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INTRODUCTION 

Many theories have been advanced a s  to  the cause of disloca- 
tion of the patella, and these etiologic factors will be discussed 
in some detail later in this communication. A t  present, I shall 
merely remind readers that  the most widely accepted theories 
assume the presence of some congenital malformation. I n  par- 
ticular, aplasia of the lateral femoral condyle has been sug- 
gested, and it was in order to attempt to  clear up, with the 
aid of roentgenography, the relation of the femoral condyles to 
the patella, in dislocation of the patella, that  I took up the 
studies to  be described in the following chapters. A roentgeno- 
logic examination of the femoral condyles signifies in reality 
the acquirement of a knowledge of the femoropatellar joint. 

A competent estimation of pathologic conditions always 
necessitates a knowledge of normal relations, and as  no detailed 
investigations have previously been made on the normal ana- 
tomy of the femoropatellar joint, the first step was obviously 
to  examine the typical relations between the patella and the 
femur. My investigations consisted not only of an  examination 
of autopsy specimens, buP-aI~o 3 f  " t ~  r6efitgmorogics Sta@ of 
healthy subjects. I unfortunately found it impossible to  avoid 
devoting a fair proportion of the space to a description of nor- 
mal conditions. 
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As one certain projection was found most satisfactory in 
obtaining the desired views of the femoropatellar joint, this was 
used subsequently for the roentgen examinations a t  the Ortho- 
pedic Clinic. Not only were subjects suffering from dislocation 
of the patella photographed by means of this projection, but 
other diseases were also inctuded. A total of 158 joints from 
101 patients were photographed. Chondromalacia was the main 
subject of interest, but the complication of osteo-arthritis was 
also added as a sub-group. 

STUDIES ON NORMAL CONDITIONS 

I n  view of the extensive investigations carried out on joints 
in the past few years, and the attention that has been paid to 
the arthrographic method, it is surprising that the femoropatel- 
lar joint has failed to arouse interest. The description in Pick's 
text-book on anatomy, published in 1904, is still one of the most 
detailed available on the normal anatomy of the joint in ques- 
tion, and the account given hereinafter is based on his state- 
ments. 

The part of the articular surface of the femur which is op- 
posed to the patella is crescentic and includes the anterior part 
of the distal epiphysis. It is concave mediolaterally and convex 
proximodistally and is continuous with the more distal area 
with which the tibia articulates. The articular surface of the 
lateral femoral condyle projects further forward than that of 
the medial, and extends further up on the condyle (figs. 1 and 
2).  Opinions vary regarding the thickness of the cartilage in 
the femoral part of the femoropateltar joint, but in any case 
it is thickest in the middle. 

The articular surface of the patella is in the main an exact 
cast of the femoral articular surface. Thus, it is divided into 
two concave areas-the medial facet and the larger lateral facet 
-by a ridge that fits into the groove on the crescentic facet of 
the femur (fig. 1). A close examination reveals that the articular 
surface is divided into not less than seven different facets, name- 
ly, an odd medial strip-shaped facet, and two inferior, two midd- 
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Lateral femoral condyle 

Lateral patellar facet 

Facies patellaris femoris 

Medial femoral condyle 
Plica synovialis patellaris 

Plicae alares 

Medial patellar facet 

Fig.  1 .  Snterior aspect of the knee joint. 

Facies patellaris femoris 

Femoral condyle 

Odd medial facet 
Medial patellar facet 
Lateral patellar facet 

Fig. 2. Autopsy specimen of the knee joint, showing the patellar facets. 

Acta orthopaedica, Vol. XII, 1-4. 21 
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le, and two superior paired facets. The medial ridge separating 
the medial and lateral articular surfaces of the patella varies 
in different individuals. It is usually convex, and here is found 
the thickest cartilage of the body; this may be from 5.4 mm. to 
6.4 mm. in thickness. I n  other parts, according to Pick’s state- 
ments, the patellar cartilage is relatively thin. 

