend the Prosector, Mr. F. E. Beddard. 1 have also to
thank the authorities of Trinity College for their generosity in procuring
for me such apes as died in the Zoological Gardens in Dublin.

That the lumbar convexity exists in a more or less permanent form in
certain of the lower apes there cannot be a doubt. Thus we find it well
marked in specimens of Macacus, Cercocebus, Semnopithecus, and of the
New World monkey, Cebus capucinus, which have been frozen in the re-
cumbent position with the thighs flexed upon the abdomen. The flexibility
of the spine in these forms is very great; in life they constantly assume
many postures which must obliterate eompletely the special curvature in
the lumbar region. This cannot be regarded, however, as militating
against the assertion that they possess such a curve. Even in the Euro-
pean, where the lumbar curve may be regarded as being more firmly
established than in any other race of man, the convexity in the region
of the loins is in a great measure, if not completely, effaced when the
spine is flexed. It would he wrong, on the other hand, to assert that
the lumbar curve in the lower apes is stamped so permanently on the
spine as in man or the anthropoid apes.

In my examination into this matter I very early perceived that the
|Jmsitit}n of the lower limb exerted a most impr:-rhlnt influence upon the
(:O'I']di.ti{:lﬂ “E tll[." I'I.IIII:IHII' l'l.':gi.(]ll ill ﬂ.].]. t]:lﬁ ].U‘W'El" H.-Pﬂﬁ. Irl.vlli.’ moment a
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monkey endeavours to assume an upright posture, by bringing the trunk
more into a line with the thigh, a manifest inerease of the lumbar convexity
oeeurs.  In other words, the power of extending the thigh at the hip-joint
is limited, and the animal raises its trunk by bending the spine in the
region of the loins,

Macacus.—I have examined three specimens of the macaque monkey,
viz. two of Macacus nemestrinus, and one of Macacus rhesus, and trac-
ings of the sections of these are given in Plate 1v. Unfortunately, both
examples of Macacus nemestrinus shifted in the freezing-box, giving rise
to a lateral bending of the neck. It was found impossible, therefore, to
btain a section of the cervical region. The sections of the dorsal and
lumbar segments, however, were altogether satisfactory.

Maecacus nemestrinus No. 1 was frozen on its back, with its thighs flexed
upon the abdomen. A very distinet sigmoid dorso-lumbar curve exists.
The lumbar convexity involves the lower three lumbar vertebrse, and is
more pronounced than in the orang. Two points in this section cannot
fail to attract notice, viz.—(1) the condition of the last lnmbar vertebra, and
(2) the sacral obliguity. The fact that the last lumbar vertebra is deeper
in front than behind, and thus presents an index considerably below the
standard, is apparent to the eye. This is a character which distinguishes
many of the macaque monkeys from the higher apes, and, as we have
already seen, it constitutes a point of resemblance to man (wide p. 7). That
it is not a constant feature, however, will be seen by referring to Table (),
p- 21.  The saeral obliquity is also very apparent. St. George Mivart's'
statement that “in most Primates the sacrum and Inmbar vertebrie appear
{as far as one ean judge from skeletons alone) to lie almost, or quite, in
one line, so that the promontory is very slightly marked,” can hardly be
regarded as true for any member of this order.

Macacus nemestrinus No. 2 was a much larger specimen, which was
frozen on its back; but in this case the thighs were extended before
the freezing was commenced. The effeet upon the lumbar curve is

14 Axinl Skeleton in the Primates.”—Proe. Zool. Sor., 1865, xxxvi.
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very marked. It is distinctly increased both in degree and in extent.
It now involves the five lower lumbar vertebre, and is as pronounced
as we find it in the chimpanzee.

Macacus rhesus gave very remarkable results. It was frozen on
its back with the thighs flexed on the abdomen. In none of the lower
apes is the lumbar convexity so strongly marked, and in none, with the
exception of Cynocephalus, is the sacral obliquity so abrupt.

The lumbar curve, as will be seen in the tracing, involves the five
lower true vertebrse, and is very nearly as prominent as in the chim-
panzee. The sacrum forms a distinet promontory, and presents a
concave anterior surface.

Cercocelus fuliginosus.—Two specimens of this species were examined.
The first (Plate v.,, No. 1) was placed on its side in an attitude re-
sembling the sitting posture, and was then enveloped in a plaster of
Paris jacket and frozen. As might be expected, the dorsal curve is
more marked than in those varieties which were frozen on the back;
but although the trunk was slightly bent forwards, a lumbar curve is
manifest. It is of small extent, however, and only involves the lower
two true vertebree. Had the weight of the upper part of the trunk and
the upper limbs been transmitted downwards through the column, it is
probable that the convexity would have been of greater extent.

No. 2, Plate v., gives the tracing of the mesial section of another
specimen of the same species, which was frozen on its back, with the
thighs flexed on the abdomen. Next to Macacus rhesus it presents
the most perfect lumbar convexity which I have observed amongst the
lower forms of ape. The obliquity of the sacrum is also well marked,
although it is not so pronounced as in the Macaque.

No. 3, Plate vi, is a reduced tracing which was taken from No. 2
after it had thawed, and with the lower limb extended to the extent
indicated in the drawing. The increase of the lumbar convexity by
this proceeding is well illustrated ; and the increase is not only one
of degree, but also of extent, because now the curve includes the lower
six lumbar vertebree.
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Semnopithecus  enfellus (Plate 1v.). — The lumbar convexity in this
species appears to be limited to the last two lumbar vertebrse. The
last lumbar vertebra is deeper behind than in front, and the sacrum
presents a considerable amount of obliquity. The straightness of the
entire spine is remarkable.

Cereopitherus.—In no member of this group have I found a strongly
marked lumbar curve when the animal was frozen on the back. The
Malbrouch monkey (Cercopithecns cynosurus) of West Africa was the only
one in which it was very apparent. In this specimen the curve included
the lower three lumbar vertebre.

In Cercopithecus mona, No. 1 (Plate v.), Cercopithecus campbelli, No. 1
(Plate 1v.), and in Chlorocebus sabaeus, No. 1 (Plate v1.), all of which
were frozen in the recumbent position, hardly a trace of the lumbar
convexity can be detected. No. 2 tracing in each ease represents the
same animal after it had thawed, with the lower limb extended. By
this proceeding a strong lumbar curve at once sprang into existence.
In other words, the thigh could only be approximated to the line of the
trunk by a bending of the spine in the lumbar region.

In Plate v. two tracings of Cercopithecus ruber are represented.  No. 1
tracing was obtained from an individual of this species, which was frozen
in a sitting posture in a tall glass jar. The curves of the column
resemble those of man and the chimpanzee much more than those of
the specimen of Cercocebus fuliginosus, No. 1, which was also frozen in
a sitting attitude. In the Cercopithecus, however, the weight of the
upper part of the trunk was transmitted downwards thmugh the column.
No. 2 tracing was taken from the same animal after it had thawed, and
with the lower limlb extended. The increase of the lumbar curve is
manifest.

Colobus vellerosns,—Not a trace of the lumbar curve can be detected
in Colobus. The dorsal and lumbar vertebrse form one continuous con-
cavity, which is only interrupted below by the promontory (No. 1,
Plate 1v.). The wedge-shaped appearance of the last lumbar vertebra
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and the obliquity of the sacrum are very marked, which shows that these
conditions can exist independently of a lumbar convexity. It is pos-
sible, indeed, that a high degree of sacral obliquity may in some cases
replace the lumbar convexity.

No. 2 gives a view of the changes which are brought about by extend-
ing the thigh. Even now the lumbar curve is not so pronounced as
we might have anticipated. The bending appears chiefly to have taken
place at the sacro-vertebral articulation. This is evident from the fact
that the dorsal tilting of the pelvis has become much more apparent.

Cynocephalus  anubis. — The baboon which I had the opportunity of
examining was a very large specimen. It measured 277 inches from
the erown of the head to the root of the tail, and it was frozen like the
others, on its back, and with its thighs flexed. A lumbar convexity can
Lardly be said to exist (Plate vi.); but still the lowest three lumbar ver-
tebree are not included in the dorsal conecavity, but are placed as nearly
s possible in a straight line. The dorsal tilting of the sacrum is very
pronounced—more so, indeed, than in any other ape. St. George Mivart,
in his important Paper' on the Axial Skeleton of the Primates, mentions
this peculiarity. It is possible that this very character may, in a measure,
have been the cause of the obliteration of a lumbar curve, because the
greater the backward sweep of the pelvis, the greater will be the ten-
dency for a lumbar convexity to become flattened, when a heavy animal
is placed upon its back. On the other hand, it would almost appear as
if the absence of a lumbar curve was compensated for, in many cases,
by a more striking sacral obliquity.

New World Apes.—Two specimens of the Capuchin monkey gave
evidence of a lumbar curve. The tracing of one of these is reproduced
in Plate vi, (Cebus capucinus), and in this the convexity is very strongly
marked, and involves the lower four lumbar wvertebrse. The second
specimen of this species, which was frozen under similar circumstances,

Vit Proc, fool, Soc., London,”™ 1865,

JOTAL IRISH ACADEMT—CUNNINGHAM MEMOINS, Xo. TT [14]




e et

106 Cunningham Memairs.

and of which I have the tracing in my possession, did not exhibit
so strong a lumbar convexity; but, on the other hand, the sacrum was
placed more obliquely.

A Marmoset, which I received from the London Zoological Gardens,
was unfortunately so much disturbed in the freezing bex, that I only
obtained a section of the lumbar region. This, however, gave clear
indications of being the seat of a slight anterior convexity. The extent
of this, or indeed its degree, it was not possible to estimate accurately,
seeing that the section through the bodies of the vertebree was very
oblique.

