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THE present investigation was undertaken for the purpose of obtaining some insight
into the variability and mutual relationships of certain parts of the human skeleton.
To work at such a problem is only possible under the rarest circumstances, for the
material must be at least fairly homogeneous and in far larger quantity than is
ordinarily obtainable.

The valuable material with which T worked consisted of an extensive collection of
skeletons belonging to the ¢ New Race.”

The race so-named has recently been discovered by Professor FLINDERs PETRIE in
his explorations in Egypt, and, in his opinion, we have here *a branch of the same
Libyan race that founded the Ammonite power.” The period ascribed to the New
Race lies between 3000 and 4000 B.c. :

In discussing my measurements I considered it expedient to give some idea of
the more obvious ethnological characters which the material exhibited, but it must
be clearly understood that this side of the subject was not the primary object of my
investigation.

The skeletons were disinterred from an ancient burial-ground covering a very
extensive area, and including several thousand graves. It was situated in the
district between Ballas and Naqada, some 30 miles north of Thebes, and on the
west side of the Nile. ' '

Fach grave had a number assigned to it, and when a skeleton was found therein’

this number was written on the skull and on all the more important bones.
In some cases remains of more than one skeleton were found in a grave, and then
identification of the bones into the respective skeletons sometimes became impossible.
Through the generosity of Mr. A. B. PEarsoN-GEE, the skeletons were carefully
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136 MR. BE. WARREN ON THE VARTABILITY OF THE HUMAN SKELETON,

packed and brought to England. On their arrival they were taken to University
College, where the various investigations have been carried out.

A series of measurements have been made on the skulls by Mr. HERBERT
TaoMPSON, and some of the results have already been published by Professor PETRIE*
and by Professor KARL PEARsON.T _

In the autumn of 1295 the skeletons were most kindly placed at my disposal by
Professor PrTrIE, and I desire to heartily express to him my gratitude for the use of
the bones. I also wish, in this place, to very warmly acknowledge my indebtedness
to Professor W. F. R. WELDON for many valuable suggestions and for encouragement
in this laborious undertaking, also to Professor Prarson and to Professor G. D.
TrANE for kindly criticism and ever-ready help.

The measurements were taken by means of an osteometric board, kindly lent for
the occasion by Professor SteEwARrT. This board has two uprights, one is fixed and
the other slides over a scale graduated into millimetres.

The bone is held horizontally in position, one end is placed against the fixed
upright, and then the sliding upright is brought up against the opposite extremity
and the measure is read off from the scale. TFor certain measurements it was
necessary to use two projecting styles fixed to the uprights.

The measurements were recorded to the tenth of a millimetre. A small series of
bones were re-measured on an independent occasion, and it was found that the mean
difference between the measurements was only 0'87 mm. Such a result as this
would be scarcely possible with recent bones, for the mere variation in the humidity
of the air would produce a greater difference in the measures.

The observations will be dealt with in three separate sections: (1) the limb bones,
(2) the sacrum, (3) the scapula; finally, we shall give a short summary of results
and a few general conclusions.

I. THE LIMB-BONES.

‘We will first describe the various measurements made on the different bones.

1. The Femunr.

(@) The length AB (see fig. 1 in the Plate), which is the distance between the
most prominent point of the head and that of the inner condyle, is called the meai-
mum length. ' :

(b.) The “length in oblique position” (= BF) was measured by placing the
condyles flat against the fixed upright. This gives the effective length with regard
to stature ; it is the oblique length. We may express the relation between these two

n

ADB .
dimensions by finding the angle ABF, which is equal to sec™! E Since the condyles

# ¢ Nagada and Ballas,” 1895, p. 51.
+ ¢ Phil. Trans.,” A, vol. 187 (1896), p. 279.
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are practically horizontal when the knees are close together, this angle will” depend
to a large extent upon the width of the pelvis, and so will be greater in woman
than in man. ,

(¢.) The Angle of the Neck with the Shaft.—If lines are drawn parallel to the
axes of the neck and shaft, they will intersect at a point O (fig. 1). This was done
on both the anterior and posterior surfaces of the bone. The central point (C) of
the inner surface of the head was readily found, then the length CD was measured.
OD and OC were measured on both sides of the bone and the mean was taken. It
appeared to me that these dimensions were obtained more accurately by this method
than if the anterior surface alone were taken.

OC = Length of Neck + Head.—The point O is always close to the tubercle on
the trochanteric ridge and often actually on it. Some anatomists measure to the
tubercle ; and this measurement is very nearly equivalent to OC.

OD = Length of Shajt.—The angle DOC, which is the angle of the neck with the
shaft, was found by the solution of the triangle DOC. This angle was determined
on 140 femora. :

(d.) The Angle of Torsion.—To measure accurately the real angle of torsion
seemed to me excessively difficult. The angle I measured was the inclination of the
neck to the horizon when the bone is held horizontally, with the condyles placed on
a flat surface. This angle is certainly closely proportional to the true torsion angle
and is not far removed from it. The following was the method employed. A point
C’ (see fig. 2) was found on the head, such that O’C’ was parallel to the axis of the
neck ; O’'C’ was measured. The bone was then placed in the position indicated in
fig. 3, and the movable upright was drawn along till the point of the style was seen
to be vertically above the point O'. The eye was placed about 2 feet above the
bone. The distance between the points of the styles was recorded (= O'C”). Now,

el

the angle C'O’'C” = sec™? é%],-, , which is equal to the angle which the neck makes
with the horizon. The effect of parallax was the chief source of error in this
method, but several measurements were always taken and the mean determined.

2. The Tibva.

(@.) The mawvmum length in the leng axis of the bone; thus, both the spine and
the malleolus are included = AB (fig. 5).

(b.) The length FB”, which is the distance from the centre of the inner condyloid
surface to the tip of the malleolus.
(¢.) The length FB' measured from centre to centre of articular surfaces.

