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We k i i o ~ ~  that tlie c#haidactei*istic foviii of the proximal end of 
the feiiiur is conditioned chiefly by angulatioii aiid torsion, part- 
ly in the frontal, partly in  the sagittal plane. Its coiifigui*ation 
is liable t o  considerable variations, as well individually, in the 
different races aiicl a t  different periotls of life, a s  under pathol- 
ogical conditions of one kind or other ; aiicl these variations have 
been the object of thorough study on the par t  of both anthropol- 
ogist and orthopedists. Thus in lS'iS, Mikzclicz published the 
results of his measurements of a large iiumber of specimens, 
and among the many others who in tlie course of years have dealt 
with the question from rarious points of view and have given 
valuable conti4mtions to its solution may be mentioned Martin, 
E'riecllandel; Drehnaaizn, Gaston Backman, Hnglund, Le Da- 
naany, Gri~nett;aEcl, Laiige aiid Pitzen, T'nlentin, Meyei; Xchramna, 
Schult: aiicl Schertlein. The research methods used by these 
authors have been either authropologic or  roentgenologic. 

Before speaking about the details of the anatomy of the 
proximal end of the femur i t  max be advisable to settle the mat- 
ter of terminology, a s  in not a few instances mistakes have arisen 
through different teriiis being used by the different authors to 
designate one and the same thing. 

The angle formed by the cliaphysis and the axis of the collum 
is usually called the collo-diaphysenl angle. Martin, as well as 
Backman (who has indicated a method for the anthropological 
mensuration of the angles of the proximal end of the femur) 
determine this by measuring the angle formed by two straight 
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lines : one passing through the niicldle of the caput and colluin, 
the other drawn from the upper to  the lon-er encl of the dia- 
physis. Tn m y  roentgenological measurements I have used the 
wnie lines. except tha t  instead of the mid-point of the diqtal end 
of the ferniir I have chosen a point about 10 cm. below the lesser 
trochanter ; because the film does not take in the whole length 
of the femur. 

Yhe  decintion of thc  prozimnl ciirl of the  f ~ m u r  front tlie 
horisontnl p l a n e  is  more complicated, inasmuch as i t  is made 1117 

of several tliffereut components. It is conditioned by a grai lual l~ 
occuiaring rotation of the n hole upper end of the femur in rela- 
tion to  the shaf t ;  but  this torsion iiiclucles not only the entire 
proxinial end of the femur; also the collum and the caput may, 
independently, be placed a t  angles in  relation to adjoining parls 
of the bones. ,!cwtin-from the anthropological point of 1. iiew- 
designates as  ,angle of torsion<< the angle which the bicondylic 
tangent forms with the axis of the caput and collum (measured 
between their mid-points as viewed from straight above). Bacli 
wa?a, wo measures the same angle. calls i t  xuigle of rotation<<. 
Drehmnnn, on the other hand, as Tvell as Lnitge and Pitzcw, who 
have given considerable study to the matter, designates the twis- 
ting of the whole upper end of the femur in relation to the coii- 
dylic plane as torsion, while the angle which the axis of the col 
lum forms with the proxinial end of the femur is by them called 
xol lum version<<, and the angulatioii of the caput x a p u t  ver- 
sion(<. If there is any angular bend of the collum itself they call 
i t  ,flexion<<. 

Schl-anzm uses the term: collr~ coizdylic angle to  designate the 
twist of the whole upper end of the femur, ancl divides this into 
three components ; namely, (1) the angle  of torsion,-which 
indicates only the twist of the shaft, beginning a little below the 
lesser trochanter and encling in  the intertrochanteik line ; ( 2 )  
the versio colli, and (3) the flegio colli; the two latter of which 
he defines in  the same manner as the two authors just men- 
tioned. 

It is, of course, rather immaterial whether one designation 
or the other is used ; the main thing is tha t  the definition of the 
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chosen term is given so exactly as to preclude all possibility of 
mistake or confusion. 