Different appearance presenfed by the Vertebree of different Apes when
geeir in section.—A glance at the plates in which the sections of the spines
of the apes are represented will be sufficient to show that the bodies of
the lumbar vertebre present very different appearances in different apes.
In Cynocephalus the bodies of the lumbar vertebrze approach in shape
those of man and the anthropoid apes: the antero-posterior diameter is
very nearly equal to the vertical diameter. The lumbar vertebre of
the macaque, in a less degree, are fashioned in a similar style; but
in Cercopithecus the difference is very apparent. In this genus the
length of the vertical diameter of the wvertebral body is double that
of the antero-posterior diameter. Further, the eye of itself is sufficient
to determine that in this respect Colobus oceupies an intermediate posi-
tion between the macaques and Cercopithecus. To bring these facts out
more clearly, and at the same time more accurately, I have measured
the third lumbar vertebra in four races of man, and two children, the
second lumbar vertebra in Troglodytes, and the fourth lumbar vertebra
in several of the lower apes; and by taking the sagittal diameter of the
centrum as equal to 100, we can frame an index which wiil express the
relation between the vertical and sagittal diameters. According to this
method of comparison, the higher the index is, the longer is the vertebral
body in relation to its sagittal axis.

The following are the results; but it must be borne in mind that
D'I]]F one specimen ﬁ'E {'ﬂ.ﬂ]t Wils I'I'U.:'!Elbul'i.‘-d.'—
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REELATION OF VERTICAL TO SAGITTAL DIAMETER OF THE CENTRUM OF A LUMBAR
VERTEBEA, TAKEN FROM THE MIDDLE OF THE SERIES.

Sagittal diameter = 100.

Negro, ! g : - : = aah
Malay, i . 5 . . . 809
Chimpanzee, : ; ; i . 821
Gorilla, ; : g : : . 830
European, . : : - : . 882
Andaman, . . : : . . 907
New-born child, . ; : . . 930
Child, ¢, 4, : : : . . 10040
Cynocephalus anubis, . : : . 1021
Macacus nemestrinus, . : ; . 1230
Colobus vellerosus, . : : . 1400
Semnopithecus entellus, . ; . 20000
Cercopithecus, . : : ; . 2000

Certain interesting points arve brought out by the above indices. It
is carious to find the Negro and Malay separated from the European
and Andaman by Troglodytes. The small vertical depth of the bodies
of the lumbar vertebrz in the Negro is peculiar, and is characteristic
of the two Negro skeletons in my possession. It is further strange, con-
sidering the affinities which are said to exist between the Andaman and
the Negro, that in this respect the former deviates so much from the
latter. It would appear, however, that this difference is merely one of
those infantile characters which Prof. Ilower! has shown distinguish in so
prominent a degree the Andaman race. DBy referring to the above Table

' * Journal of the Anthropological lostitute” 18749,
(14%]
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it will he seen that the lumbar vertebra of a child aged four (or there-
abouts) possesses an index of 100; in other words, the sagittal and
vertical diameters are equal in length, and in this it closely approaches
the baboon. In the new-born child the same deviation from the adult
form is to be noted, but not in so marked a degree.

A very instructive index may also be formulated, by means of which
the eoronal or transverse diameter can be compared with the vertical
diameter. We take the former as the standard, and as equivalent
to 100:—

RELATION OF CORONAL DIAMETER TO VERTICAL DIAMETER OF THE CEXTRUM OF
A LUMBAR VERTEBEA, TAKEN FROM THE MIDDLE OF THE SERIES.

Coronal diamefer = 100,

Gorilla, . : : : : . 604
Chimpanzee, . : - . ; S B2
Negro, ; . ; : . . 625
Malay, - : ; : : . 637
European, . : : : : . B34
New-born child, . ; ; : . B7T0
Andaman, . : ; : : . 724
Child, et. 4, . . . . el
Cynocephalus anubis, . . : . 92:0

In this case the gorilla and the chimpanzee head the list, and therefore
show a greater proportionate breadth of the vertebrze than the others.
The indices of the Negro, Malay, and European, however, are not very
different, whilst the Andaman exhibits a decided approach towards the
child and the Laboon.
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Quapnurebs.

On submitting the foregoing results to Professor Flower, of the
British Museum, he was good enough to point out that the investigation
would be incomplete unless the condition of the lumbar segment of
the spine in a quadruped was examined. In adopting his suggestion,
[ encountered the same difficulty which had occurred to me in the
case of the lower apes, viz., the position in which the animals should
be frozen. If it is unnatural to place an ape upon its back, it is much
more so to deal similarly with a dog. And yet it was necessary to do
this in order that the results in each case might be compared with each
other. That this experiment might be checked, I froze a second dog
in a position as nearly approaching the standing attitude as it was
possible so to do.

With the exception of Dr. Charpy, no one, so far as I know, has ever
even hinted at the possibility of a quadruped possessing a lumbar curve.
This author says':—“1 have been able to verify in a fresh squirrel, an
animal with an intermittent erect attitude, at least for the trunk, that its

long, supple lumbar region, which can be curved without difficulty into

g
the are of a circle, had an anterior convexity recalling, in every respect,
that of the new-born child ; the arch, ocecupying all the lumbar region,
had its summit or maximum very low, at the dise between the sixth
and seventh vertebrse.” Whilst I cannot accept the accuracy of his
statement with regard to the new-born child, I have every belief in the
accuracy of his observation regarding the lumbar eolumm in the squirrel.

The general view which is entertained by anatomists, and one which is
figured in various treatises, may best be understood by quoting from the
recent anatomieal lectures by Dr. Adolf Panseh.? He says:—“It is of in-
terest to take a glance at the form of the vertebral column in animals. The
quadrupeds have essentially only two curves—a dorsal and a cervieal.  If

' 4 De la conrbure lombaire,” &e.—Journ. de I' dnaf. of de lo Phys, Paris, 1885,
it Apatomische Vorlesungen." Berlin, 1884.
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you take the eaudal curve, then we obtain a serpentine vertebral eolumn;
but the relationships are quite different from mun, becaunse the spine is
horizontal.  The most important curve is that of the back; it carries,
like a spring, the weight of the trunk and viscera, and this load draws
downwards the arch, and acts, therefore, as a diminisher of the curve,
whilst both ends of the eurve are placed upon the support of the legs. The
cervical curve arises through a pressure of the head operating in a horizontal
direction, whilst the licamentum nuchze and the neck muscles from the
front part of the dorsal eurve hinder the head from falling downwards.
These curves, of quadrupeds have arvisen first in the course of development,
and have become permanent; they likewise suffer diminution and aug-
mentation through increase and decrease of the weight. But what
happens if these animals stand upright? If you observe a horse in the
circus, with straightened hind-legs, or in a sitting posture, or if you study
an upright-walking dog, you find the same neck and back curve as in
quadrupedal walking—you find, in spite of the ‘walking upon two legs,’
no loin bending in fhese animals. The lumbar convexity is absent.”

In Plate vi.a the reduced tracings of sections of the spine in three dogs,
which were frozen in different attitudes, are figured, and in all an approxi-
mation to a lumbar curve is more or less manifest. No. 1 (a fox-terrier)
was frozen on its back, with its liinbs unrestrained. No. 2 (a large Seotch
collie) was placed in a position as nearly resembling the standing attitude
as possible. Having amputated the limbs just beyond the lower surface of
the body the stumps were arranged so as to support the weight of the trunk,
whilst the head was supported by means of a block placed under the lower
jaw. No. 3 (a Maltese poodle) was frozen on its back, but the hind limbs
were drawn backwards into the position which a dog frequently assumes
when stretching himself.

In each region the curvature is very characteristic. The cervical region
in both No. 1 and No. 2 shows a double curve, viz., a gentle concavity'
downwards in its upper part, and an abrupt bend, convex downwards,

' The concavity in the cervical region is very probably a gost merlem condition, and due to the
reluxution of the museles which give support to the head.
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which also involves one of the dorsal vertebr, where it passes into the
dorsal concavity. The straightness of the cervical vertebra in No. 1 is
clearly due to the position of the head.

The dorsal curve begins at the second dorsal vertebra, and ends at the
third lombar vertebra, and it constitutes an arch which has its summit
formed by the last dorsal vertebra.

The posterior lumbar vertebre show a slight eonvexity downwards
in No. 1 and No. 2, whilst in No. 3, where the lower limb was stretched,
the lumbar curve is very strongly marked.

It is very evident, then, that the dorso-lumbar portion of a quadruped’s
spine does not form a simple arch, but that even in these animals there is
exhibited a tendency to the formation of a lumbar convexity.

In Plate vi.e an outline tracing is given of the anterior curvature of a
bear. This was obtained by moullding a strip of lead upon the front surface
of the vertebral bodies, after the animal had been eviscerated, and while it
was lying upon its back. It shows a very distinet lumbar convexity.

It has been too much the habit of anatomists to draw loose comparisons,
upon insufficient data, between the infantile vertebral column and the spine
of the apes. T'o this charge I must also plead guilty, in a lecture pub-
lished in Edinburgh in 1881, under the auspices of the Health Society.
Dr. Charpy,' reasoning in the same direction, arrives at conclusions which
are different from those ordinarily in vogue, but which are nevertheless
equally untenable. He says: * The human spine passes through a series
of progressive phases, which correspond to animal forms: the feetal column
is that of a quadruped; the infantile column that of an anthropoid ; the
human type is the termination of a design roughly sketched in the animal
or embryo.”