3. The Fibula.

The maximum length.
VOL. CLXXXIX.—B. T



138  MR. E. WARREN ON THE VARIABILITY OF THE HUMAN SKELETON,

4. The Humerus.

(a.) The maximum length AB (see fig. 4).

(b.) The oblique length FA ; this measure corresponds to the oblique length of the
femur.

5. The Radius.

(@.) The maximum length in the long axis of the bone AB (fig. 6).

(0.) The distance between the points where the longitudinal axis of the bone cuts
the proximal and distal articular surfaces (= FB'). This measure answers to the
third on the tibia, and it would appear to give the true functional length of the
bones more nearly than the other dimensions.

6. The Ulna.

(a.) The mazimum length in the long axis including the styloid process. ‘
(b.) The distance between the centre of the distal articular surface and the point
where the longitudinal axis cuts the surface of the olecranon.

7. The Clavicle.

The maximum length when the bone is placed on its ventral edge.

THE DETERMINATION OF SEX.

This has been a matter of very considerable difficulty, and it will be seen from
the tables of measurements that no decided opinion could be expressed in the case
of a large number of skeletons.

Professor TaANE had made a careful sex-determination on the skulls, subsequently
he did the same for the hip-bones. Besides this, every bone, when taken from the
packing-case and measured, was noted down as ““male,” *female,” or doubtful.”
The several bones of the different skeletons were quite indiscriminately mixed, and
so each bone was pronounced upon independently. The general form or robustness
of the bone, the muscle impressions, &c., were taken into account. On subsequently
sorting the measurements into skeletons it was found how far the different deter-
minations agreed. In a considerable number of cases there were no discrepancies,
in other cases there was a quite clearly-marked preponderance of either “male” or
““ female,” then the skeleton was assigned to the sex possessing the preponderance.
Sometimes the sex remained altogether doubtful.

The sex-determinations having been made in this way from the long-bones, they
were compared with those obtained from the skulls and hip-bones.* It was found
that they agreed very fairly well with the skull determinations but still better with

* Tn many cases the fragmentary skeletons having skulls had no long-bones, and vice versd ; similarly
with the hip-bones.
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those from the pelvic-girdle. Consequently, as the hip-bone is the safest guide
to sex, a certain degree of reliance may, I think, be placed on the male and female
series which was ultimately drawn up.

The sacrum was found to be quite useless in this respect.

Tare VariatioN 1IN LExeTH oF THE LiMB-BoNEs.

In Table I. we have a list of the various measures made on the long-bones. The
bones of the right side were selected, except in the case of the ulna, where the left
bones happened to form the larger series. The third column gives the arithmetic
means of the different dimensions expressed in millimetres.*

. , . Standard Deviation
The probable errors of the means are given by the formula 06745 No o Ohereations

and a rough estimate of their values may be made by mere inspection.

In the following tablet I have compared some of the means found for the New
Race with the means of the measurements made by Dr. E. RoLLer] on the French.
A certain resemblance is seen to exist between them ; the bones which diverge most
are the tibia and radius. From this we might be tempted to believe that the
stature of the New Race was not far removed from that of the French; but the
relation which exists hetween stature and the length of limb will not be dealt with
in the present paper.

French.§ New Race.

Bones of the right side.
Standard | Coefficient
deviation. |of variation.

Standard | Coefficient

No. Mean. deviation, |of variation

No. Mean.

50 | 45228 | 2372 | 5425 | 80| 45930 | 2519 | 5484
50 | 41570 | 2255 | 5425 | 113 | 42627 | 2075 | 4867
50 | 36806 | 1799 | 4888 | 85| 37970 | 1877 | 4943
50 | 334edd | 1863 | 5571 | 115 | 34957 | 1714 | 4903
50 | 33010 | 1538 | 4659 | 62| 32618 | 1701 | 5216

. L .9l 50 | 20766 | 15925 | 5128 | 97| 29866 | 1495 | 5006
Radius (maximum), @| 50 | 24394 | 1170 | 4796 | 47 | 25697 | 1290 | 5021

. L 09l 50 | 21486 | 1095 | 5096 | 66| 23329 | 1069 | 4583

Femur (maximum),

Tibia(excluding spine),

Oy +0 0y +00y

” 29
Humerus (maximum),

% The relative length of the male bone to the female bone is expressed by the ‘ Sezual Ratio.” The
coefficients of variation are dealt with in a similar manner. I shall here attempt no comparison of the
sexual ratios in different races, as this is now being done by Professor PrarsoN. Tt may however
be mnoticed that the size-ratio appears to be greater in the radius, ulna, and clavicle than in the
other bones.

4+ I am indebted to Professor PEArsoN for the French numbers. They were calculated from the
measurements made by Dr. RorLer at the Anatomical Laboratory at Lyons.

1 “De la mensuration des os longs des membres,” Lyons, 1889.

§ Two or three left bones are included here.

T 2
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In the 4th column the constant known as the * Error of Mean Square” (AIRY),
or the “ Standard Deviation ” (PEARSON), is given. This is expressed in millimetres,
and was always determined from the second “ moment-coefficient ” of the trapezia-
system and not from the loaded ordinates. It is an absolute measure of dispersion

Standard Deviation |, s i}
afcald OVIAROR % this is called the
Mean

¢ coefficient of variation,” and has recently been introduced by Professor PEARSON.
These relative measures of variability are given in the 5th column of the table.
The probable error of a standard deviation (o) is given by an approximate formula

about the mean. A relative measure is

06745 \—/52—%-, and of a coeflicient of variation (v) by 06745 77}2—7—;, where n = the number

of observations. A general idea of the values of the probable errors may be obtained
by inspection, as in the case of the means.