The only two angles of any practical importance are the oue 
which the entire proximal end of the femur forms with the 
bicondylic tangent, and the one which the caput-collum axis 
forms with the horizontal plane. The first of these I have in 
my measurements termed the angle of torsion of the proximal 
clzd of the femur; the second I have called the angle of torsion 
of the caput-collum asis. Sometimes, but not always, these two 
principal angles of torsion coincide. If the last named i p  the 

Fig.  1. 

smaller of the two, it means that there is a retroversion of the 
collum + caput equal to the difference between the two angles ; 
if it is larger than the other it means that there is anteversion. 
In  order to avofd all possibility of mistake I have in Fig. 2 tried 
to visualise both angles. The line ab, which connects the mid- 
point of the caput with the mid-point of the distal end of the 
collum, forms with the horizontal plane the angle which I have 
called the angle of torsion of the caput-collum axis; and in the 
same way the line cd, drawn between a point in the middle of 
the lateral part of the shaft, immediately distal to the plane of 
the lesser trochanter, and the mid-point of the caput, forms with 
the horizontal plane the angle of torsion of the proximal end of 
the femur. 

From the studies of Friedlulzder, Le Damany, Drehmann and 
others, and especially from the researches of Lange and Pitxen, 
we know that under physiological conditions a regular change 
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of the torsiou takes place, beginning a t  an early period of the 
fetal stage, aiid terminated, in  the niain, by the third or  foui.th 
gear. As to the details of this process there is a certain diversity 
of opinion, but on the whole it may be said-following Langc 
and Pitseiz-that during the secoiid and third months of fetal 
life there is no antetorsion at all, but rather a certain degree of 
retrotorsion. During the fourth month this priniitire form under- 
goes considerable changes ; a markecl antetorsion takes place, 
which reaches its culmination already during the fifth and sixth 
fetal nioiitlis, mhei*eupoii i t  remains fairly stationary until the 
second to fourth year of life. From then oii\raid the torsioil 
again diminishes somewhat until the subject reaches the age of 
full growth; but in reality this diminution is in the inajority of 
cases conditioiied by retroversion. 

The collo-diaphyseal angle, which is hardly indicated during 
the fetal stage, gradually develops up to the third o r  fourth year. 
JT’hether it afterwards continues to diminish, up to  the age ot 
f u l l  growth, and whether there thus takes place a gradual change 
froin collum mlgum to collum varuiii, is a question that hay 
given yise to inurh discussion, a i d  on which opinion has berii 
much divided. A detailed review of tlie problem, which is in- 
terestiiig both from the aiithropologic and the orthopedic point 
of view, niay be found in a paper by VC;nZcizti)z (see the appended 
list of literature). I n  the present connesion, where I am dealing 
chief13 with a question of methods, I clo not feel that the mattel. 
need be gone into at greater length. 

Both the collo-diaphyseal angle and the angle of torsion are 
liable to considerable physiological variations in different in 
divicluals aiicl races. According to Martin, the individual varia- 
tion in width of the former is very great, namely a s  much as 
23O. The mean average for the different reaces has been found 
to range froiii 12l0 in the Indians to 133O in the Swiss. As fo r  
the torsion, Mai-tin states that  the mean figure varies, in tlie 
different races, between So and 35O, while the range of individual 
variation niay even be as  much as  67O; namely from - 25O to 
-I- 42O. Negative angle values are very unusual, however. In  71 
femoral bones measured by Lunge and Pifcen by the method 
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already described, they founcl the width of the angle to range 
from 3" to &So: in 43 per cent. of them the width mas from 
15O to 25". 

The anthropological studies liere briefly referrecl to are based 
on skeletal measureiiients. Against the greater part of tlieiii it 
iuay be objected that no distinction has been made-nor could 
possibly hare been iiiacle, of course,-between iioimal aiicl path- 
ological cases. 

Atteiiipts to cleteriiiine the angles in question under normal 
coiiditioiis on living subjects hare by no means been lacking, 
hut the izesnlts have been iiiore or less accurate, owing to  the 
sliortconiings attaching to  the methods hitherto employed, which 
hare been chiefly roentgenologic. Already in 1906, in a paper in 
tlie transactions of the Upsala Medical Society, where tlie func- 
t ional consequences of assymetrical collum angles were cliscus- 
secl, Ilagluncl callecl attention to the sources of error in coii- 
iiesioii with the roentgenological determination of tlie collo- 
cliaphyseal angle ; and his iaeniai*l;s apply to the angle of torsion. 
as well. An exaiiiiiiation on extensive lines, by reliable ment- 
geiiological methods, of normal casea, inclncliiig individuals of 
cliffereiit races aiicl of different age, slionlcl be of consiclerable 
interest. 