At no stage in its development can the human column be regarded as
corresponding in the character of its curvatures with that of the full-grown
quadruped. The infantile column may be compared, however, in this

"“Journal de 1'"Anatomia et de la Physiologie."” 1884,
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respeet, with the spine of Colobus or certain forms of Cercopithecus;
although even in this case the comparison is somewhat strained. The
orang, in its spinal form, closely approaches a boy aged six; the gibbon
presents some features in the outline of its spinal curvature which are
intermediate between those of a boy aged six, and a girl aged thirteen, but
it is sharply marked off from the latter by its feeble promontory ; whilst
the chimpanzee exhibits a spinal curvature somewhat similar to that of an
adult man. These comparisons, however, will not bear too close examina-
tion; and, although a general similitude may be noted, we may positively
affim that at no stage in its growth is the curvature of the human column
an exact counterpart of that of the column of any of the lower animals in
their full-grown condition.
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respect, with the spine of Colobus or certain forms of Cercopithecus;
although even in this case the comparison is somewhat strained. The
orang, in its spinal form, closely approaches a boy aged six; the gibbon
presents some features in the outline of its spinal curvature which are
intermediate between those of a boy aged six, and a girl aged thirteen, but
it is sharply marked off from the latter by its feeble promontory ; whilst
the chimpanzee exhibits a spinal curvature somewhat similar to that of an
adult man. These comparisons, however, will not bear too close examina-
tion; and, although a general similitude may be noted, we may positively
affim that at no stage in its growth is the curvature of the human column
an exact counterpart of that of the column of any of the lower animals in
their full-grown condition.

.
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PART II

TopoGrAPHICAL ANaTOMY OF THE CHIMPANZEE, Oraxc, aNp GIBROX.

So far as I am aware, this is the first time that the method of
dividing the frozen body in different planes has been employed for the
elucidation of facts bearing upon Comparative Anatomy. [ts range of
utility is limited, but it is unquestionably a valuable means of enabling
us to institute a closer comparison between the anthropoid apes and man.
Certain relations of distinet morphological importance cannot be ascer-
tained with accuracy by any other method ; and further, by referring the
position of the wviscera to the different vertebrae, we can determine
whether the assumption of the upright walk by man has led to any
subsidence of the viscera.

Brain,—The question as to how far the cerebrum in the anthropoid
apes projects backwards, in relation to the upper surface of the cerebellum,
has given rise to much discussion. At the present moment we have con-
vineing proof on the part of Gratiolet,' Huxley,* Flower,* Marshall,
Rolleston, * Turner, * and Wilder, ’ that, throughout the entire order of

! o Plis eercbranx de I homme,” 1861,

# 4 Man's Place in Nature,” and alzo in Prec. Zool, Spe., 1861, *“On the Brain of Ateles."

3+ On the Posterior Lobes of the Cerebrum of the Quodromana.”  Phil. Trans, 1862,

* % On the Brain of a young Chimpanzee.” Naf. INisf. Review. July, 1861,

* 4 0n the Affinities of the Brain of the Orang.” Nat. Hisf, Review, April, 1861,

* “0n the Anatomical Relatione of the Surfaces of the Tentorinm to the Cerebrum and Cere.
Liellum in Man and the lower Mammals.!  Proc. Roy. Soc. : Edinb. 1862,

¥ At the meeting of the American Association [or the Advancement of Science, in Philadelphia in
1884, Professor Burt (. Wilder, of Ithaca, N. Y., exhibited the brain of a young chimpanzee which
lue had hardewed i sifer. 1t war a very beoutiful preparation, and showed a cortain amount of pro.
jection of the posterior lobes beyond the corebellum,  { Proe, duerican Azseciation, 1884, p. 527,
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Primates, with the single exception of the Lemurs, the posterior lobes of
the cerebrum extend backwards beyond the cerebellum. Such being the
case, it is not a little surprising to find an anatomist of the repute of Dr. H.
C. Chapman,' in two of the more recent Papers which have appeared upon
the structure of the anthropoid apes, expressing a doubt as to whether
the posterior cerebral lobes in the chimpanzee can be considered as
completely covering the cerebellum. In his latest article on the orang
he says:—‘“The cerebellum of my orang was relatively larger than
that of man, but smaller than that of either of the chimpanzees 1
have dissected, and was just covered, and no more, by the posterior
lobes of the cerebellom.” Further on he remarks: *“In the account
| gave of the female chimpanzee, I stated that I found the cerebellum
uncovered. I had the opportunity a short time since of verifying that
statement in the male, noticing @ sifn that the cerebellum was uncovered
by the posterior lobes. This was found to be the case by Mr. Arthur
Iirowne, the superintendent of the Phila. Zool. Gardens, in a third
chimpanzee which died there. With all deference to Professor Marshall’s
photograph of a plaster cast of the brain of a chimpanzee, and however
it may truthfully represent the relations of the cerebellum in his speci-
men, I must say that it would be simply monstrous if accepted as
an illustration of either of mine, and with profound respect for Professor
Huxley's opinion, regarding the interior of the skull being a guide
for the determination of the proportion between posterior lobe and cere-
bellum, I find it anything but a safe one as regards the anthropoid
apes. For the space between the posterior lobes of the brain and dura
mater and bone, both posteriorly and laterally, I find very variable in
#fu, due to the state of the blood-vessels, and amount of fluid in arach-
noid and subarachnoid cavities.”

It may, perhaps, appear to be a work of supererogation on my part to
reopen this question; but I think that it will be generally admitted that the
precise extent of cerebral projection in the different members of the order

V4 On the Strueture of the Chimpanzee.” Proe. dead. Nat. Sei. Philadelphia. 1879, “On
the Structure of the Orang.” Proe. dead. Nai. Sei. Philadelphia. 1880,
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Primates cannot be regarded as having been absolutely defined ; and where
this has been attempted, certain inaccuracies, due to the method of investi-
gation employed, have ocenrred.

It must be evident to everyone that there is only one way of obtain-
ing absolutely positive and trustworthy information regarding the exact
relationship which exists between the cerebrum and cerebellum, and thai
is by making sections through the frozen head. Whilst the parts are still
in the frozen state, and therefore fixed immovably in their several places,
tracings of the cut surface can be taken, and a permanent record of
their mutnal positions obtained.  Undoubtedly, the next most veliable
method consists in an inspection of the eranial eavity in section, or in
the examination of a plaster cast of the interior of the skull; but
it must be admitted that both of these plans are open to the ob-
jections which have been urged against them by Chapman. All deal-
ings with the soft swaying brain, after the ecranial wall has been
removed, must be regarded as misleading; and the same also, but to a
less extent, may be said for those methods, by which attempts are made
to harden the brain i sifu, by the injection through the carotids of
preservative fluids. The best proof of what I say is to he found in the
strange want of unanimity of opinion which exists upon a point appa-
rently so simple as the relative extent to which the posterior lobes of
the cerebrum project beyond the cerebellum.

With the object of determining the point at issue, I have made sections
of the heads of two chimpanzees, one orang, one gibbon (Hylobates agilis),
a certain number of the lower apes, one adult man, and two newly-born
children. In each case a definite plan was followed. The first section
was made as far as possible in the mesial plane, with the view of
dividing the central lobe or vermiform process of the cerebellum. The
second section was made in the sagittal direction, and parallel to the
first, a short distance to the outer side of the mesial plane, so as to cut
the posterior point of the cerebral hemisphere, and the most bulging
part of the cerebellar hemisphere; lastly, a third sagittal section was
made parallel to the others, and in such a plane that it passed through
the middle of the eyeball. The drawings which are reproduced in
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Plates x., %1, and xn., were constructed from accurate tracings, taken
from the more important of these sections while still in the frozen
state. The reduced tracing of the orang, which is given in Plate 1.,
represents the mesial relationship of the cerebrum to the cerebellum. In
all the sections, with the exception of those of the gibbon, the cerebrum
was found to project backwards in a marked degree beyond the cerebellum.

The relative extent of this projection in the mesial plane in the
different specimens is given in the following Table. All the measure-
ments which are indicated in this and the succeeding Tables were made
with the head in such a position that the face looked directly forwards.
Professor Burt G. Wilder remarks, with truth, that the relative position of
parts depends entirely ““upon the way in which the brain is held.”

DISTANCE WHICH THE CEREBRUM PROJECTS BEYOND THE CEREBELLUM
IN THE MESIAL PLANE, i... WHERE THE SECTION HAS PASSED
THROUGH THE VERMIFOEM PROCESS, OR CENTRAL LOBE OF THE

LATTER.

| Actunl amount of projec- .. Proportion—taking Cere-

[ tion in millimetres, | brum as equal to 100,

l |
e mnda & LR s | 25°5 mm. 159 f
Adult female (Braune’s Atlas), . - | 24740 mm. 170
Newly-born male child,! . : ? y i B+ mm. I a-0
Newly-born female child,' . ol 70, 74
Male clumpaneee,' ¥ . ( ; ; f 10°0 mm, I 10-0
Urang,' - : 5 : : . : 10+0 . | 106
Baloon, . o 10°5 mm, ' 12
Celbus capueinus, 5 ! 55 mum. &7

! All these specimens are mounted as permanent preparations in the Awatomical Department
of Trinity Cellege, Dublin.