When the knee is extended or flexed the position of the patel- 
la in relation to the femur changes to a considerable degree; on 
the other hand, its relation to the tuberosity of the tibia does 
not alter. The displacement in relation to the femur may amount 
to from 5 to 7 em. The gliding movement executed by the patella 
towards the femoral condyle takes place around an approximate- 
ly transverse axis, and besides this movement a slight, lateral 
displacement occurs in acute, flexion. Since the articular surface 
of the patella is of @proximately the same size as the femoral 
surface with which the *patella articulates, it is obvious that 
the patella in its movements must pass beyond the boundaries 
of the femoral articulaB surface, a%d this is what actually hap- 
pens in both extension and flexion. 

I n  the extended position of the leg, the superior part of the 
patella lies above the crescentic surface of the femur and rests 
upon the subsynovial pad of fat situated in this area. The in- 
ferior part of the patella comprising the two lowermost facets, 
the “extension facets”, is in congruence with the upper part of 
the crescentic facet. I n  proportion as the knee is flexed, the 
articular surface of the patella comes further into contact with 
that of the femur, but by degrees this contact again decreases 
until, in extreme flexion, only the two uppermost patellar facets, 
the LLflexion facets”, face the femur. I n  the midway position 
between these two ‘extremes, the two articular surfaces are in 
closest contact, and the ridge on the patella is then best engaged 
with the concavity of the crescentic facet. I n  the position of 
maximal flexion the patella sinks in to a’certain extent between 
the two femoral condyles, and simultaneously there takes place 
a slight lateral displacement of the knee’ cap. 

Other text-books of anatomy furnish practically identical 
descriptions of the anatomic relations in question, though not 
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in  such detail. There are  a few variations. Thus, Corning, and 
later Ann2 and Wachsnzzctit, stated tha t  when the knee is in 
extreme flexion the patella is displaced laterally to such a de- 
gree tha t  it may be separated froni tlie medial femoral condyle 
by a broad hiatus. 

Although the alar folcls are iiot par t  of the femoropatellar 
joint a s  such, I should like to point out one fact in  connection 
with them. It is generally stated rather hazily tha t  they extend 
as  tn-o folds froni the infrapatellar fatty pad towards the pa- 
tella, filling up the pockets between the patella and the femoral 
condyles. The impression given is that  they never reach higher 
than to tlie inferior part  of the patella. I n  this respect, the 
anatomical description furnished by Lana and Wuchsrnuth 
forms an exception, since in  one of their cross-sections of the 
knee joint, made close to the base of the patella, the alar  folds 
also a re  seen to be cut, a circumstance indicating that it was 
the intention of the authors to show tliat the folcls extend up- 
uards  as far a s  to the base of the knee cap. 

Roentgen anatomy is an excellent aid in complementing ex- 
aniinatioiis 011 the joints, and in the case of the fernoropatellar 
joint it is invaluable, secing that  the roentgenographic metliod 
must be solely relied upon when dealing with this joint. The 
routine views of the knee joint obtained by frontal and lateral 
projection are  obviously insufficient for a study of the femoro- 
patellai* joint ; in fact, they provide practically no information 
on the subject. An axial projectioii of the patella, on the other 
hand, is exteemely informative. This type of projection was 
fimt nientioned by Suttegast, and i t  has since been extensively 
iisecl for studies on the patella, but has been neglected as regards 
the femoropatellar joint. As far  as  I have seen in the literature, 
.Trrrosclty was the only worker to m e  it. As a rule, wheii the 
patella alone is to  be examined by axial projection, the photo- 
graph is taken with the knee in  the easiest position for the 
purpose, namely, extreme flexion. The usual technical procedure 
is to stand the patient 011 a stool with the knee acutely flexed 
and the roentgen plate below the knee. Another method j s  for 
the patient to lie prone, with the knee in  extreme flexioii and 

21* 
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the roentgen plate above the knee. When the femoropatellar 
joint is to  be projected free, on the other hand, a knowledge of 
the anatomy of the knee joint makes it obvious that the picture 
must be taken with the knee only slightly flexed, since the 
femoral articular surface in the femoropatellar joint comprises 
principally the frontal part of the articular condylar surfaces. 