Pathological changes of the proximal end of the feniur w e  
founcl chiefly in coiiiiesioii with cosa \-alga and cosa vara defo,,- 
iiiities of the hip, and in cases of coiigeiiital luxation. They have 
been tlie object of thorough study 011 the part of tlie orthopedists, 
but even a brief i*eriem of those studies lies outside the scope of 
the present investigation, which is concerned principilly with 
noi*iiial conditions. Besides, the shortcoiiiings attaching to the 
niethocls employed have, of course, also in those cases niacle i l  
iiiipossible to obtain results that  may be consicleiaed as absolutely 
reliable. If a clearer insight iiito those questions is to be ob- 
tained, it is therefore necessary, first of all, to finel a iiietliod of 
iiicestigatioii iiirolving a minimum of sources of erro1.. 

FOP purely anthropologic, skeletal mensuration, serviceable 
methods hare been indicated, for instance by B2ncl;man in a 
paper published in 19%. The illustrations Pig. 2 and Fig.  3 are 
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taken from that  work, and show his method for determining the 
collo-diaphyseal angle and the angle of torsion of the caput- 
collum axis. The method used by Lange and Pitxen for determin- 
ing the torsion of the proximal elid of the femur is as  follows: 
The femoral bone is laid on a flat table in such a manner that  
the posterior surfaces of the condyIes rest firmly 011 the la t ter ;  

Fig. 2. 

a sheet of glass is placed tangentially on the anterior surface 
of the neck of the femur; where-upon the angle which this sheet 
of glass forms with the surface of the table is measured. 

I n  the case of living subjects entirely different methods are 
required, of course. The attempts made before the advent of 
roentgenology, with palpation and measuring, must be consid- 
ered as very unreliable. The introduction of roentgen examina- 
tion, and the gradually improved methods of the latter, have 
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iindoubtedly brought the matter a step forward ; but, as already 
said, the problem can hardly be considered as definitely solved 
yet. 

Before proceeding to describe the method evolved by myself, 
and the results obtained by that  method, I wish briefly to review 
the more recent roentgenological investigations into the subject. 

As regards, in the first place, the collo-diaphyseal angle, it 
is impossible to determine it directly from the roentgenogram, 

even with the femur in medial position, because the angle ob- 
tained is, of course, a projected-that is, an  apparertt-one, 
whose size depends upon the torsion. Schi*unwit, determining it 
arzatomically on 40 skeletal specimens, found for this angle a 
mean value of 118O6’; while, on determining it roentgenologicully 
-that is, projected-in 20 subjects (= 40 femora) of ages ran- 
ging from 5% to 60 years, he got a mean value of 134O5’; in other 
words, a considerable difference. Lange has indicated a method 
for determining the collo-diaphyseal angle approximatively. It 
is based on the distance of the lesser trochanter from the hori- 
zontal line of the dome of the caput, and is intended by him 
especially as a means of establishing the diagnosis of respective- 
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ly coxa vara and coxa valga. It may be useful for practical pula- 
poses, but it gives no exact measurement for the angle. 

Among the attempts to determine the angle of torsion roent- 
genologically, those of L3chzrlts and 8chertlei.n deserve to be spec- 
ially mentioned. The fornier uses Lauenstein’s position-the leg 
flexed, abducted and rotated outwards-with a special arrange- 
ment for controlling the horizontal disposition of the axis of 
the condyle. The method is comparatively simple. and is in 
principle similar to  the one employed by me, inasmuch as  i t  
enables one to  determine the augle directly ; but  according to  
Xehultz himself it gives the value only to within as much as 13. 
degrees of possible error. Schertlein takes two roentgenograms 
-with the patient i n  two positions, in planes a t  right angles to 
one another,-one in  frontal projection, the other a t  a n  angle 
of !loo to the frontal plane, and thus obtains two values for the 
projected-i. e. the apparent-angles. not for the t rue ones. 
From these he then calculates the true angles-both the collo- 
diaphyseal and the angle of torsion-by means of a rather com- 
plicated mathematical deduction. Against this method i t  inay be 
objected, among other things, tha t  the combination of the two 
projections is liable, in certain cases, to increase the source of 
error that  must already be reckoned with from either of theni. 
Neither Sehult,- nor SciLerttcin records any considerable numbel. 
of cases examined. 

I now proceed to a description of my own method. As already 
said, roentgenography with the leg in medial position gives a 
\vrong picture so fa r  a s  the purpose of determining the collo- 
dinp7i1~lsen7 angle is concerned, owing to the physiological torsion 
of a portion of the proximal end of the femur, or, more exactly, 
of the caput-collum axis. I f  one knows the degree of this torsion, 
however,-which must therefore be determined beforehand-it 
is possible, by means of a comparatively simple mathematical 
calculation, to  find the t rue angle. It is this fact  of which I have 
niacle use for  determining the collo-diaphyseal angle. 