* The measurement which is given here was not obtained from the tracing from which the
large coloured Plate of the male chimpanzee was consteneted, hecanse this section did not pass
scenrately through the vermiform process.
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The projection of the posterior lobes of the cerebrum beyond the
rerebellam is most strongly marked in the mesial sections, because in
this plane it is the vermiform process which is cut, and the antero-
posterior length of this is considerably less than that of the cerebellar
hemisphere. In the male chimpanzee and the orang the amount of
projection measured 10 mm.; in the adult human male which I ex-
amined it amounted to 255 mm., whilst in the mesial section of a
female represented by Braune' it measures 27 mm. If we regard the
length of the cerebrum as being equal to 100, the proportion in the
different specimens will be found to be expressed by the following
numbers :—

Man (average of two specimens), . : . 164
Orang, ; . . ’ . . . 106
Chimpanzee, ; i ; ‘ ; . 10:0

In the newly-born child it is interesting to note that the distance to
which the posterior lobes of the cerebrum are carried beyond the cere-
bellum is not nearly so great as in the adult, and indeed not so
great as in the chimpanzee or orang. It corresponds more to what
we find in the Cebus capucinus, and the proportion is—

Human child (newly-born), . : . 832
Cebus capucinus, . : : : ;BT

But the baboon (Cymocephalus anubis) approaches man in this respect
more closely than either of the two anthropoid apes. The proportion
in this animal was 11-2. Referring to the great backward projection
of the cerebral lobes in this animal, Flower remarks :—* Gratiolet has
demonstrated that the prineipal cerebral characteristic of this genus is
the great development of the occipital lobes. In a nearly full-grown
example of C. porcarius I find that they project ths of an inch
beyond the cerebellum, or rather more than §th of the entire length
of the hemisphere, proportionally more, therefore, than in man.” 1

b o Atlas of Topographical Anatomy.”

ROFAL IRISH ACADEMT.—CUNKINGOHAM MEMOGIRS, %0, 11 (18]
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can confirm the accuracy of this statement in all respects, except in so
far as the comparison with man is concerned. Calculating the pro-
portional projection of Professor Flower's specimen by the method em-
ployed above, we obtain an index of 11:1. This is almost identical
with the index I have obtained for C. anubis; but it is very far below
that of an adult man (16-4)

Let us now examine the results obtained by dividing the frozen head
a very short distance to the outer side of the mesial plane. As a stan-
dard of comparison in man I have taken the drawing of a mesial section
of a male adult by Professor Braune.! In this the section is represented
as deviating slightly to one side of the mesial plane, but still it cannot
be regarded as affording an altogether satisfactory standard of comparison.
In Plate x1., Fig. 2, is a full-size drawing of a section of the head of a
female chimpanzee nearly in the same plane, but slightly oblique, and
a little further out; and in Plate xn., Fig. 2, a section of the head of the
gibbon in a plane very similar to that of Braune's male is represented. In
both man and chimpanzee the projection of cerebrum beyond cerebellum
is not so marked at this point as in the mesial plane ; but man still
maintains a pronounced pre-eminence, as will be observed by comparing
the indices given in the subjoined Table.

DISTANCE WHICH THE CEREBRUM FROJECTS BEYOND THE CEREBELLUM,
AS BEEN IN A BAGITTAL SECTION OF THE HEAD IMMEDIATELY TO
THE OUTER SIDE OF THE MESIAL PLANE.

Actual amount of projec- Propartion—length of
tion in neillimetres. | Cerebrum = 100,
| Adult human male (Braune), . - : 235 mim. | 14-5
Female chimpanzee® (Fig. 2, Plate xt.), . l 85 mm. B8
Female gibbon ? (Fig. 2, Plate xin.) . . 30 mm, ‘ 40

! o Atlas of Topographical Anatomy,"
* These specimens are mounted as permanent preparations in the Anatomical Department of

Trinity College, Dublin.
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Perhaps the most instructive section of all is that which is taken
in the line of the eyeball. By such a section one realizes more fully
the different degrees of projection, and above all the distance which
separates man in this respeet from the other members of the order
Primates. In Plate x. seetions, in this plane, of the heads of the male
chimpanzee (Fig. 1), Cebus capucinus (Fig. 2), and man (Fig. 8), are
depicted ; in Plate x1. a corresponding section of the head of the female
orang is represented (Fig. 1); and in Plate xn. (Fig. 3), a similar
section of the head of the gibbon is figzured. We can readily detect by
the eye the different degrees of projection in each case; but the precise
measurements are given in the following Table :(—

DISTAXNCE WHICH THE CEREBRRUM PROJECTS BEYOND THE CEREBELLUM,
AR BEEN IN A SAGITTAL SECTION THROUGH THE HEAD TAKEN 50
AB TO BISECT THE EYE-BALL.

i Actunl amount of projec- P ion—length of
[ tion in millimotres, erebrum = 100, |
! — ' | |
; Adult human male (Flate x., Fig. 3), . 250 mm. 154 :
Newly-born female child, - . . 110 mm. | 115 |
Male chimpanzee (Plate x., Fig. 3], 3 70 mm. I 85t I
Female chimpanzes, . . . . 60 mm. ' 63
| Pomale orang (Plate x1., Fig. 1), . L 70 mm. . g1
Female gibbon (Plate xi1., Fig. 3), . 0+ mm. 00
Cebus enpucinus (Plnte x., Fig. 2), 2 55 mm, 96

The gibbon is remarkable for the small extent to which the posterior

* All these specimens, with the execption of Cebus, are preserved as permanent preparations
in the Anatomical Department of Trinity College, Dublin.

# The proportion expressed here is, perhaps, slightly above what it should be, because the
section having passed a short distance to the outer side of the middle of the eyeball, the full
length of the cerchrum was not obtained.

[16%)
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lobes of the cerebrum project beyond the cerebellum. Immediately to the
outer side of the mesial plane the projection in my specimen amounted to
only 3 mm. (Plate xmn., Fig. 2), whilst in the line of the eye-ball the pos-
terior limits of cerebrum and cerebellum corresponded exactly; or, if there
was any difference at all, it was in favour of the cerebellum (Plate xir.,
Fig. 3). Huxley has alveady called attention to this peculiarity in the
gibbon.! The siamang, he states, ““is remarkable for the short posterior
lobes of the eerebrum, which in this anthropomorphous ape do not overlap
the cerebellum as they do in all the others.” On the other hand Bischoft,”
in his memoir upon Hylobates lenciscus, asserts that in his specimen the
cerebellum was completely covered by the oceipital lobes ; and further, he
disputes the statement that in the gibbon there is any remarkable reduction
of the cerebrum as compared with the other anthropoid apes.

In Plate x1., Fig. 3, the drawing of a coronal section of the head of
the female chimpanzee is given. The section passed through the widest
part of the cerebellnm, and comparing it with a corresponding section
which I have made through the adult human head, I find that propor-
tionally the extent to which the cerebrum overlaps the cerebellum is
the same in both.

It appears to me that a good deal of the diversity of opinion that has
heen expressed upon this subject has been due to a want of perception of
the great extent to which the posterior cerebral lobes project beyond the
cerebellum in man. Thus Dr. Chapman?® remarks: “ Why should it be
necessary to replace the brain of the chimpanzee or the orang in the
skull, to make plaster casts, &e., if there 1s no difference between their
brains and those of man and the monkeys, for there is no necessity of
having recourse to such measures to prove that the cerebellum is covered in
the latter ?” In the hwman brain, when removed from the eranial cavity,
we find little or no projection of the posterior lobes beyond the cerebellum ;
and when I removed the right half of the brain of the orang which is

L Anatomy of Vertebrated Animals,” p. 411. 1882
# o Beitriige zur Anatomie des Hylobates lencisens.,”  Miinchen, 1870.
* 5t Btrueture of the Orang-outang,”—Proc. dead. Nat. Soi. Philodelphic, 1350, p. 18,

.
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firured in Plate o, I found that it required some manipulation to place
the cerebrum in such a position that it would completely cover the cere-
bellam, In the one case the swaving forwards of the cerebrum upon the
crura cercbri causes the posterior lobes to advance until they become flush
with the posterior border of the cerebellum; in the other, by the same
process, a portion of the cerebellum is left bare,

Prof. Huxley® claims for the Chrysothrix a pre-eminénce over man in
the extent to which the posterior lobes of the cerebellum are carried back-
wards, and he supports this claim upon the evidence afforded by an
examination of the interior of the skull in each. Unfortunately I have
not had an opportunity of making sections of the frozen head of this
animal.

Prof. Flower? calls attention to the fact that *“ on comparing the form of
the brain in Cercopithecus with that of the human subject very great
similarity is seen in the contour of the posterior half of the cerebrum; but
the anterior lobes in the monkey are much reduced, being narrowed almost
to a point, flattened, and largely excavated in the orbital regions.” This
similarity of the posterior portion of the cerebrum in certain of the lower
apes to that of man is brought out in a very striking manner by means of
the sections of the frozen head, and the plane in which it is most apparent
is in that in which the head is divided in the line of the eyeball In
Plate x., Fig. 2, which represents a section through the head of Cebus
capucinus, and Fig. 3, a section in the same plane through the head of man,
render the correspondence of outline of the baek part of the brain in these
forms very manifest, and it is evident that in this respect Cebus re-
sembles man more than either the chimpanzee (Plate x., Fig. 1) or the
orang (Plate x1., Fig. 2). At the same time it should be noted that Cebus
presents a greater fulness, and a greater relative depth of the posterior
lobes, than man.

It is true that in Cebus the difference between the anterior lobe of

' Man's Place in Nature."-—Sece page 79, where the interior of the skull of an Australian is
tigured alongside that of the Chryrothrix.
* ¢ Phil, Trans,," 1862,
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the cerebrum and that of man is very marked. Its narrow and pointed cha-
racter, and its strong orbital excavation, as exhibited in Plate x., stand out
in strong contrast to the full, massive, and rounded frontal lobe of man.
At the same time it will be noticed that the frontal lobe apparently ad-
vances further forwards than in man. If we let fall a plumb-line from the
fore extremity of the cerebrum in Cebus, it cuts the eyeball immediately
behind the lens, whereas in man such a line falls behind the equator of
the G}I'L']}all. Further, if a vertieal line be drawn ulm':u'dﬁ from the tip
of the temporo-sphenoidal lobe, and the distance in each be measured
from this line to the anterior extremity of the frontal lobe, it will be
found to be relatively greater in Cebus than in man, in the proportion
of 236 to 18:2.