We can now see that the absolute measure of variation, as given by the standard
deviation, is always greater in the longer bones than in the shorter, and in the
male than in the female. There is no obvious reason why this should be the case;
although, for instance, the tibia is a somewhat shorter bone than the femur, yet
the absolute variation in magnitude is not necessarily smaller in the former than in
the latter. Similarly, although the mean length of the bones of the female is shorter
than that of the male, it does not follow that the standard deviation should be less.
And does a percentage measure always express the variability of an organ as it affects
an individual organism ? Take, for example, the two femora of a man, if one is a
quarter of an inch longer than the other, the percentage variation does not concern
him, it is the absolute variation of a quarter of an inch that is of importance. It thus
appears that a ratio-measure of variation does not always express the variability of a
dimension as it affects the individual.

With this reservation we will examine the 4th and 5th columns of the table.

Tt will be seen that the absolute variation of the boues diminishes as we pass from
the femur to the clavicle, that is as the dimension becomes smaller. Or, in other
words, the absolute variation is roughly proportional to the absolute length. Also it
can be observed that the female is considerably less variable than the male.

The ratio-measure of variation, on the other hand, indicates that the femur, tibia,
humerus, and radius are all about equally variable, while the tibia, ulna, and clavicle
appear to exhibit little, if any difference in this respect between the sexes.

These results would seem to show that the variability of the two sexes, relative to
each other, is far from constant in different races. In the comparative table given
above, we see that in the French the female is more variable than the male in
the tibia, humerus, and radius, while in the New Race there is a distinct reverse
tendency.

The present results would appear to confirm Professor PEARSON’S generalisation

* This ratio is more conveniently expressed as a percentage.
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that “the more primitive and savage a race the less will be the variation of
both sexes, and the greater will be the approach to equality of variation between
the sexes.”*

It will now be best to deal with each bone separately.

Tae Femur

In the very great majority of the femora the linea aspera was strongly marked,
indicating great use of the muscles of the posterior part of the thigh. Frequently
also the gluteal ridge was very prominent and rugged. The form of femur known
as “femur A pilastre ” occurred with considerable frequency. Here the linea aspera
projects as a strong ridge or column. Two fairly distinct types were noticed : in the
one (F.l. 235 in Plate) a cross section through the middle of the shaft would roughly
resemble an isosceles triangle with the two sides slightly concave and the base
convex ; in the other, which is the commoner form (F.r. 175), the upper part of the
triangle would appear to be replaced by a rectangle and the base would be some-
what more convex. In the latter type the flat top to the rectangular prism is much
roughened, while in the former this is replaced by a moderately smooth edge.

It is much to be hoped that on some future occasion the transverse and antero-
posterior diameters may be measured on all the femora, and then an accurate
determination of this character could be made. At present it is only possible to
state that the male series exhibited this form of femur more frequently than the
female. As many as 8 per cent. of the male femora, but only 3 per cent. of the
female possessed a strongly-marked column, while in 13 per cent. of the men and in
7 per cent. of the women this character was exhibited in a less pronounced form. To
give some idea of these groups I measured five femora, and the “ pelastric indices ’t
were 128, 124, 123 belonging to the first group, and 119 and 117 to the second
group. The diameters were taken at the middle of the shaft.

Sir Wirrtam TuRNER, in describing the bones collected by the Challenger
Expedition, remarked that some of the femora, especially those from New Zealand,
exhibited an antero-posterior compression at the upper end of the shaft. -This
condition has been termed ¢ platymery” by M. MANOUVRIER, and he has instituted
a platyemric index, which resembles the pilastric index, only that the diameters are
taken at the sub-trochanteric section instead of at the middle of the shatt.

I have found that this platymeric condition was conspicuously exhibited in the few
femora which had a very low pilastric index, while on the other hand the femora
which possessed high pilastric indices seldom showed a trace of flattening at the

% «The Chance of Death and other Studies in Evolution,” vol. 1, p. 303. This volume is about to be

published. L
+ Pilastric index = Antero-posterior diameter -,
Transverse diameter
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upper end of the bone. This observation confirms MANOUVRIER'S statement that
pilastric femora seldom exhibit platymery to any marked degree. Dr. HEpBURN® has
recently determined the platymeric and pilastric indices on the femora of a
considerable number of races, and his results agree in the main with this view,
namely, that femora with high pilastric indices exhibit, as a rule, but little
platymery,t while those with low pilastric indices are frequently platymeric to a
greater or less degree.

In a few of the femora the antero-posterior diameter at the middle of the shaft
was considerably less than the transverse, and so the index was below 100. The
indices in two cases were : pilastric index, 89°8 ; platymeric index, 626 (see Plate
For. 7)f; and 96°8 and 764 respectively.

The Length-measurements of the Femur.

Table II. records the measurements made on the right femur in the oblique
position. In the first and second divisions, headed male and female respectively,
the measurements are absolute and ‘are expressed in millimetres. In the third
division the sexes are mixed, but the length of the femur is given in terms of the
length of the tibia (measurement “0” where spine is excluded). When only one
tibia was found in the skeleton it was taken as the standard, whether it was a right
or left bone ; if both tibiee were present, the mean of the two was taken. ‘

At the bottom of the table are given the various constants to the curves, which
were calculated by the method of moments introduced by Professor Pearson.§ All
these constants are expressed in terms of the units which are to be found at the tops
of the 1st, 4th and 7th columns respectively.

The centroid = position of arithmetic mean.

1, = the second “ moment coeflicient.”
__ the 2nd momen6 about the centroid

No. of observations
o = 4/p, = Standard Deviation (PEARSON).
= Error of Mean Square (AIRY).
s = the third “moment coefficient.”
p, = the fourth “moment coefficient.”

By = ¥/’ and By = py/pa’

The critical function = 28, — 38, — 6. When this expression is positive the theo-
retical curve has an unlimited range, but when negative the range is limited.