The ang7es of torsion, on the other hand-both that  of the 
proximal end of the femur and that  of the caput-collum axis,-- 
can be determined directly, by proper acljiistment of the tube 
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and cassette in relation to the patient. All that is needed is, 
with the fenmr in medial position, to direct the ray at right 
angles to the axis, and to place the cassette parallel to the latter. 
The manner of this adjustment will be seen from Fig. 4, which 
is horrowed from a paper by Wittek-fYaltxberg, who has devised 
it as a method for taking lateral pictures of the hip-joint in 
general, but not for the special purpose here aimed at. The 
degree to which the leg under examination is abducted is im- 

Fig. 4 .  

material. Nor is it necessary that the other leg should be flexed; 
it may just as well be abducted, just as, for instance, when it 
is a question of photographing a collum fracture during the 
process of reposition, when the sound leg has to be extended 
and abducted. I n  this way it is thus possible to determine the 
true angles-both those of torsion and the collo-diaphyseal one 
- by means of two exposures: an anterioposterior one in the 
usual manner, and a lateral one in the manner indicated above. 
The only condition is that in both cases the leg should be in a 
medial position. 

The way in which the procedure is carried out is as  follows. 
The patient lies on his back on the table, with his legs hanging 
down over the edge of the latter ; in which position the bicondyl- 
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ic tangent automatically comes practically parallel to the hoi*i- 
zoiital plane. The first exposure is  made with the tube focus 
centered as nearly as possible above the point of intersectioii 
between the axis of the collum and the axis of the diaphysis. 
With a focus-to-cassette distalice of not less than 70 c m ,  a slight 
inaccuracy of the centering will have no pratical influence on 
the result, as one may easily convince oneself by shadow ex- 

Pig. 5. 

perimeiits with a point of light, a piece of wire bent at  a n  angle 
and a sheet of white paper. A deviation of 3 em. in one direction 
or another will cause an  error i n  the projected angle of less 
than 3O. Before the exposure is made, three lead maikers are  
fastened 011 the skin over the estimated place of the caput, and 
three others on the anterior side of the thigh, just below the 
trochanter. Ey means of these it will be easy to mark the axis 
of the collum for tlie purpose of the next exposure (see Fiy .  G ) .  

For tlie second exposure, the tube focus is directed at right 
angles to the axis of the collum (determined as clesci4ml above) 
some centimeters above the plane of the trochanter (see Pig. 5) .  
The cassette is placed in a special stand, parallel to the saiiie 
axis, whereby it conies to project somewhat beyond the anterior 
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superior iliac spine. To the cassette is fastened a frame holding 
a water level? and this franie is pushed so far down on the 

fi’iy. 6 .  

cassette that  a projection of it is obtained when the exposure 
is made, whereby a fixed horizontal line is obtained for the 

fi’iy. 7. 

calculation of the angle. Pig .  7 shows a normal hip-joint roent- 
genographed in this manner. Also with regard to  this angle a 
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shadow experiment will prove that a slight deviation in one 
direction or another, in relation to tlie axis, has no practical 
influence on the result. 

To  calculate the collo-dinphyseccl angle one m a i h  on tlie 
roentgenogram (1)  the mid-points of tlie caput and collum, and 
( 2 )  the mid-point of the diaphysis in two plates: one below the 

F i g .  8. 

lesser troclianter, the other a s  far below this as the film permits, 
-say about 10 cni. It is advisable in one’s work always to make 
this distance the same, in order to get eoniparable values for 
the different cases. The point of intersection of the two lines 
thus obtained indicates tlie projected angle (see Fig. G )  . Fig. 8 
shows the mid-points lead-marked in this manner before the 
taking of the projected roentgenologic picture. It will be noticed 
that  the line systems agree almost exactly. 

The true angle-$-is found by means of the foi-mula cos .T 

= cos y cos 2, in which y is the projected angle, n~ the angle of 
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torsion of the caput-collum axis measured in relation to the 
biconclglic tangent (= the horizontal plane). 