Unfortunately the same comparison cannot be instituted in the case of
the male chimpanzee (Plate x., Fig. 1), becanse the section is slightly
oblique, and in front it cuts the eyeball a little to the outer side of its
middle point. In the female chimpanzee and in the orang (Plate x1., Fig. 1)
accurate sections were obtained, and the line drawn vertically downwards
from the extremity of the frontal lobe cuts the eveball in both a short
distance behind the equator, whilst in the gibbon (Plate xu., Fig. 3) a
corresponding line cuts the eyeball at a point still further back. Of eourse
we cannot place much confidence in this relation between the frontal lobes
and the eyeball, because the position of the latter cannot be regarded as
being a fixed standard for purposes of comparison’'; still it is interesting
to observe in the drawing of Cebus that if the anterior bounding-line of
the frontal lobe, as it ascends from the Sylvian fissure, be carried
upwards with a gentle curve, so as to cut off the pointed extremity of

! It should also be borne in mind, that a very slight deviation of the section to one side or the
other will produce & marked difference in the relation of the snterior limit of the cerebrum to the
eyeball ; and it is difficult to get a series of sections in precisely the same ling.  Thus, Rikdinger
(**Topographisch-chirargische Anatomie des Menschen. Dritte Abtheilung™) represents a sagittal
section of the human head which in front passes through the eycball, apperently a little to the
inner side of its central point. In this drawing a vertical line drawn downwards from the anterior
extremity of the cercbrum passes through the erystalline lens. The ontline of the entire eerebrum
is peculiar, and differs in a marked degree from Fig. 3, Plate x.

A




Dr. CunsiNeHAM—On fhe Anafomy of the Anthropoid Apes. 127

the frontal lobe, the entire brain will then present a contour which
exhibits a considerable resemblance to that of the chimpanzee or orang.

In the section of the chimpanzee's head (Fig. 1), and in the section of
the human head (Fig. 3), figured in Plate x, the posterior and descend-
ing cornua of the lateral ventricle of the right side are opened. If the
axes of these two recesses be prolonged, they will be observed to ent each
other at a very different angle in the two sections. In the chimpanzee
the posterior and middle cornua lie very nearly in the same line, and their
prolonged axes form an angle of about 1607 ; in man, on the other hand, they
both slope more or less downwards, and their axes cut each other at an
angle of about 140°.  In the chimpanzee, as we have seen, the section is not
quite in the same plane as in the human head, and therefore the hippo-
campus minor has escaped division, but it can be seen on the lower and
inner walls of the posterior cornu.

In the three brains of the chimpanzee which I have had an opportunity
of examining (two by frozen sections, and one after removal from the
cranial cavity), I was much struck by the large size of the hippocampus
minor, and, on comparing it with the corresponding structure in the
Furopean brain, it was observed to be relatively of larger size. Professor
Flower' has noticed the same point. In his memoir upon the posterior
cerebral lobes he remarks :(—* The hippocampus minor is one of the
most striking characteristics of the typical simian brain, as it is greatest
in Cercopithecus, Macacus, Cynocephalus, and Cebus, less in the anthropoid
apes, and least of all, in proportion to the mass of cerebral substance
contained in the lobe, in man.” Marshall,® in his able account of the bush-
woman’s brain, states that the posterior horn of the lateral ventricle is long
in proportion to that of the European, and that the hippocampus minor was
of large dimensions, and measured 11 inches in length.

Two years ago I received from the late Dr. Hart, of Sierra Leone, wha
contributed so many valuable specimens to the Trinity College Museum,
and whose untimely death we have recently had cause to deplove, six
negro brains. Of these, only two were hardened sufficiently well to

! % Phil. Trans.," 1862. # ¢ Phil. Trans.,” 1864.
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admit of an examination of the internal parts, but in both the hippo-
campus minor was seen to be of larger dimensions than is usually the
case in the European.

The measurement of the hippocampus minor is a difficult matter
in the human brain, on account of its very gradual subsidence as we
trace it backwards. It is therefore not easy to make out the exact
point at which it ends. In three Europeans, two negroes, and threc
l'IIiiIlP."II'IZl.,‘i_}.‘i {tﬂking the llil}puuampus major as the standard, and equal
to 100), I found the approximate proportional length of hippocampus
minor to be as follows :(—

European, . . : . . . 723
Negro, : : : : : LT
Chimpanzee, . : : . : . B44

It is right to add, that Tiedemann' asserts that the hippocampus
minor of the negro is in no respect different from that of the European.

I am unable to inelude the orang in the above comparison, because in
the left half of the brain, which was removed after the animal had been
divided in the mesial plane, there was not a trace of the posterior horn of
the lateral ventricle. The calearine fissure was strongly marked and very
deep, but owing to the ahsence of the ventricular cavity in the posterior
lobe of the cerebrum there was no free hippocampus minor.  Of course
thi= must be looked upon as an individual peculiarity: the presence of
the posterior cornu and the hippocampus minor in the orang has been
thoronghly established by several observers. Still it is an interesting
anomaly, and it suggests the possibility that Sir Richard Owen, in his
statements regarding the posterior lobe, posterior ventricular horn, and
hippocampus minor, may, in the first instance, have been misled by an
abnormal brain of this kind.

4 Un the Brain of the Negro compared with that of the Europesn and the Orang-Utan."'—
Bl Trais., 1838,
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In the gibbon, owing to the reduction of the posterior lobes, the
hippocampus minor is very short. In breadth and prominence, however,
it is considerably in advance of the chimpanzee, and it reaches backwards
to within 5 mm. of the posterior extremity of the occipital lobe. Its
proportional length to the hippocampus major is as T0'8 to 100.

Professor Flower, in his exhaustive memoir upon the brain of the
Quadrumana,' suggests a very uscful and reliable method of obtaining a
proper conception of the relative length of the posterior lobes. He says:
—* As it seemed desirable to possess an exact means of estimating the
length of the posterior lobes in different animals by a criterion derived
from internal structure, I have taken the most prominent part of the convex
border of the hippocampus major as the limit between the antero-median
and posterior portions of the cerebrum. In man and the Quadrumana
the angle formed at the junction of the hippocampus major and minor
readily indicates the exact spot on which to place the compasses.” The
relative length of these two divisions of the brain may be compared in
different animals, by taking the antero-median portion as the standard
and equal to 100, Professor Flower gives the index for man caleulated
in this manner as 53; and for the orang as 50. Professor Marshall, for
the brain of the bushwoman, obtained an index of 546, indicating a
greater proportional length of the posterior lobes than in the European
and for the chimpanzee an index of 52. In two well-preserved negro
brains I obtained an index of 53, which is identical with that given by
Professor Flower for the European; and in three chimpanzees I obtaineil
an average index of 50-3. It should be noted, however, that this low
index for the chimpanzee is due to an unusual shortness of the posterior
iobes in the female specimen ; the individual indices were 51-8, 52-3, and
for the female, 47°0. My orang gave an index of 52'8 ; whilst the gibbon
yielded an index of 41-1.

A Table, containing the results indicated above, may be constructed
thus :—

1 ¢ Phil, Trans.,” 1862.
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LERGTH OF ANTERO-MEDIAN AND POSTERIOR PORTIONS OF THE BRAIN
AS DEFINED BY PROFESS0R FLOWER.

| Actual length in [ : | )Dn'mﬁ
| willimetres, Progartivo. | W -
d { ar
|| Antero-me- | Posterior .’l.nhw-mr:al Pasterior | postoriar por- |
| disnportion. | portion.  dian pm-liuu.i porticm. | tiom.
| i = i
' EUROPEAN, . . . 24 < 100-0 530 530 |
{Prof. Flower). |
e = {
e e 1050 a7 10070 542 [
E g ‘from Siorm Leone. | o
e [ Timanes, . . . 1080 60 | 1000 G1°B
from Sicrra Leone,
BUSHWOMAN, . . - - 100°0 546 G406
{Prof. Marshall).
T [ ) =
[ | |
o i Mo b 2t T Sl — - wes | a0
|z (Prof. Flawer). L
= S R e | 616 | 35 100-0 328
- figured in Plate x1. |
Fr ' . |
B ST
= Nl e S = = 100-0 520 |
E : {Prof. Marshall).
244 E 1 Ko, 2 (Maleh . . 80 | a0 wo-0 | 52d
2l | p o0
= = Ko. 3 (Female). . . GE-0 320 1000 470
= | = |
P ]
- Ho. 4, R a4-0 250 woe | 518
from Sierra Leone. 1 2
| FEMALE GIBBON, . . 53-5 290 104k 411 41°1
|

The foregoing facts all go to sustain the statement which has been
made by Huxley regarding the shortness of the posterior lobes in the
gibbon. In fact, as will be seen in the above Table, they are at least ten
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per cent. shorter than the corresponding lobes in the chimpanzee or orang,
and thirteen per cent. shorter than in man.