# ¢ Journal of Anatomy,” vol. 31, 1896.

+ The Maoris would seem to form an exception.

1 In this femur there was a third trochanter ; its position is indicated in the diagram by the sign (*)
placed against the protuberance at the lower cornor.

§ ¢ Phil. Trans.,” A, vol. 186, 1895, pp. 343-414.
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TapLe II.
: s spr R. femur expressed in thousandths
R. femur in oblique position. of tibia (malleolus inouded).
Male series. Female series. Sexes mixed.
Unit.s Absolute Fre- Units Absolute Fre- zUrfbth Thousandths Fre-
milr—ii:l)ls. M nillims, | uency. miﬁix?us. oillims, | quency. ({f (iiaia of tibia length. | quency.
ength.
1 405-410 1 1 376-381 2 1 1142-1149 | 1
2 411-416 3 2 382-387 3 2 1150-1157 6
3 - 417-422 1 3 388-393 b} 3 1158-1165 6
4 423-428 5 4 394-399 7. 4 1166-1173 10
5} 429-434 7 5 400-405 10 5 1174-1181 15
6 435-440 7 6 - 406-411 12 6 1182-1189 21
7 441-446 7 7 412417 8 7 1190-1197 19
8 447452 4 8 418-423 8 8 1198-1205 17
9 453-458 | 11 9 424-429 12 9 1206-1213 13
10 459-464 8 10 . 430-435 16 10 1214~-1221 23
11 465-470 4 11 436-441 11 11 1222-1229 16
12 471-476 7 12 442447 8 12 1230-1237 12
13 477-482 2 13 448-453 5 13 1238-1245 10
14 483-488 5 14 454-459 2 14 1246-1253 7
15 489494 3 15 460-465 2 15 1254-1261 1
16 495-500 3 16 466-471 1 16 1262-1269 3
17 501-506 0 17 472477 0 17 1270-1277 1
18 507-512 0 18 478-483 1 18 1278-1285 1
19 513-518 0 19 1286-1293 0
20 519-524 1 20 12941301 1
21 525-530 0
22 531-536 1
No. of observations . 80 No. of observations .| 113 No. of observations .| 183
Centroid == 9:0750. Centroid = 8:2743. ! Centroid == 8-4918.
pe=172610. o = 4°1546. o =12:0471. o = 3:4709. ny=126133. o = 35515,
pg = 850033, p, = 9656331. py = 2:7945. p, = 379:0705. pg = 136154, p, = 452-8204.
Bi= 02382, B,= 32400. Bi= 00045. B,= 2:6119. Bi= 00924. B,= 2:8462.
Critical function = — 0-235. Critical function = — 0-790. Critical function = — 0585.

On account of the comparative fewness of observations the values of the constants
coming after o must be regarded as only very roughly giving some kind of approxi-
mation to true values. Still, it may be observed, that in the case of the femur all
three critical functions are negative, and it will be found with the other bones that a
negative value occurs more frequently than a positive one. From this it would seem
that the curves resulting from the measurements of bones belong to that skew type
which has a strictly limited range. How far such a theoretical range has any practical
significance remains to be demonstrated, but it would require a much larger series
than we have here before the theory could be satisfactorily applied to the length of
bones. The range, given by the 113 female femora, has, however, been calculated ;
it is equal to 2528 units, while the observed range is 18 units. '

VOL. CLXXXIX.—B. U
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In the accompanying diagram, the frequency polygons are drawn. They all
exhibit a marked double-humped character.* The number of observations is too
small for us to feel any certainty as to the meaning of this. Perhaps it is a mere
accident, or it may indicate that we have here two races, or a slight admixture of
the sexes. If we compare these polygons with those given by the tibize, we shall
see that the latter exhibit the double peak less strongly than do the former, while in
the case of the humerus and of the radius, this character seems to have nearly
disappeared. This faveurs the view that the double peak is merely accidental. It
must be observed, however, that in two closely allied races, the femora might differ in
length more perceptibly than the other bones, and so such a comparison is scarcely con-
clusive as to the homogeneous nature of the material. It may be remarked here, that
most of the curves exhibit a distinct tailing off on the positive side of the centroid, the
slope of the curve being steeper on the negative side. We have above seen that the
polygons show a marked tendency to conform to skew curves of limited range, and
we may conclude that this range is greater on the positive than on the negative side
of the mean, or, in other words, that there is greater abnormality among long than
among short bones.

On referring to Table I., it will be seen that the word * pairs” is placed at the
head of the right half division. By a “ pair” we mean the right and left bones of

‘the same skeleton. In 47 pairs of male femora, the mean of the right bones was
1'11 millims. lower than the mean of the left, and in 66 female femora it was
155 millims. lower. The relation which was observed between the two sides is
shown in the following scheme :—

No. of
pairs with No. of No. of
Difference |theR.and pairs pairs
between | L. bones with A\;;erx;a._ge v}\:itlﬁ P A\;‘x::ge
No.of | the means | differing | Per- | the R. | Per- the L. er-
Boe. Sex. pairs.| of the |from one|centage.| bones |centage. ponderance bones | centage. ponderance
R. and L. | another greater of R[" greater 03;1‘}“
bones.t by less than over L. than .
than 1 the L. the R.
millim.
' millims, er cent. er cent.| millims. per cent. | millims.
p perc .
Femur .| & | 47f| —111 10 218 | 17§ | 362 | - 252 28§ 596 340
(Oblique) | ¢ | 66 —1-55 12 181 | 18 27-3 2:74 46 697 330

* The ratio-curve, we should expect, would give some signs of its compound nature, for the femur,
in proportion to the tibia, is slightly shorter in man than in woman, as we shall see later on.

+ These means were found by direct addition and division, and not from the centroid of the polygon
in which the measurements were grouped. With such a few observations, a slight difference would be
expected to occur.

t T have omitted a doubtful pair here, No. 874. It was included in Table I.