The ~ncrthenzuticnl clctltiction i s  as follows. I n  the perspectivic 
diagraiu Fiy .  9, the true position of the caput-collom axis is 
inilic~atecl by the dotted line, tlie nnit lengtli of which is asuumetl 
to be 1. Its pmjection be, which lies in the plane of the paper, 
thns correspontls to  the capiit-colluiii as is  projected on the film. 
If 2 is the angle of toi*sioii, the length of be is cos x.  The angle y 

n 

D c 

I 
Fig.  9. Fig. 10. 

is tlriis the projected (apparent) collo-diaphyseal angle, and x 
the true collo-diaphyseal angle, which we set out to find. 

In  the supplementary construction Fig.  10, the angle ABC i s  
equal to y, and BC equal to Be = cos s. In  the right-angled tri- 
angle BCD, RD is equal to  BC cos (180 f y) = + cos y X cos C. 

I f  we now imagine the associate triangle moved over into 
the plane of the true angle x, where the line BC gets the length 
1 (the unit length), BD will remain the same a s  before; in this 
case equal to cos (180 + x) X 1 - f cos x. Hence we have 

Exanzple: If the projected collo-diaphyseal angle is 135O, and 
tlie angle of torsion of the caput-collum axis 20°, the true collo- 
cliaphyseal angle (x) is found by means of the equation: 

t COS X = f COS ?/ x COS 2, 01' COS X = GO5 $J x COS C. 
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('08 x = cos 1350 x ('0s 20° = + vos 45O X cos 30°; 
10s x = f 0.707 X 0.9/,0 = + O.G6'+; 
GO8 D = t c0.s 'IS"; 

= 1800 t $80 = 1 3 p .  
As already said, the most important angles of torsion, from a 

practical point of view, are  the wiigle o j  the capiit-collunL wxis 
with thc horicoiztnl p lane ,  and the  angle of tlw tlihole proximal 
cntl of the fcmur ic i th  the snnie p ln t i c .  

F ig .  11. 

The former angle is determined a s  follows. On the film one 
marks the centre of the caput (found by means of a pair of com- 
passes) and the middle of the collum close to the beginning of 
the trochanteric part. The angle which the line connecting those 
two points makes with the horizontal plane (in the film 
indicated by the shadow of the metal frame carrying the water 
level) gives the torsion of the caput-collum portion directly. It 
is this angle ( x )  that  one, as already said, uses in the formula 
given above to  determine the true collo-diaphyseal angle. Fig. 11 
shows the picture, taken in the manner already described, of a 
skeletised femur, in which the caput-collum axis is marked with 
a metal nail (just as in Fig. 1 ) .  As it will be seen, the line 
marked on the films as connecting the midpoint of the caput 
with that  of the distal limit of the collum coincides very nearly 
with the t rue axis, indicated by the nail. 
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The angle of torsion of the whole proxinial end of the femur 
is somewhat more difficult to determine: but also this can be 
clone, though perhaps not with quite the same accuracy. As al- 
ready said, Laitge and Pi tmn used, to determine this angle 
anthropologically, a sheet of glass placed tangentially on the 
anterior side of tlie colluni, and measured the angle which the 

Fiq. 12 

glass made with the horizontal plane. This line cannot be deter- 
mined on the film, however. Still, it is possible to locate its 
various points fairly accurately in  the latter, if one uses, instead, 
the straight line drawn from the middle of the caput to the 
mid--point of the vertical line of tlie shaft of the femur, just 
distal to  the lesser trochanter (where the torsion begins). Also 
this may be seen from Fig. 11, where the long metal nail forms 
the connecting line between those two points (cf. Fig. 1). With 
small lead markers have also been marked the middle of the 
anterior and posterior sides of the shaft of the femur, just below 
the lesser trochanter. The boundary line between the latter and 
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the shaft is easily determined on the roentgenogram. If a line 
drawn from this point a t  right angles to the shaft, is halved, 
ant1 the halving-point coiiiiected with the mid-point of the caput, 
this connecting line will coincide very nearly with the axis 
marked by the metal nail. I n  Fig. 7 ,  both the angles of torsion 
here cliscnssecl have been measured. That of the caput-colluin 
asis is  1Y, that  of the proxiinal end of the femur 20O. The retro- 
version of the caput-colluin axis is thus So. 

By the method here indicated it is also possible to determine 
another important variation of the anatomy of the proximal end 
of the femur, namely t he  l eng th  of the enpiit-collum axis, 
measured from the apes of the caput to the intertrochanteric 
line (or crest). It is  found by means of a comparatively easy 
niatheniatical dednction based on i ts  projected length in  the 
frontal picture. I n  the diagram Fig. 12 (next side), u is the dis- 
tance froin the tube fociis to the cassette, 7, the distance from the 
tube focus to the plane of the trochanter, c the length of the 
projected-and ~nlarg~d-caput-collum axis, 1 the actual length 
of this axis, which me are trying to f i n d  The angle 2 is the angle 
of the caput-collnni axis. 