One of the most important differences between the brain of man and
that of the anthropoid apes is to be found in the condition of the corpus
callosum. The very varying degrees of development which this structure
exhibits throughout the mammalian class might indeed lead us to expect
this. It is true that its function is buried in obscurity ; and this is all
the more the case since a new light has been shed by Prof. Hamilton'
upon the connections established by its fibres, Certain it is, however, that
the degree of development exhibited by the corpus ecallosum bears a very
direct relation to the degree of intelligence exhibited by an animal.
The brain of anthropoid apes, as compared with that of man, is distin-
guished by the diminutive size of the corpus callosum, and there are
cood grounds for the belief that appreciable differences in this respect
may also be found to exist between the different races of man. Thus,
Marshall in his deseription of the bushwoman’s brain, says :—* compared
with the arvea of the internal surface of one hemisphere, the sectional
area of the corpus eallosum is in the bushwoman’s brain as 1 to 25,
in the European as 1 to 12'5, and in the chimpanzee as 1 to 283, so0
that the corpus callosum, thus estimated in proportion to the cerehrum,
is in the bushwoman, only half as large as in the European, and not
much larger proportionally than in the chimpanzee.”

Measurements of the corpus callosum can only be satisfactorily made
in mesial sections of the frozen head. As soon as the brain is removed
from the cranium, the corpus callosum loses its finely arched form,
and its proportions are altered. In the two succeeding Tables I give the
dimensions of the corpus ecallosum, ascertained upon the frozen heads
of three adult human subjects—a girl of thirteen years old, a hoy of
six years old, and two newly-born children. The measurements of two
of the adults were taken from Braune’s? representations of a male
and female in mesial section ; those of the girl and boy were obtained
from drawings of similar sections by Dr. Symington of Edinburgh ;
whilst the others were measured divectly from sections made by myself.

Lt Journ. Anat. and Phys,”, 1885, * 4 Atlas of Topographical Anatomy.”
[17%]



132 Crunninghamn Memoirs,

Taking the entire length of the cerebral hemisphere as 100, indices can
be calculated which give us a ready means of comparing the length
of the corpus callosum with the extent of cerebrum in frout of it, and
the extent of cerebrum behind it. In the following Table these arc
termed, respectively—callosal length, pre-callosal length, and post-cal-
losal length.

LENGTH OF CEREBRUM = 100.

|
| i Pro-callossl lemgth. | Callosal length., | Post-callossl length,
Adult human female, . . - e 186 47-5 339
{Braune).
Adult human male, . 5 : g ] 20-3 447 329
(Braune).
Adult human male, . ; : : L FR 418 332
| i
Gy LN e 238 425 | a3-7
[Symingten). - [ |
8 T R S i) 234 410 ' 366
(Symington). ;
Nowly-bora femalo child, . . . .| 29. 356 355
Nowly-born male child, . . . .| 257 361 ' 282
| | |
ireﬁa Average Average
Pre-callosal length. Callosal length. Post.callosal length,
I 2t | —— = - |
Absolute | Percentage | Absoluie I| Percontage Absolute | Percontage
length. length, | length. !n length. length. length,
|
- | e : =
Threo adults, f & H-dmm. | 21-2 733 mm. 453 5400 mm., 33-3 i
I
Girl wt, 1-?».. " : 41" 0mm. | 238 T340 mm. 42-5 S8 0 mm, 37 {
(Symington]. | |
Boyet.6, . . .| 360mm | 204 | 6¢0mm 410 670 mm, 3605
{Aymington). . .
Twonewly-born children,| 24-5 mm. | ere 33-5 mm. 368 5 mm. B
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The corpus callosum in the newly-born child is very different from
that of the adult. It is relatively much shorter; it stands to the latter
as 358 to 45-3.  On the other hand, both the post-callosal and pre-callosal
lengths are relatively much greater. In the boy of six years old, the
corpus callosum is still shorter than in the adult; but its growth has
taken place chiefly in an anterior direction, so that whilst the pre-callosal
length corresponds with that of the adult, the post-callosal length is
relatively as long as in the new-born child. The girl of thirteen
approaches in this respeet the adult form. By this time, thevefore,
the corpus ecallosum may be considered to have very nearly attained
its full development. In the young embryo the front extremity of
the corpus callosum is first called into existence, and it gradually
extends backwards from this. In the new-born child, therefore, one
would naturally expect to find the deficiency chiefly behind; but this
is not the case. The deficiency is as marked in front as it is behind,
and in its further development it appears to extend in the first place
forwards, and afterwards to extend backwards, until it gains the pro-
portion which it exhibits in the adult.

I applied the same test to the six negro brains which I had received
from Sierra Leone, but as these had all been hardened after their removal
from the cranial cavity, we cannot place much reliance upon the results.
The arched form of the corpus callosum was gone, and, in consequence,
its average length in the six specimens was greater than in the Euro-
peans. Still it was evident that the depth of the corpus callosum in the
negro, especially at its two thickened extremities, was less than that of
the European. The following are the average indices which were
obtained :—

Pre-callosal length, . : . 194
Six Negroes, . { Callosal length, ; 2 . 470
Post-callosal length, . - . 335

In the anthropoid apes the corpus callosum is of small size, as com-
pared with the same structure in an adult man. Not only is it shorter,
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but its vertical depth is distinetly less in proportion to the size of the brain.
Further, in the orang, and also in the chimpanzee, the front extremity or
genn, when seen in mesial section, presents a different appearance. The
thickening of this portion is feebly marked, and the bend which it takes
is not sharp and sudden, as in man, but gentle and gradual, so that it
presents a broad and bold convexity to the front, and a wide concavity
to the back. This is particularly well seen in the orang (Plate 11.). Iu
the orang, also, the corpus callosum is considerably shorter than in the
chimpanzee. The following Table gives its relative length in three
anthropoid apes, and in three of the lower apes.

Pre-callosal length. Callogal length. Puost-callosal length.

Absolute | Percentage Absolute Percentage | Absolute Percentage I
1

length. | length. lengih. lengih. lemgth. length.
| | | [ |
O chimpanzes, . + | 20°0 min. 271 - | 390 mm. 364 A940 mm, | 564
Ooe omang, . A 25°0 mm. 265 29°0 mm. 310 A00 mms. 425
Oae gibban, . 3 .| 19-0 mm. 253 320 mm. 4127 S0 mm. a2-0
[
One baboon, . . . | 205 mm, -8 410 mm. 433 530 mm. 340
[ |
One colobus, . .| 130mm. | 203 200 mm. Al 265 mm. as:1
Oneechus, . . .| 160mm 250 270mm. | 420 | 20mm. | 330
| |

The close resemblance which this Table brings out between the chim-
panzee and the newly-horn child is remarkable. The orang differs in
presenting a relatively shorter corpus callosum, and a greater post-callosal
length. Indeed, in no form which I have examined is the post-callosal
length so great. In the gibbon the ecallosal length is relatively much
greater than in the other anthropoid apes, and in this respect it makes a
decided approach towards man, and, at the same time, resembles closely
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certain of the lower apes. On the other hand, the post-callosal length is
shorter than in any ape examined.

Another curions point is indicated in the above Table, viz., that the
corpus callosum of the baboon presents very nearly the same relative
length as in man. To a certain extent this might have been anticipated,
seeing that the backward projection of the posterior lobes of the cere
brum in this animal is more marked than in any other form we have
examined. Not only is the callosal length similar, however, but so also is
the post-callosal length and the pre-callosal length.

Both Cebus and Colobus are, likewise, less removed from man in this
respect than are the anthropoid apes. Cebus differs chiefly in presenting a
slightly shorter corpus callosum and a longer pre-callosal region. The
greater length of the latter has already been pointed out, and it is even
evident to the eye in Figure 2, Plate x.  Colobus differs in a marked
degree from Cebus, in its great post-callosal length. In this respect it
resembles the orang, but deviates from it in the greater relative length
of the corpus callosum.

Spinal cord —In the different anthropoid apes the distance which the
spinal cord extends downwards in the spinal canal is by no means the
same, and in this respect they all deviate from man, In the chimpanzee '
it reaches the posterior aspect of the dise between the first and second
lumbar vertebrie, and approaches somewhat the condition which is found
in the human infant. It must be borne in mind, however, that the
specimen which was examined was probably not more than four years
old. In the gibben the spinal cord is relatively longer than in the chim-
panzee, and extends downwards to the level of the middle point of the
third lumbar vertebra, In the orang it is remarkable for its shortness.
In my Spu{:imml it ended in the usual conus medullaris ul:im.-e.iie the
lower border of the eleventh dorsal vertebra.

But certainly the feature in the spinal cord of the anthropoid apes
which is most caleulated to arvest attention is the condition of the

'The first lumbar vertebra in the chimpanzee corvesponds to the second lumbar vertebra
I wan.
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cervical and lumbar enlargements.  The former exhibits a develop-
ment which corresponds exactly with the length of the upper limbs. In
the gibbon, therefore, the cervical swelling attains its maximum dimen-
sions; in the orang it is also of great proportionate size; whilst in the
chimpanzee it is considerably reduced, but still distinetly larger than
in man.

On the other hand, the lumbar swelling in the anthropoid apes is
relatively much smaller than in man, as might be expected from the
meagre proportions of the lower limbs in the apes.

Mouth, Tongue, and Laryne.—In the wmesial section of an anthropoid
ape, the elongated form of the mouth, and, as a consequence of this, the
quadrapedal shape of the tongue, constitute a very prominent feature.
In this respect the gibbon and chimpanzee deviate more from man than
the orang: in the last of these the arrangement of the lingual papillae
is very similar to what we find in the case of the human tongue.