Thus, when the idea was conceived of making roentgeno- 
grams of the femoropatellar joint in dislocation of the patella, 
the first task was to determine the most suitable angle of flexion 
of the knee joint for the purpose of obtaining a free view of the 
femoropatellar joint. As a beginning, a number of subjects, 
clinically symptom-free, were selected for examination. Frontal, 
lateral and axial pictures were taken of one knee flexed at dif- 
ferent angles. As no variations of importance were noted among 
these different subjects, I have reproduced the pictures from 
only one of them, a man of thirty-five. 

The knee was roentgenographed a t  five different angles of 
flexion, 20, 40, 60,90 and 115 degrees. The reason why a beginning 
was made with an angle of 20 degrees was that it is obviously im- 
possible in practice to obtain a free view of the femoropatellar 
joint with the leg in complete extension. Nor would a roent- 
genogram taken on the knee in this position have been of any 
value, since, according to the indications of normal anatomy, 
when the knee is fully extended the main part of the patella is 
situated over the articular surface of the femur, and there could 
thus have been no ,question of rz free projection of the femoro- 
patellar joint. 

The pictures taken at  the two lowest angles of flexion tally 
well with one another (figs. 3 a and 3 b) . It is easy to distinguish 
how the lateral femoral condyle juts in advance of the medial 
condyle. According to Bohm, this difference in level amounts 
to 7 mm., that is to say, the lateral femoral'condyle should 
project a distance of 7 mm. in front of the frontal plane through 
the medial femoral condyle. The articular surface of the lateral 
condyle is slightly broader than that of the medial, judging 
from the skeletal parts. The patella has been projected free 
longitudinally so that the articular surface has been caught at 
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Fig.  3 a. Normal knee joint flexed at 
200. Lateral and axial views. 

a tangent. I n  agreement with the anatomical discription, the 
lateral facet is slightly concave and is congruent in its extent 
with the lateral femoral condyle. The medial part of the patella, 
on the other hand, appears convex in its entirety, and further- 
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Fig.  3 b.  Normal knee joint flexed at 
400,. Lat r ~ l  and axial views. -8,  1 

more, seems to project over the femoral condyle on this side. The 
ridge on the patella corresponds well with the groove between 
the femoral condyles, and the height of the joint cavity is even 
along its whole length. I n  the picture taken with the knee flexed 
at 60 degrees (fig. 3 c), the relations have already begun to alter 
slightly, and the two femoral condyles now appear approxim- 
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E'zy. 3 c. Normal knee joint flexed at 
G O O .  Lateral and axial riems. 

ately equal in size. The medial articular surface of the patella 
seems to articulate more broadly with the femoral condyle. The 
height of the joint cavity is iiiaintaiiied a s  in the previous posi- 
tions. When the angle of flexion is increased to 90 degrees the 
picture changes (fig. 3 d).  The external borders of the femoral 
condyles are  more rounded than in the previous views, and the 
groove in the centre is broader. The articular contact looks un- 
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Pig. 3 d .  Normal knee joint flexed at 
90°. Lateral and axial views. 

changed but the space between the femur and the patella is  
undoubtedly lower. At 115 degrees, the latter condition is 
further accentuated (fig. 3 e ) ,  and the joint cavity has nar- 
rowed. This is  not because the height of the articular cartilage 
has diminished in ,reality but because the ridge of the patella 
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Pig. 3 e.  Norinal knee joint flexed at 
ll5O. Lateral and axial views. 

sinks in between the femoral condyles. (This is explained 
later on on page 378). As a result of the extreme flexion the 
anterior border of the tibia is seen to be projected free betQ-een 
the condyles. 