The niatheniatical deduction is a follows. According to the 

rule of proportion we have 
b 1 = ~ _ _ ~  --. 

1 x cos z-b-lxsin z whence we get 
C a 

a c X cos z + sin z 
Ex:cinzple.-If the distance from the tube focus to the cassette 

is 100 em., to the plane of the trochanter SO em., the projected 
caput-collum axis 10 em., and the angle of torsion 2O0, the actual 
length of the caput-collum axis 1 will be equal to 

~~~~ - ~~ - - 8,2 cm. 80 - 
100 9.4 + 0.34 - j g  X 0.940 + 0.342 

I have examined by this method about a dozen normal hips; 
that  is, hips without even the slightest clinical indications of 
deviation from the normal. The result is shown in Table I; the 
cases being set down in the order of the increasing value of the 
projected collo-diaphgseal angle. 

25 
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TABLE I. 

Sex Age a b C d e  f 

8 60 jears  116O 113O 30° 27" 9 8.13 

0" 19 >> 125" 122O61 23" 20" 8.3 7.14 

8 44 3 130" 127"16 2 2  200 8.2 6.93 
0 66 >) 132" 13093 18O 16" 8.3 7.08 

8 28 >) 140" 136O04 22" 20'' 7.6 6.4.5 

3 ? >) 143" 134O33 29O 29" 6.9 6.2 
p 17 >> 144" 141O59 20° 15" 7.5 6.25 

3 56 >> 12So 123"27 2 3  17" 6 5.15 

a" 44 >> 1 2 7  12573 20° 14" 7 5.83 

g 42 >> 134" 133"58 1 5 O  8" 

d" ? >> 141" 134% 22O 23' 6 5.55 

-- 
i t  = projected collo-diaghyseal angle. 
1) = true, calculated collo-diaphyseal angle. 
c = angle of torsion of proximal end of femur. 
(1 = angle of torsion of caput-collum axis. 
e = projected length of caput-collum axis. 
f = true, calculated length of capnt-colluiu axis. 

These relatively few esamples, represeuting full-gi*o\ni iiitli- 
vitluals of varions ages, and chosrii at i~aiicloiri, show how greatly 
the width, especially of the collo-diaphyseal angle ( 113°-142D) 
(mi vary in functionally normal hips. Also 1 lie angle of torsion 
sliows consiclerable variations. 

Iu order to be able to clrtrrniiiie, a t  least approsiniatively, the 
t rile collo-cliaphyseal angle when the projected one and the angle 
of torsion are l i 1 1 0 ~ 1 1 ,  I Iiave worked out the following table 
('l'rcblc 11) according to the iiiatliematical forniula already given. 

TABLE 11. 

z 00 100 200 

9P 90 90 90 
looa 100 99.84 90.40 
l l O a  113 109.68 108.75 
120" 120 119.50 118.02 

130" 130 129.27 127.16 
140° 140 138.97 136.06 
150" 150 148.53 144.17 
1600 160 157.73 152.01 
1700 170 165.90 157,73 
180" 180 170 160 

Y 

300 400 500 600 700 

00 90 90 90 90 
98.66 07.64 96.41 94.98 93.41 

107.23 105.19 102.70 99.85 96.72 
115.65 112.52 108.75 104.48 99.85 

123.83 119.50 114.41 108.75 102.70 
131.56 125.93 119.50 112.52 105.19 
138.59 131.56 123.83 115.65 107.23 
144.47 136.06 127.16 118.02 108.75 
148.53 138.97 129.27 119.50 109.68 
150 140 130 120 110 

800 
90 
91.73 
93.41 
94.98 

96.41 
97.64 
98.65 
99.40 
99.84 
100 

900 
90 
90 
90 
90 

90 
90 
90 
90 
90 
90 
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s = the t rue collo-diaphyseal angle. 
y = projected collo-diaphyseal angle. 
z = angle of torsion of the caput-collum axis. 

It mill be seen tha t  with a mean ~ a l i i e  for the projected collo- 
d iaphpea l  angle of about 130° the difference between the latter 
ixntl the true angle barely aiiiounts to 3 O ;  that  is. pol-iclecl tlie 
iiiean d u e  of the angle of torsion is  still about 20". If the angle 
of torsion is wider, the difference beconies greater ; if i ts  width 
is 40", for instance, the difference is not less than about 11". 

As I hal-e already repeatedly pointed out, i t  is a condition for 
the cletrrmination of the angles by the iiietliotl liere described 

Fig.  13. 

that  the leg is in medial position. and. conwquently, tlie 
bicoiidylic tangent parallel to the horizoiital plane. But  also 
in the case of a r.otcitcc1 fcniw-for instanw a cliir i m l  c ' o s ~ L - ~ ' ~ o ' ~ L  