Quite recently Dr. Symington' has called attention to the change of
position which the human larynx undergoes in the transition from the
infantile to the fully developed adult condition. In the adult the lower
border of the larynx corresponds to the intervertebral dise between the
sixth and seventh cervical vertebrme; in the newly-born child it is placed
as high as the middle or lower border of the fourth cervical vertebra.
Between infancy and adult life, therefore, the larynx undergoes a very
manifest descent. Symington considers that there is a downward move-
ment of the entire larynx, and he believes that this is caused by the
growth of the facial portion of the skull. In adopting this view of
the case, he has overlooked the fact, that the upper border of the
larynx, as represented by the epiglottis, does not descend to an equal
extent with the inferior border as represented by the lower margin of the
cricoid cartilage. In the newly-born child (as may be noted in two mesial
sections of the entire frozen body in the Trinity College Anatomical
Department) the tip of the epiglottis corresponds with the dise of
cartilage which separates the odontoid process from the body of the

' 4 Tourn. Anat. and Phys,'" 1883,




D, Coxsisenay—On the Anatomy of the Anthropoid Apes. 137

axis vertebra. In the adult its position may be studied in the mesial
sections of a male and a female represented by Braune: in the former
it is placed opposite the upper border of the third cervical vertebra,
and in the latter opposite the lower border of the same vertebra.
It follows from this that the upper border of the larynx descends
a distance corresponding to the depth of the bodies of two ecervieal
vertebrae with the dise intervening between them ; whilst its lower
border travels a distance corresponding to the depth of two and a-half
vertebral bodies and two intervertebral discs.

But the face in the anthropoid apes is much greater than that of man,
and its development in the transition from the infantile to the adult con-
dition is still more striking. If the growth of this part of the skull,
therefore, pushes down the human larynx, we would naturally expect
the displacement to be more marked in the apes than in man. So far from
this being the case, we find in the former a more infantile condition of
affairs, In the chimpanzee and orang the tip of the epiglottis is placed
opposite the junction between the odontoid and the body of the axis ver-
tebra; whilst the lower border of the ericoid cartilage lies opposite the
intervertebral dise between the fifth and sixth cervical vertebrze.

Another point which must enter into our calculations in eonsidering
this matter is, that in the newly-born child the cervieal region of the
vertebral column is proportionally longer than the same segment in the
adult, and therefore its subsequent growth takes place at a slower pace
than in the case of the dorsal and lumbar regions.

I am inclined to believe that the alteration in the position of the
larynx which accompanies the growth of a child is very largely due to
the organ growing more in a downward than in an upward direction;
and, further, that the entire displacement, which is evident from the
sinking downwards of the epiglottis, is in all probability due to the
vertebral column outstripping the larynx in its upward growth. It is
difficult to coneceive how the growth of the face could materially affect
the position of the larynx.

The laryngeal pouch in the chimpanzee, as will be seen in Plates vir.
and viir, extends downwards in front of the sternum to the lower border

ROTAL IRISH ACADEMY.—=CUNNINGHAM MEMOIRS, N0, II. [13]
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of the manubrium; it stretches in an upward direction until it abuts against
the hollow posterior surface of the hyoid bone.  In Plate vir. a glass rod is
represented as passing from the larynx into this pouch, and in Plate vin.
the narrow throat of communication is seen in section.

In the orang the laryngeal pouch, although it was prolonged down to
the top of the sternum, was not continued in front of it, as will be ob-
served in the ontline tracing in Plate .

Fig. 9.

The tweo sides of a haman larynx preserved in the Anatonicn]l Department of Trinity College, Dublin, in which
the laryngeal ventrivles show an wnusual degree of development. This specimen was described by Dr. E. H.
Bennett in the * Trans. Path. Soc. of Ireland."

I have introduced two woodeuts (Figs. 9 and 10), to show the
oceasional enlargement which oceurs in the laryngeal ventricles of man.
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The specimen which these represent was described by Dr. K. 1L Bennett
i the *“ Transactions of the PPathological Society of Ireland,” and I am
indebted to him for the use of the wood-blocks.

Thoracie and Abdominal Viseera.—It is well known to anatomists that the
topographical anatomy of the thoracic and abdominal viscera in the infant
and child is very different from that of the adult. If we take the vertebral
column as our standard, the viscera of the infant are placed at a higher
level, and 1110}' undergo a gradual subsidence as life advances.  Such being
the case, it has ocewrred to me that it might be of interest to compare the
relative positions of the viscera in man and the anthropoid apes. By this
means we should be able to arrive at a eonclusion as to whether the erect
attitude which has been assumed by man has led to any material displace-
ment of the viseera in their relation to the vertebral column.

The representations which are given by Braune of mesial sections of a
male and a female will serve us for purposes of comparison in so far as the
adult man is concerned : the facts relating to the newly-born infant I have
obtained from two sections (of a male and a female) which I have made
myself.

On comparing the various sections, I was surprised to find that in the
position of the thoracic and abdominal viscera there is very little differ-
ence between the chimpanzee and the adult man; and this is all the more
remarkable, when we bear in mind that the chimpanzee with which the
ml]]pﬂ.l’;ﬁﬂil Wwis 'EI'IH.'I.-i.t tlf.l'.'-'d Wwas 'fl'll' Prl':llll ]:“.!{IIH' HE 'I'I:'I.iltltl'{_‘: Hl}ﬂ("{l“ﬂ“,

In the orang we observe a different state of affairs. The viscera hold
positions, in reference to the vertebral eolumn, almost identical with those
of the viscera in a newly-born child. Thus we find the bifurcation of the
trachea taking place in both at the level of the third dorsal vertebra; in
both the arch of the aorta rises as high as the second dorsal vertebra, which
in the orang earries it above the level of the manubrium sterni; in both
the lower surface of the heart is placed at a level corresponding to the body
of the seventh dorszal vertebra. But it is needless to enumerate in detail
other points of similarity, as these can be more easily appreciated by an
examination of the following Table :—

[18%]
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Pelvie Viscera.—In Plate 1x. two views arve given of the human pelvis in
mesial section. Fig. 1 is the pelvis of a newly-born child, and Fig. 2
that of an adult. They are introduced in order that they may be com-
pared with the corresponding region in the chimpanzee, as exhibited in
Plates vir. and vi. A striking difference exists in the position of the
pelvic viscera in the adult man and the anthropoid apes. The rectum
in the chimpanzee is almost straight; in man it pursues a curved course,
and its terminal portion is bent backwards. In these respects the newly-
born child stands midway between the anthropoid apes and the adult man :
the rectum is much straighter than it is later in life, and the terminal
portion proceeds almost vertically downwards.

These differences arve largely due to the degree of obliquity of the
pelvis, and to the degree of curvature of the sacrum and coceyx. As is
well known, a long distance intervenes in the anthropoid between the tip of
the coceyx and the anus, so that the rectum and bladder are to a great ex
tent unprotected on the posterior aspect of the body. It is interesting to
note that the distance between the tip of the coceyx and the anus in the
new-born child (as made out by measurements on the frozen body) appears
to be relatively greater than in the adult man.
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EXPLANATION OF THE PLATES.

PLATE 1.

Cuants to show, in a graphic manner, the form-adaptation of the lumbar vertebrm to the
lumbar curve.

Cuart A exhibitz the form-adaptation of the lower five true vertelre in the chimpanzee,
gorilla, orang, Australian, Andaman, and Eurcpean.  The dotted lines refer to the apes, and
the solid lines to man. For fuller explanation see p. 7.

Cuarr B shows the sex-differences in the form-adaptation of the lumbar vertebrm to the
lumbar curve in the Irish, Tasmanian, Aunstralian, Andaman, and Negro. For further
explanation see p. 30.  In this chart the dotted lines refor to the females, and the solid lines
to the males.

Cuart C brings out the sex-differences in the form-adaptation of the lumbar vertelww to
the lumbar curve in the Irish, Australian, and Andaman, see. p. 80, The dotted lines in-
dieate the females, and the solid lines the males,

PLATE II.

This plate represents a series of reduced tracings of mesial sections of the human spine.
Two of these, viz. No. 2 (male) and No. 5 (female), have been taken from Professor Draune's
Atlas af Topographival Awatonry.  Another adult male spine is a veproduction of the lacing
which is given by the Brothers Weber in their ** Mechanik der mensclilichen Geliwerlizenge '
{1886). This spine was imbedded in plaster of Paris, and then divided in the mesial plane.
The outlines of the spine of the girl, «f, 18, and that of the boy, «f. 6, were obtained from
two drawings in an important work upon the Topagraphical Anatomy of the Child which will
shortly be published by Dr. SBymington of Edinburgh.

The remaining five representations of male spines, and four representations of female
spines, are reduecd tracings of mesial sections of the frozen and isolated vertebral column. In
every case the tracing was taken when the spine was still in the frozen condition, and the
veduction effected by photography, so as to obtain absolutely reliable results.

By means of the line which intersects the lnmbar region the degree of lnmbar prominenee
may be estimated. The indices of curve, which are obtained by comparing the distance of
the most projecting point in front of this line with the length of the lumbar segment of the
column, as well as the indices of the vertebre of these spines, &e., &e., are given in Table I,
P 26,
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PLATE III.

Thiz plate shows the spinal curvatore in two newly-borm chilidren, four chimpanzees, and
one orang-utan.

Foll-tinee hunvan fwtvs (oeale).—A mature child, still-born, It was placed on its back, and
the lower limbe were allowed to asswme the position most natoral to them : in other words,
the thighs remained semiflexed, and everted. The chin was raised slightly from the chest.
In this position the child was frozen, and then divided in the mesial plane. The tracing was
taken when the preparation was still in the frozen state, and it was reduced by photograply.
The raising of the head has produced a feeble cervical enrve; the dorsal and lumbar regions
form o eontinuons coneavity, somewhat flattened, from the ehild having been placed on its
back. The promontery is very feeble, and the enrve of the sacrum by no means conspienous.