Of course, the above-mentioned angles are not in any way 
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identical with the angle of incidence at  which the femoropatellar 
joint is met by the central ray from the roentgen-ray tube. They 
merely refer to the positions of the knee from which it is most 
convenient to gain a free view of the femoropatellar joint (see 
fig. 4). The object is to take an axial projection of the patella, 
and as far as possible, therefore, the rays must travel parallel 
with the articular surface of the patella. Thus, the adjustment 
must always be made by the eye. 

/ 

\ 

Fig .  4. Diagram of the axial projection. 
(Y = angle of flexion. 
p = angle of incidence. 

In connection with my investigations, to which I shall return 
later on, a number of postmortem specimens were used, and to 
complement my studies on normal conditions I photographed 
some of these in various positions of flexion. There was of course 
no anatomic difference between these two types of knees. 

The specimens were taken from young subjects aged 27 and 
30 years, in whom it was possible to ascertain that no pathologic 
changes had been present in the joint. About 15 em. of the 
femur and 10 em. of the tibia were included in the specimens9 
and from the fleshy parts were taken the entire capsule, the 
ligamentum patellae and the tendon of the lquadriceps muscle 
together with the musculature up to the level of the sawn-off 
leg. Before the specimens had had time to dry, it was possible, 
by keeping the quadriceps tendon extended, to retain the patella 
in its normal position a t  different angles of flexion. 

In order to be able to examine the angle values between 40 
and 60 degrees with a greater degree of certainty, the pictures 
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were taken with the knee flexed a t  five angles that  differed 
slightly from those used for the other pictures. 

These pictures gave results Yery similar to those obtain- 
ed from the living subjects. Thus, at  angles of flexion ranging 
from 20 degrees, a t  which an  axial projection is first practicable. 
up to 50 degrees, the appearance of the fenioropatellar joint re- 
mains practically unchanged, while after that, in proportion a\: 

F i f ~ .  5.  The patient’s position on the examination table. 

the angle increases, a change in form takes place until the fe- 
moropatellar joint can 110 longer be projected free, since tlitb 
projection then reaches so far  down on tlie fenioral condyle that 
the articular surface of the tibia is includecl. 

We therefore chose a n  angle of about 40 degrees for our 
roentgenographic studies on the femoropatellar joint. It was 
difficult t o  keep to this angle with exactitude, but small varia- 
tions a re  of no consequence. 

Our technical method followed that described by Knutsson.’ \ 
The patient lies on his back on the examination table, with the 
flexed knee supported by cushions (see fig. 5 ) .  FOP technical 
reasons, the roentgen-ray tube is situated above the patient’s 
head since it is otherwise difficult to obtain a sufficiently small 
angle of incidence. The plate is placed on blocks directly below 

’) See the article by I!. Knutsson in  .4cta rndiol., rol. SSII ,  fasc. 3. 
1941. 
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the knee. It should be noted that as the longitudinal axis of the 
patella seldom lies in the same direction as that of the leg, the 
projection must generally be directed slightly from the inner 
side of the leg. 

I have already mentioned that in my studies on the femoro- 
patellar joint I did not confine my investigations to dislocations 
of the patella but roentgenographed also cases of other diseases. 
A number of joints were therefore included which, while ex- 
hibiting such defects as injuries to the meniscus, and contusions, 
inust be regarded as normal as far as the femoropatellar joint 
was concerned. These have also been used as material for my 
studies on the normal appearance of the femoropatellar joint. 
A total of 25 joints have been examined, distributed over 18 
subjects, and of these, 8 mere subjected to arthrographic exa- 
miiia tion. 