position with oiitwaril rotation-it is possible to deterinine the 
angles of torsion quite exactly. The coliclition in that  case is  that  
one also knows the degree of the outward rotatioii, measured a t  
the distal end of the frrnur. The relation between the rotation 
of the distal end of tlie femur ancl tlie angle of torsion is iiaiiiely 

determined by the forniula sin 7' = -, where 7' is  tlie degree 
of the (right-angled) rotation a t  the knee-joint, v-liicli, with a 
true collo-diaphyseal angle of x degrees, coi*respontls to an angle 
of torsion of z degrees. 

The niatlieniatical deduction of this formula is as follo\\-s 
(cf. Figs. 9-10). I n  tlie right-angled triangle ( F i g .  1.57, where 
one imagines the fernoral bone in horizontal position, seen from 
the knee, I *  is the angle of rotatioil wliich we are trxiiig to 
determine. The opposite cathetiis and the hypothenuse constitute 
the intersection of the planes of the angles x ancl s with a vertical 
plane through the proximal end of the femur, and therefore, 

sin z 
sin x 

25* 
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according to Figs. 9 and 10, are equal, respectively, to sin o 
sin z and sin N”. Consequently, we have si.n r = -. sin x 

If now, in the given case, the outward rotation is 20°, the 
true collo-diaphyseal angle (measured in the usual way) x d e  
pees, and we call the measured angle of torsion by outward 

Fig.  14 

siii z1 rotation xl, we shall have sin ( r  + 20) = and the value sin x’ 
of r will thus be equal to the value of the angle obtained by< 

, less 20°. If  we then substitute sin 21 means of the formula ~ 

sin x 
we get the true sin z this value for r in the formula sin r = -- 

sin x’ 
angle of torsion ( x ) ,  which was the one we set out to find. 

For the determination of the degree of the outward iwtntion 
I have constructed a simple apparatus (Fig. l J ) ,  consisting of a 
strap with a graduated water level attached. It is fastened 
around the distal end of the femur, and is sufficiently exact 
for practical use. 

ExurnpZe.-If the projected collo-diaphyseal angle (y)  is 
130°, the angle of torsion of the caput-colhm axis ( x l )  40°, and 
the angle of the knee-joint’s outward rotation 20°, the true 
collo-diaphyseal angle (x) vill, according to the formula cos 



LE = COR 130 s cos 40,  be about 119". According to tlie foimula 

sirl ( 1 .  + , 2 0 0 )  c 7- s ln  I '  will be about 27O, and the aiigle of 
S l I l  119 ' 

torsion of tlir c~~put-col lui~i  axis about 23". 
1 Iiofhcr. Eatr?rzp7~.-111 the couwe of an operation for colliuii 

fractiire i t  is desired to briiig the caput colluni axis paidle1 to 
the ho~izontal  plane. IIow iiiaiiy degrees ( r )  slionld the knee- 
joint be rotated inv ards in oideia to  obtain that  position, if the 
true co l lo- t l i ; ip l~~~~; i I  i111gle is. for instance, 130' (a), aiicl the 

anglr o f  torsion of 

to  the forln11l;L silr 

tlie caput-colluni 
sin 200 sill 
Sill IT@'  

/' r _- axis (NU) 20,? Accoi+ling 
0342 - 
0.766 

r is equal to ~ - 
0.446. and tlie aiiswer is  thus 26'5. 

The following illustrations will help the comprehelision of 
11112 i*esiilt of nir;isiwements of the angles in a case of so-called 
coxa w r a  cal)itnlis. On tlie soiuicl, left side, the collo-cliaphyseal 
a i i g l ~  ( F i g .  1 5 )  is of the proiiouncecl valgus type, with an actual 
width of the angle of 13s" (in the roentgenographic projection 
139O). The ang1t.s of torsioii of the proximal end of the feinur 
and of the caput-colluiii axis (Fig.  16)  coincide very neai*ly; the 
fornier is 11". the latter go. The t rue length of tlie caput-collum 
axis is  7 ~111. 
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I n  the pathologically altered right hip, the actual width of 