Fall-time Ruwean fotus ( female),—Thiz i3 a reduced tracing of a full-time still-born child.
It was frozen on its back ; but in this case the head was allowed to remain flexed upon the
chest, while the lower limbs were straightened.  The thighs were placed close together, and
then the knees were pressed forcibly backwards until they came in eontact with the sucface
upon which the child was lying. In this position they were fixed. The tracing was taken
from the frozen child after it had been divided in the mesial plane, and it was reduced by
photograpliy.  In this case there was no cervical curve, becanse the head was flexed ; but the
straightening of the limbs has produced a strong lumbar convesity—a curve, indeed, which
ig stronger than in an adult, in the proportion of 11 to 9. Further, the pelvis has been tilted
baeck wntil the brim is nearly in a line with the spine. This can be seen from the position of
the symphysis pubis.

Troglodytes wiger (prale, aned female No. 1) are reduced tracings of mesial sections of a
young male and a young female chimpanzee. In both cases the animal was frozen on its
back, and the lower limbs placed under no restraint.  Unfortunately, the fomale specimen got
twisted in the freezing box, and thus it was impossible to eut the entire length of the spine in
the mesial plane.

Trogladytes niger ( fenale, No. 2) represents a mesial section of headless and flayed carcass
of a very young chimpanzee which I oblained from Dr. Wm. Frazer, of Dublin,

Traglodytes wiger (fewale, No. 8) represents the outline of the anterior face of the spine of
a female chimpanzee, obtained by moulding a strip of ductile lead uwpon the front of the verte-
bral eolumn, The dotted line interscets the outline at the level of the lower border of the
fourth lumbar, and of the upper border of the thirteenth dorsal vertebra,

All these tracings of the chimpanzee were reduced by photography.

Stmia satyrus ( female).—This is the tracing of a mesial section of an orang-utan, reduced
by photography. It was frozen on its back, and no restraint was put wpon the lower limbs.
The outling of the brain, and of some of the other organs, is given. The relative position of
cerebrum to cerebellum is seen ; the shortness and the forward position of the eorpus callosum
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iz mamifest. In the abdomen, the stomach, which is cut close to the prlorus, lies close

nnder the liver; and in the pelvis, the relative positions of bladder, uterns, and rectum may
be noted.

PLATE IV.

Tracings of mesial sections of a number of the lower apes reduced by photography. The
tracings were taken when the preparations were still in the frozen state.

Mecasis nemestrings, No, 1, was frozen on its baek, with the thighs flexed on the abdomen ;
owing to the head being slightly bent to the side the cervical region was not cut in the
mesial plane.

Macaeus pemesteinns, No. 2, was frozen on its back; but in this ease the thighs were
extended. This was the first section which was made, and the outline of the body was
omitted to be taken,

Macacus vhesus : frozen on its back, with the thighs flexed on the abdomen.

Cereopithectts camphelli, No. 1, was frozen on its back, with the thighs flexed on the
abdomen. No. 2 iz the same animal thawed, placed on its side, and the lower limbs extended
to the extent indicated in the tracing.

Sentapitheciis entellus was frozen on its back, with its thighs flexed on the abdomen.
The straightness of the spine in this case is very remarkable,

Colobus vellerosus (white-thighed eolobus), No. 1, was frozen on its back, with its thighs
flexed upon the abdomen. No. 2 is the same animal thawed, placed on its side, and the
lower limb extended.

PLATE V.

Redueed tracings of mesial sections of a number of the lower apes. These were taken
when the animals were still in the frozen condition, and the reduction was effected by
photography.

Cereopithecus vuber, No, 1, was frozen in the sitting posture in a tall glass jar, in the
manner deseribed in p. 98. No. 2 is the same animal after it had thawed, and with the
lower limb extended.

Cercopithecus mone, No. 1, was frozen on its back, with the thigh flexed on the abdomen.
No. 2 s the same animal after it had thawed, and with the lower limb extended,

Cereocebus fuliginosus, No. 1, was frozen in a plaster-jacket in the sitting posture, in the
manner described in p. 99, No. 2 is another specimen of the same species, whieli was frozen
on ite back, with the thighs flexed on the abdowen,

ROYAL TRISH ACADEMY—CUXNINGIAM MEMOIRS, ¥0. II, [18]
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PLATE VI.

Tracings of mesial sections of certain of the lower apes reduced by photography.

Clereacebits fuligivosis, No, 8, is the same animal that is figured as No. 2 in Plate V.  This
tracing was taken after the preparation had thawed, and with the lower limb extended.

Chilorocelus sabaets, No. 1, was frozen on its back, with the thighs flexed on the abdomen
MNo. 2 iz the same animal thawed, and with the limb extended.

Cymroceplalus emebis,—This was a large adult baboon, which was frozen on its back with
its thighs flexed.

Cebus capueimits was treated in the same manner as the baboon. The curvatore of the
spine is more quadropedal in its character than that of any of the other apes examined.
Compare it with the tracings of the dog in the following plate (VIa.)

PLATE VIa.

This plate exhibiis the enrvature of the spine in the quadvaped.

Dog.—No. 1. is the tracing of a fox-terrize which was frozen on its back with its limbs
unrestrained.

Pag.—No. 2 is a tracing taken from the mesial section of a collie. It was frozen in an
attitude approaching the standing posture (p. 108).

Dog.—No, 8 i3 a treacing of a poodle which was frozen on its back with its hind limbs
extended,  As it was disturbed in the freezing-box, the anterior portion of the spine was not
cut in the mesial plane, and is therefore not represented.

Biear,—The outline of the anterior surface of the spine of a large bear, taken by woulding
a strip of ductile lead on the front of the column,

PLATES VII. AND VIII.

These plates are large eoloured drawings of the two sides of the mesial section of the male
chimpanzee, They were druwn within the tracings, which were taken from the preparation
while it was still in the frozen state, and therefore may be regarded as giving accurate repre-
sentations of the topographieal anatomy of this anthropomorphic ape.

PLATE IX.

Fig. 1.—Mesial seetion of the pelvis of a mature human male fwtus. The entive body
was frozen, so that the position of the viscera is natural.

Fig. 2.—Mesial section of the pelvis of an adult human male. The entire body was
frozen, so that the viseera might be obtained in their natuval positions.
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Figs. 1 and 2 are introduced for the purpose of compavison with the pelvis of the
chimpanzee, as exhibited in plates virn and von

Fig. 8 is a drawing from a photograph of the male chimpanzee represented in plates vi.
and vim, The photograph was taken immediately after the section was made by applying
the two sides of the animal to each other: it shows the attitude of the limbs and the line of
the section. Although the cut iz slightly to the one side of the mesial plane in front, it is
acenrately in the middle line behind.

PLATE X.

Bagittal sections through the heads of a chimpanzee, Cebus eapucinus, and man. The
gection in each case is made in a line with the middle point of the eyeball.

Fig. 1.—Chimpanzee. This dvawing was made from a photograph of the zection, =lighily
swaller than the specimen. Anteriorly the section has deviated onkbwards, so thet it does
not pass acenrately throngh the middle of the eyeball.

Fig. 2.—Cebus eapucinns.  Full-size drawing built up within a tracing taken from the
frozen surface of the section,

Fig. 8.—Man. This was drawn divectly from the speeimen, but within a tracing which
Liad first been reduced.

PLATE XI.

Bections through the frozen head of the chimpanzee and ovang.

Fig. 1.—8ection through the frozen head of the orang in the sagittal direction, and in a
line with the central point of the eyeball. The drawing is a full-size representation, and was
constructed within the tracing which was taken from the frozen surface.

. lentienlar nuelens.

b elhwoveid plexus peeping ont of the deseending horn of the lateval vewtricle, which is
opened along its outer margin,

. lateral venous sinus.

. lateral sinus ent at another point.

v, eochlea.

. superior maxillavy sinus.

Fig. 2.—Bagittal section throngh the frozen head of a chimpanzee immediately to the
outer side of the mesial plane. The tracing was taken from the frozen surface, and the draw-
ing is the size of nature. Only the posterior part of the head is represented.

a. lateral venouns sinus.

b, calearine fissure.

e eorpug dentatum of the cerebellum.
o, margin of the foramen magnum.

¢. posterior arch of the atlas,
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Fig. 8.—Coronal sceetion of the frozen head of the chimpanzee opposite the widest part of
the cerebellum.  The tracing was taken when the specimen wag still frozen, and the drawing
ig the size of nature.

a. posterior horn of the lateral ventricle. The dotted line ends upon the bulb of the
O

&, hippocampus minor,

o, calearine fissare.

o, corpus dentatnm of the eerebellum.

«. and f. lateral venous sinns.

This plate was drawn for me by Dr. 8t John Brooks, Demonstrator of Anatomy, Trinity
College, Dublin,

PLATE XII.

This plate, which iz also the work of Dr. Brooks, vepresents sections throngh the frozen
gibbon { Hylobates ailis—the wauwan).

Fig. 1 is a redoced outline tracing of a mesial section of the gibbon.

Fig. 2 is a full-size drawing of a section through the frozen head of the gibbon, The
tracing was obtained when the animal was still in the frozen state,

a, lateral venmous sinus,
b, internal parieto-oecipital fissure.
a. superior longitudinal sinus,
k. portion of the falx cerebri,
i. anterior pillar of the fornix.
k. anterior commissure.
. sphenoidal sinns.
i corpora quadrigemina.

Fig. 8.—Bagittal section through the frozen head of the gibbon, in a line with the cen-
tral point of the eyeball. The tracing was taken when the specimen was still in the frozen
state, and the drawing is the size of nature,

a. lateral sinus,

b, dezeending cormn of lateral ventricle,
. cochlea.

d. demtate fissure.

. lenticular nuelens.
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