As might be expectecl, much variation in shape was exhibited 
by the patella, and the size also varied in different individuals. 
On an average, the knee caps of my male subjects were larger 
than those of the females. The femoropatellar joint duplicated 
the form of the patella on the whole, but on the roentgenograms 
the patella came out more strikingly and it was the latter that 
dominated the picture. The patella has therefore been taken as 
the basis for the type classification that I use in the remainder 
of this communication. It was possible, in fact, to distinguish 
three different types as regards the shape of the patella, judging 
by the position of the ridge in relation to the patellar borders, 
or in other words, depending upon the size relation between the 
medial ancl lateral patellar facets. I n  a number of instances, 
the ridge was seen to be situated approximately in the centre 
of the patella, so that the medial and lateral facets were equal 
in size, a s  in case 2013/41 (fig. 6) .  The femoral articular sur- 
face, as I stated earlier in this chapter, followed the form of 
the patella, and the lateral part was only slightly wider than 
the medial. In the second type, the ridge was situated slightly 
towards the medial border of the patella, and the medial facet 
was smaller than the lateral. Case 1467/41 is an example of 
this type (fig. 7). The cases in which the ridge was displaced 
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Medial 

Pig. 6 .  Case no. 2013/41. Normal type no. I. 

medially to such a degree that  there was hardly any rooni left 
over for the inedial facet, \I-ith the result that  the latter sloped 
steeply forward and medially, constituted the third txpe. (See 
case 5117J40, figure S). I n  the t\vo last-nientionecl types there 
was a certain parallelism between the patella and the articular 
surfaces of the femur, so that  in type I11 the medial articular 
surface of the femoral condyles was considerably sinaller than 
tha t  in type I. I n  other words, in congruence with the patellar 
ridge the groove between the two condrles in these instaiices 
was situated further toward the inedial aspect. Of course, the 

Lateral Medial 

Pig. 7. Case no. 1467/41. Normal type no. IT 
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Medial 

Fig.  8. Case no. 5117/40. Normal type no. 111. 

transition between these three types was gradual, but in general 
there was no difficulty in differentiating between them. 

This classification was based wholly upon the roentgen pic- 
tures, that is to my, upon the appearance of the skeletal parts, 
and thus nothing definite could be said about the appearance 
of the articular surfaces of the cartilage in these cases. In 
order to endeavour to clear up this question, I subjected eight 
normal knees to arthrographic examination. Difficulty was ex- 
perienced in  obtaining a clear view of the femoropatellar joint 

Medial Lateral 

Pig. 9. Case no. 1549/38. Arthrograrn obtained with axial projection. 
Type 11. 
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on the arthrograms, owing to  the fact  that  the contrast mecliurn 
showed a tendency to accumulate in the suprapatellar bursa, 
and that  in an  axial projection i t  covered the contrast fluid in 
the joint cavity. However, it was sometimes possible to obtain 
a good picture by compressing the suprapatellar bursa (see 
figure 9, case 1549/35). 

The joint cavity comes out as  a streak of contrast, while the 

Medial Lateral 

Fig. 10. Case no. 236/41. Arthrogram obtained with axial projection. 
Type 11. 

contrast-free channels opening from both directions into the 
cavity are in all probability capsular folds constituting a direct 
continuation upwaids of the a l ; ~  folds, which in Lnnc and 
’CVachsmuth’s opinion also, may be considered as extending up 
to the base of the patella. 

I have not succeeded in obtaining completely typical exani- 
ples of the three different types, and I must therefore be content 
to  indicate the type to which different cases niost closely ap- 
proximate. It will be easily observed froiii figure 10, which is 
an  example of type I1 inclining ton7arcls type 111, that  only a 
small proportion of the whole articular surface falls t o  the 
medial facet, while in figure 11, which most closely resembles 
type 1, the proportional distribution between the two facets is 
much more evenly balanced. 011 the whole, therefore, the skeletal 
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form and the cartilaginous articular surface may be said to  
be in  congruence with one another. 

To summarize the results obtained from my anatomic and 
roentgenographic studies on the femoropatellar joint, it may be 
said that  the joint may be projected free most satisfactorily 

Medial Lateral 

Pig. 11. Case no. 2363/41. Arthrogrtlm obtained with axial projection. 
Type I. 

when the knee is flexed at 40 degrees. With respect to the form 
of the patella, three type groups may be distinguished. I n  all 
normal subjects the patella is congruent with the articular 
surface of the femur in the roentgen pictures. 