the collo-diaphyseal angle (Fig. 17) is only 121O (proj.: 123O). 
The side view (Fig. 18) shows that  the angle of torsion of the 
proximal end of the femur is only 5 O .  But  a more thorough ana- 
lysis discloses the fact that this small angle is due to a stroug 
retroversion of the caput-collum axis, which has a negative angle 
sf torsion of lSo. It is further found that the torsion of the shaft 

Fig. 17. Pig.  18. 

of the femur itself i s  fairly nol-naal; that  is, 25O, and the 
diminished angle of torsion of the whole proximal end of the 
femur in relation to the horizontal line is thus conditioned by 
an  abnorm angle formation at the line of the collum’s junction 
with the shaft. The actual length of the caput-collum axis is 
about 7.8 cni. The difference in length of the caput-collum axes 
of the two sides-0.8 em.-is thus in reality less than it appears 
from the roentgenographs, where the difference is 1.7 em. 

SUMMARY 
After a brief review of the anthropological and roentgeno- 

logical methods hitherto employed for determining the different 
angles of the proximal end of the femur, the author describes a 
method evdved by himself for determining those angles. With 



the leg in iiiedial position, he first cletermiiies the roentgeno- 
graphically projected collo-diaphyseal angle, then, by exposure 
in lateral projection, the t rne angles of torsion. 

The true collo-cliaphyseal angle is found by iiieans of the 
fo?w~uZa cos x - cos y cos c, in which y is the piaojectecl collo 
diaphyseal angle, ,N the true angle of torsion of the capnt-collnrn 
axis, x the t rue (anthropological) collo-eliaphysea41 angle. At  the 
same time it is possible to determine the actual length of the 
cayut-collum axis by means of a formula given by the author. 

ZUSA1\IPtlENFA4SSUNG 
Nach einem liurzen Ubei*blick iiber die bisher angewancltrn 

anthropologischen uncl rtjntgenologischen Methoelen zur Ee- 
stirnmung der verschiedenen Winkel des proximalen Elides des 
femur beschreibt (lei. T’erfasser eine ron ihni selbst enmickelte 
Metlioile zur  Eestininiung dirser IVinkel. Walirencl das Bein 
sich in medialer Position brfindet, beslimnit er zneiast den riint- 
genographisch projizierteii collo-diapliSsealeii Winkel, claiin 
diirch Eelichtung in lateraler Projektion den wirklichen Dre- 
hnngswinltel. 

Der wirlrliche collo-diaphyseale Winltel Iasst sich finclen ver- 
iiiittels cler Formel cos x = cos y cos z, in  welclier y den proji- 
zierten collo-diaphysealen Winkel, z den mirltlichen Drehungs 
winkel der caput-collum A c h e  und x den wirkliclien (anthro- 
pologischen) collo-cliaphysealeii Winkel bedeutet. Gleichzeitig 
ist es moglich, die wirkliche Lange der caput-collum-Achse mit 
IIilfe einer vorii Antor angegebenen Formel zu bestinmen. 

EfiSUMG 
AprPs avoir bii&vement pass6 en revue les mktliodes ant1ii.o- 

pologiques et  roentgenologiques employ6es juqu’ici  pour d6ter- 
miner les diff6rents angles de l ’extrhi t i :  proximale du fkniur, 
l’auteur cl6crit une mbthode, d6velopp6e par lui, pour la  d6ter- 
mination de ces angles. E n  posant la  jambe en position mhdiale, 
il d6termine tout cl’abord l’angle collo-diaphyseal, projet6 roent- 
geno-graphicalemelit ; puis, en p l a p n t  la jambe en projection 
latbrale, il clktermine les angles r6els cle torsion. 



L’nngle collo-c liayliyseal r6el est trouv6 au moyen de la for- 
itiule cots .c = m s  y cos :, clans laquelle y uepr6sente I’mgle collo- 
cliaphyseal projetC. c l’angle rCel de torsion de l’ase de la t6te 
du colliiin, 3 I’ange collo-diaph~seal (anthropologique) rBel. I1 
est possible de clBteminer en ni6nir tenips In  longnenr qu’a l’ase 
tle la t6te (111 col111t11, 311 iiioyeii tl’une formula 6nonde par 
l’auteur. 
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