§ These numbers were obtained by using all the bones, whether they differed from one another by
less than 1 millim. or not. '
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These results are similar to those obtained by Dr. J. G. GArsoN,* who some years
ago investigated the subject of “ side ” on a series of 70 femora and tibiz belonging
to different races and to both sexes. Out of his 70 pairs of femora, the right and
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left bones differed from one another by less than 1 miilim. in 9 cases (12°8 per cent.),
while in 20 cases (28'6 per cent.) the right was greater than the left, and in 41 cases

¥ ¢ Journal of Anatomy,’ vol. 13, 1879,
LU
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(585 per cent.) the left was greater than the right. It was also noticed, that when
the right bone was greater than the left, the difference between them (average
preponderance = 2'9 millims.) was as a rule somewhat less than when the left was
greater than the right (average preponderance = 3'8 millims.). A similar tendency
can be seen in the present results.

An examination of the above table would appear to show that the difference
between the means of the two sides was rather greater in woman than in man, and
from this we should anticipate that there would be fewer cases in which the left
bone was shorter than the right, and such we find actually occurs.

The standard deviations and the coefficients of variation appear to indicate no
constant difference between the variability of the bones of the right and left side.

The Length of the *“ Neck 4+ Head” of the Femur.

This dimension was measured from the point O (see Plate 22, fig. 1) to the point
where the axis of the neck intersects the surface of the head. The latter point was
always situated a short distance above the fossa for the interarticular ligament.

The measurements were expressed in terms of the maximum length of the femur
(AB), and also in terms of the length of the shaft (OD). The results are given in
Table TII. The constants thus found show that the length of the neck -+ head in
proportion to the length of the femur is greater in the male than in the female ; also,
according to both absolute and ratio-measures of variability, man would appear to be
more variable than woman in this respect.

To ascertain the relationship between this length and the effective length of the
femur (obhque length), a correlation was instituted between the two dimensions.
Table IV. gives the means and variation constants of the pair of dimensions for each
sex. The “»” to the right of the table is the *coefficient of correlation.” This
fraction expresses the relationship between the parts such that

It X = the average deviation of neck -+ head associated with a known
mean deviation of a group of femora ;
A = this known mean deviation of the femora ;
Qy = an absolute measure of the variability of neck - head;
Qy = the similar measure of variation of the femur;

il

then

X/Qu = 7, Therefore X = (rQy/Qr) A.

rQx/Qr 18 ca,ﬂed the ¢ Coefficient of Regression.”
‘These coefficients of correlation (otherwise known as GGALTON'S Functions) were
determined by means of the formula used by Professor PEARSON, *

* < Phil, Trans.,’ A, vol. 187, 1896, pp. 253-318.
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_ 3. deviation of A from its mean x deviation of B from its mean

No o

H

149

where n = number of observations, and o,o; are the standard deviations of the
dimensions A and B respectively.
The probable errors of the coefficients were calculated from the formula,

06745 =

1 -

Tasre ITI.

Neck + head of femur

~ Maximum length of femur '

Male series.

Female series.

Unit = 0004 Unit = 0004
of the length Thm;sandths of Frequency. | of the length Thole:sandths of Frequency.
of the femur. emur. of the femur. emur.
1 135-138 1 1 129-132 1
2 139-142 0 2 133-136 0
3 143-146 3 3 137-140 2
4 147-150 4 4 141-144 2
5 151-154 3 5 145-148 12
6 155-158 10 6 149-152 17
7 159-162 11 7 153-156 25
8 163-166 6 8 157-160 12
9 167-170 4 9 161-164 11
10 - 171-174 1 10 165168 4
11 175-178 2 11 169-172 0
’ 12 173-176 1
No. of individuals . 45 No. of individuals . 87
Mean . .o = 1586333 Mean . .o = 154:0402
Standard deviation = 84894 Standard deviation = 71932
Coeflicient of variation . = 5352 Coefficient of variation . = 4670
Neck 4 head of femur
Length of shaft
Male series. Female series.
Mean. . v. Mean. o. l v.
183:855 10-585 5757 179:029 9023 i 5043




150 MR. E. WARREN ON THE VARIABILITY OF THE HUMAN SKELETON,
TasLe IV.

Correlation between neck + head of femur and the oblique length of femur.

No. Dimen Dimen Probable
Sex.| of indi- sion Mean. . v. sion Mean. . v. 7. error
viduals. : : of r.

é 43 Neck | 71604 | 4:940 | 6:899 | Femur | 448395 | 18952 | 4-227 | 06939 | 0-0438
+head . .
? 61 Neck | 65131 | 4'503 | 6914 | Femur | 420:049 | 19637 | 4:675 || 06772 | 0-0387
+ head

The coefficients of correlation which have been obtained for the above-mentioned
pair of dimensions are fairly high, showing that the length of the neck 4 head varies
simultaneously and more or less proportionally to the variations in the oblique length
of the femur.

Other things being equal, an increase in the length of neck -4 head must neces-
sarily increase the oblique length of the femur, and so from the nature of the case a
certain amount of correlation must occur. But since the probable error of this
dimension is very small in comparison with that of the whole length of the femur,
this incidental correlation cannot be large. It may be stated, then, that most of the
correlation which has been detected is due to the relation which exists between the
variation in the length of the neck 4 head and that of the shaft of the femur.
What was required to be known in the present case was how the deviations in the
length of the neck 4+ head are associated with deviations in the effective length of
the femur, and under this aspect of the problem the different causes producing the
correlation do not concern us.

Man is perhaps slightly more correlated in this respect than woman, but since the
probable errors of the coefficients are so considerable, we can feel no confidence in the
difference which is shown.

The Angle of the Neck with the Shaft.

This angle was measured by the method previously described; the results are
summed up in the left half of Table V.

The mean angle is 2°56 higher in the female than in the male ; also the constants
of variation appear to be greater in the former than in the latter.

Table VI. gives the coefficients of correlation between the angle of neck and the
proportional length of head 4 neck to maximum length of femur. We see that the
correlation is negative, indicating that a femur having a proportionally short neck
and head will, as a rule, possess a somewhat high angle.
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TasrLe VI
Sex. No. Dimension. Dimension. 7. Proba;l;li error
Neck + head ) )
3 45 Angle of neck - Tomur (maximum) — 0345 0-084
9 88 " ” — 0273 0-064

Professor HumpHRY * has stated that this angle ¢ is smaller in short bones than in
long bones,” and “in women than in men.” My measurements do not seem to
confirm this conclusion, and it is not clear how the method of measurement would
account for the disagreement. We have previously seen that women possess a
short neck -+ head in proportion to the maximum length of the femur, and we now
see that in both sexes such a condition tends to be associated with a high angle. In
conformity with this, the mean angle in woman might be expected to be slightly
higher than in man, and this is what we find in the present measurements.
Dr. JomaNn Mikvuriczt has measured the angle of the neck on 100 femora
from the Vienna hospitals. He gives the mean angle as lying between 125° and
126°, but the sexes are mixed. This is practically identical with the mean of
Table V. The table which MikuLicz publishes shows very little correlation between
the length of the inferior extremity and the angle of the neck, and in the case of the
New Race the correlation is very slight, but apparently positive. With regard to
sex differences, nothing that is really satisfactory can be deduced from his measure-
ments. I do not think from the data which are at present available that it can be
safely concluded that this angle in Europeans is as a rule smaller in women than
in men.

The Angle of Torsion.

The method of measurement has already been described. The true angle of torsion
is given by the angle which the axis of the neck makes with the transverse axis of
the lower extremity of the bone. The angle which was measured is the angle that
the axis of the neck makes with the vertical plane touching the posterior surfaces
of the condyles when the bone is held upright. This plane, however, is nearly
parallel {o the transverse axis.

The measurements are given in the right-hand division of Table V. The mean of
the female series is 4°°39 higher than that of the male. MikuLIcz has measured the
angle of torsion in 120 Furopean femora ; although his method of measurement

# ¢ Journal of Anatomy,” vol. 23, 1889.
+ ¢ Archiv fiir Anatomie,” 1878.
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differs from mine, yet our results are comparable. The mean angle of his series is
12°. In 10 cases the angle of MIKULICZ'S series was negative, that is, the neck
turned posteriorly instead of anteriorly. In my series only one negative angle was
found, and that was in a left femur; the measurements I have recorded are those of
the right femur. The table which MikuLicz gives shows a range from — 25° to
+ 87° (sexes mixed), while my series ranged in the male from + 2° to + 39° and in
the female from + 9° to 4 42° It will be seen from these figures that the torsion
of the femur in Europeans is very considerably less than in the New Race. We may
hence conclude that the torsion-angle in the femur differs very widely in different
races.

The Relation between the Maxvmum and Oblique Lengths of the Femur.
The ratio of the maximum length (OB) to the oblique length (O'B) will give

the secant to the angle () which the condyles make with the horizontal plane
when the bone is held vertically in the “ maximum

position.” This angle « is equal to the angle of
deflection of the line OB from the vertical when
the bone is placed in the “ oblique position.”

From Table VII. we see that the angle a is
1°°43 larger in the female than in the male.
‘Now, there is apparently no correlation between
this angle and the length of the femur (see
Table VIIL); consequently it would seem that,
other things being equal, the size of the angle
depends upon the width of the pelvis. We have
previously seen that long femora tend to have a
proportionally long neck and head (NH), hence, in
tall persons this angle is not necessarily altered, since the shaft of the bone is thrown
a little further outwards by the increase in the dimension HN.

From these considerations it appears highly probable that a fairly strong corre-
lation would be found to exist between this angle « and a suitable breadth-
measurement of the pelvis, such as the distance between the centres of the acetabula.

The coefficients thus obtained might be of very great service in determining the
breadth of the pelvis of prehistoric peoples by means of their femora.

VOL. CLXXXIX.-— B, X
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TasLe VIL
The angle which the condyles of R. femur make with the horizontal plane when the
bone is held upright in the “ maximum position.”
Male series. Female series.
Unit = 1° Degrees. Frequency. Unit = 1° Degrees. Frequency.
1 0 1 1 2 3
2 1 0 2 3 4
3 2 3 3 4 4
4 3 7 4 5 17
5 4 12 5 6 13
6 5 7 6 7 18
7 6 23 7 8 22
8 7 11 8 9 14
9 8 8 9 10 13
10 9 6 10 11 2
11 10 2 11 12 1
12 13 1
13 14 1
No. of individuals 80 No. of individuals 113
Mean . . . . . . .= 57875 Mean. . . . . . .= 72212
Standard deviation . . = 2°0637 Standard deviation . . = 2%3164
Coefficient of variation . = 35658 Coeflicient of variation . = 32078
TasLe VIIL
Correlation between angle of condyles and maximum length of R. femur,
Sex. | No. Bone. Mean. o. Angle. Mean. a. 7. Probable
: error of r.
3 80 | Femur | 4593125 | 252365 | Angle of | 57875 | 2:0637 | —0'0395 | 0:0752
condyles
? 113 » 426:3717 | 210211 ” 72212 | 2-3164 00192 | 00634
Tae Tisia.

In Table I. are given the means of the different measurements made on the tibia.
With regard to the standard deviations it may be noticed that the maximum
length is the most variable dimension in both the male and female, while the
distance from centre to centre of articular surfaces would appear to be the least
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variable. Reference to the coefficients of variation shows us that the variability is
roughly proportional to the length of the dimension; and this is what we found in
the case of the different bones, namely, that the longer a bone the greater, as a
general rule, is the absolute variation which it exhibits. We now find that the
same law holds with respect to different parts of the same bone. ‘

Among the tibize some typical examples of the condition known as platycnemia
occurred (see Plate 22, Tr. T. 40 and 7. 382). It was well marked in 8°5 per cent.
of the male series and in 4'6 per cent. of the female, and so, like the pilastric femur,
it is less frequent in woman than in man. To give some notion of these groups,
I obtained four platycnemic indices ;* they were 50, 527, 59, 64.

Although it is impossible by mere inspection to give a trustworthy account of this
character, yet it may be stated that a platycnemic tibia was frequently associated
with a more or less pilastric femur. Thus, in the same skeleton, there seems to be
some correlation between the tibia and femur in this respect.

It would be very desirable if the pilastric and platycnemic indices were found for
all the couples of these two bones, for then the coeflicient of correlation between the
two series of indices would accurately measure the relationship which exists between
these two conditions in the same skeleton.

Many of the tibize, and especially the platycnemic ones, exhibited a very marked
curvature of the upper end, such that, when the shaft of the bone was held
vertically, the upper part was obviously bent posteriorly.

M. PauL Broca originally considered that platycnemia was a sign of degeneration,
but he held that the possession of a pilastric femur was a character of superiority.
Professor MANOUVRIERT has since pointed out that there are certain differences
between the platycnemia in man and that in the anthropoid apes, as exhibited in the
gorilla.  Platycnemia is due to the antero-posterior expansion of the bone, especially
behind the interosseous ridge, and concurrently the posterior surface may disappear.
Over the expansion spreads the attachment of the tibialis posticus muscle. In some
of the tibize of the New Race the surface of attachment of the tibialis anticus was
very markedly hollowed out. In the platycnemia of the gorilla both the tibialis
posticus and the flexor longus digitorum are inserted on the outer side of the
expansion ; while in the platycnemia of man the latter muscle comes to be inserted
on the inner surface, being pushed round, so to speak, by the great extension of the
area of attachment of the tibialis posticus. (See Plate 22, fig. T. ., T. 40.)

A careful examination of the tibise of the New Race confirmed this view, and the
connection between the antero-posterior extension of the tibia and that of the femur
in the same skeleton would seem to demonstrate that both characters are due to

Trans diameter

* Platycnemic index = .
v Anutero-posterior diameter

x 100 measured at the level of the nutritive
foramen.
+ ‘Mém. de la Soc. d’Anthropologie de Paris,” vol. 3, 1888.
X 2
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similar causes, and that the platycnemia, as ordinarily exhibited in man, is not a
reversion to a simian character, for the pilastric femur is essentially human.

Here, then, we appear to have a character which is produced by the direct action
of use, and probably any hardy race of hunters would exhibit the flattening to a
greater or less degree. A tibia assumes its platycnemic form only after puberty,
and it would be exceedingly interesting to know whether this character, which seems
to be purely ¢ acquired,” could be inherited.

Some years ago, Mr. ARTHUR THOMSON* drew attention to the fact that in many
savage races a facet could be found upon the anterior margin of the articular surface
of the tibia with the astragalus. He also noticed that, in the tibize exhibiting these
facets, the external condyloid surface was frequently flattened, or even convex.
These characters he attributed to a frequently-assumed squatting posture. In the
majority of the tibiee of the New Race this facet could be detected, also, in the same
bones the outer condyloid surfaces were often convex, instead of being slightly
concave. We may hence conclude that ¢ squatting” was the habitual custom of the
New Race. .

As it has been above remarked, many of the tibiee exhibited a strong backward
curvature of the upper extremity. Professor MANOUVRIER has pointed out that
such a curvature would serve to increase the resistance to an anterior sliding of the
condyles of the femur in flexion of the leg. MANOUVRIER is inclined to attribute
this curvature to the same causes as those producing platycnemia, and my observa-
tions are in accordance with his view, in that the platycnemic tibiee were generally
greatly bent. I could trace no connection between this bending and the presence of
facets or of the convexity of the outer condyloid surface, for sometimes there was a
strong curvature, but no facets could be distinguished, while on the other hand,
nearly straight tibiee often exhibited both facets and convexity of the surface.

The Length-Measurements of the Tibia.

The measurements which were made on the right tibiee are recorded in Table IX.
In the division to the right the sexes are mixed, but the measurements are expressed
in terms of the maximum length of the femur.

The frequency polygons are shown in Diagram II. Considering the fewness of
observations they are fairly regular.

The dispersion about the mean is clearly asymmetrical, and consequently nothing
but some form of skew curve would fit our frequency curve. The critical function of
the curve obtained from the absolute measures is negative in both sexes, and so a
limited range is indicated In the case of the 115 female tibize, the theoretical range
is 2678 units, while the observed range is 15 units.

* ¢ Journal of Anatomy, vol. 23, 1839.
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TasLe IX.
R. tibia measured from centre to centre of articular surfaces. ! R. t1?éaﬁliipggs:}g?nfﬁnzligﬁzatﬁ¢)i‘ths of
Male series. Female series. Sexes mixed.
: : Units
Ui | Abolite | g | Uns | oAb | e | GG Thowendis | o
millims, millims, quency. || mijlims. millims. quency. ||the length|  of femur, quenay.
of femur.
1 311-316 1 1 289-294 2 1 725:1-731'6 1
2 317-322 0 2 295-300 1 2 731:7-738'2 2
3 323-328 0 3 301-306 1 3 738:3-744-8 2
4 329-334 2 4 307-312 5 4 744:9-751-4 1
5 335-340 1 5 313-318 12 5 751-5-758:0 1
6 341-346 7 6 319-324 9 6 758'1-764-6 9
7 347-352 12 7 325-330 12 7 764r7-771-2 11
8 353-358 9 8 331-336 14 8 771:3-777'8 20
9 359-364 11 9 337-342 16 9 777-9-784-4 21
10 365-370 10 10 343-348 18 10 784r5-791-0 29
11 371-376 9 11 349-354 11 11 791°1-797-6 22
12 377-382 8 12 - 355-360 6 12 797-7-804:2 20
13 383-388 6 13 361-366 . b 13 804-r3-810-8 20
14 389-394 5 14 367-372 2 14 810:9-8174 11
15 395-400 2 15 373-378 1 15 817-5-824-0 8
16 401-406 1 16 824-1-830-6 5
17 407-412 1 17 830-7-837-2 2
18 837:3-843'8 1
19 843-9-850-4 1
20 850-5-857-0 1
No. of observations . 85 No. of observations .| 115 No. of observations .| 188
Centroid = 9-6118. Centroid = 8:3652. Centroid = 10-5160.
pny = 88983, = 29830. po= 8068l. o= 28404, o= 99696. ¢ = 31574
py = 1'0871. p, = 232-5320. py = — 44798, p, = 181-9103. g = 14866, p, = 352:1503.
By = 00017. B, = 29368. Bi= 00382 By= 279 By = 00223. B, = 35430.
Critical function = —0-141. . || . Critical function = — 0'525. ||  Critical function = 1-:019.

The following observations have been made on the relative lengths of the right
and left tibiee of the same skeleton. In the male “ pairs” the mean of the right
bones was 0'77 millim. lower than the mean of the left, and in the female series it
was 1'05 millim. lower :—

No. of
pairswith No. of No. of
Difference |the R. and pairs pairs
between | L. bones with Av;::,ge with A \;il;a._ge
No.of | the means | differing | Per- | theR.| Per- - the L. Per-
Bone, Sex. pairs.| - of the |from one |centage.| bones | centage. p on(()itng'?nce bones | centage. pon(()iferlimce
R.and L. | another greater : greater d
bones.* by less than over L. than over B.
than 1 the L. the R.
nillim. )
Tibia ) millims. percent, per cent.| millims. per cent. | millims.
(centreto e 57 | —077 13 -22-8 20 351 241 35 614 2:64
el j 9 |100| —105 | 25 |2 | 35 | 35 152 | 62 | 62 2:56

* See the notes which are referred to in the similar table of the femur.
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Here, as in the case of the femur when the right bone was longer than the left, the
difference tends to be somewhat less than when the left was greater than the right.
Also the difference between the means of the right and left bones was greater in
woman than in man. ‘

We have previously seen that the difference between the means of the right and
left femur was — 1°11 millim. in the male and — 1'55 millim. in the female. Hence
we find that in the New Race the mean excess of L. femur 4+ L. tibia over R. femur
-+ R. tibia was in the male about 188 millim., and in the female about 2:60 millims.

Dr. Garsox stated that in his 70 skeletons the average preponderance of the
left limb over the right was 1'5 millim. Also, from certain measurements given by
Sir Wirrtam TurNER, it would seem probable that considerable differences exist
among races as regards the mean length of the bones on the two sides of the body.

Tee Fisura.

The maximum length of the bone was taken. Among the fibulee 8 per cent. were
excessively flattened or channelled out laterally by deep longitudinal grooves, and
11'3 per cent. exhibited this character to a somewhat less degree. As we should
have expected, the flattening of the fibula was related to the platycnemia of the
tibia, so that a platycnemic tibia was frequently associated with a more or less
channelled fibula.

Like the tibia, the left fibula is longer than the right.

Tue HuMeRrUS.

Both the maximum and the oblique lengths were measured on this bone. The
means of the measurements are given in Table L

Perforation of the septum between the coronoid and olecranon fosse occurred
with remarkable frequency. In some cases the septum had obviously been broken,
occasionally it was not easy to be sure whether the perforation was real or had been
accidentally produced. Whenever any doubt existed on this head the humerus was
-excluded from the following statistics :—

Out of 126 pairs.
No. of No. No. of No.
; humeri | which Per- humeri | which Per- No. of pairs . R
Hex. of right | were per-| centage. | of left |wereper-| centage. | with b%f,h N(;)h oRf %’mr S Ngh‘}f %an‘s
side. | forated. side. | forated. right and left | "~ o t(’ge wi o t"ge
bones per. | Perforate perforate:
forated. only. only.
per cent. ) per cent.
3 80 17 21-2 82 28 341
Q 109 50 459 125 71 568 .o .
Sexes mixed | 232 84 362 280 134 47-8 44 8 R 25 .
(=349°) | (=63°/;) | (=197°/,)
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An examination of these figures will show that perforation occurs more frequently
in the female than in the male, and on the left side than on the right.

From observations on the elbow-joint, it appeared to me that perforation is largely
dependent upon the relative sizes of the olecranon and the olecranon fossa. When
the parts were of such a size that on extension of the forearm the beak of the great
sigmoid cavity came into contact with the septum, then that septum was generally
perforated. The greater frequency of perforation in the female may, perhaps, be due
to two causes; (1) the humerus is less robust, and, consequently, the septum is
thinner and more readily perforated; (2) and possibly the olecranon is relatively
somewhat smaller in woman than in man, for a very slight relative decrease in the
size of the olecranon would have a great effect in bringing the beak into contact
with the septum. T believe that the perforation occurring more frequently on the
left side than on the right is due to this latter influence, for the left olecranon
is probably somewhat shorter than the right, because the total length of the left
ulna is very appreciably shorter, and it would seem feasible to suppose that the
length of the olecranon would be proportional to the total length of the bone.

The strong anterior curvature of the proximal end of the ulna would also help to bring
the beak of the olecranon against the septum, and this might perbaps partially account
for the incurved ulna and perforated humerus occurring together in certain races,*

Dr. Paur TorINaRD' has given the following statistics :—

: 