THE FEMOROPATELLAR JOINT I N  DISLOCATION 
OF THE PATELLA 

As I pointed out  in the previous chapter, my studies on the 
fernoropatellar joint were made for the purpose of ascertaining 
the appearance of the lateral femoral condyle in  dislocation of 
the patella. A number of workers have advanced different the- 
ories-to be discussed later in this section-to prove that  a 
congenital malformation in the development of the lateral 
femoral condyle is the root of the trouble. 

I n  order to obtain a clear conception of this theory of origin, 
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it must be studied in comparisoii with others, aiid furtheiwiore 
i t  is itecessary to examine the variations in position exhibited 
by tlis patella in the iiornial condition and in cliffereiit txpes 
of lux ation. 

Even when nornial, the patella shows much mriatiou in its 
position, both in  the lateral direction, aiid upward ancl down- 
ward. When the leg is extended, aiicl while the quadriceps nius- 
culatiire is relaxed, the apes  of the patella should he on a level 
with the joint cavity, but as the uiuscles are  stretched the 
patella is displaced upwarcl about a thumb’s breadth. This w a s  
called by Payer “the play of the patella”. In order to deteriiiine 
the height of the patella roentgeuographically a lateral view is 
always most valuable. Boort and I t t  has described a fairly coni- 
plicated inethod for cleteriniiiing whether the position slioulcl be 
regarded as normal 01’ abnornial. A simpler inethod of measure- 
ment has been suggested by Blwmzsaut .  If the faint  sclerotic 
line produced by tlie innei* boundary of the femoral condyles is 
extended (fig. 12), i t  slioulrl meet the apex of the patella when 
the knee is flexed a t  30 degrees. 

A congenital, ahnoimally high position of the knee cap, 
usual Ly bilateral, is fonncl in liiany cases of Little’s disease. 
Osteo-myelitis of the femur has been suggested as the cause 
of an acquired elevated positioii of the patella. The coiidition 
is sonietimes found also iii polio-ni~-elitis and in Schlatter’s dis- 
ease. An abnormally low patella has also been reported in  cases 
of polio-myelitis, chiefly due to paralysis of the quadriceps 
muscle. 

Difficulty is sometimes experieiiced in tleterniiiiing whether 
the position of the patella laterad is to  be regarded as norninl, 
as a frontal projection slightly out of liiie is all tha t  is needed 
to cause the patella to deviate from the niedian liiie. In  all 
probability, the iiornial position laterad may vary within cer- 
tain limits, and i t  niay therefore be hard to cliffei*entiate be- 
tween this type of lateral clisplacenient and a t rue subluxation. 
Blurneizsuat eonsideiwl that in a normal lateral displacement 
the entire articular surface of the patella coiitarts with the 
femoral conclyle, while in suhlusation the patella rests on the 

Acta orthopaedica, Vol. XII, 1-4. 22 
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convexity of the femoral condyle, generally on the lateral con- 
dyle. 

I f  luxations of the patella are grouped according to the 
nature of the dislocation, a distinction may be made among 

Pig. 12. A normal case. With the knee flexed at 30°, the apex of the 
patella is on a level with a line drawn through the sclerotic line marking 

the inner boundary of the femoral condyles. 

those resulting from a change in position around a vertical or 
around a horizontal axis. Of these, only the vertical changes in 
position are of any practical significance, and even among the 
latter, certain types are extremely rare ; these are torsive luxa- 
tion, in which the patella has twisted a t  an angle of 90 degrees 
so that one border rests in the groove of the femoropatellar 
joint, and inverse luxation, in which the patella lies with its 
articular surface anteriad. From a practical standpoint, the 



STUDIES ON THE FEMOROPATELLAR JOINT 339 

most important group comprises that  in which a lateral dis- 
location has  taken place. Depending upon the extent to  which 
the articular surfaces of the patella and of the femoral con- 
dyles have lost contact with one another, the classification sub- 
luxation or  total luxation may be applied. 

The last-named types of luxation may be due to  various 
etiologic factors, and the basis for classification that  seems the 
most favoured is that  first mentioned by flolier-o, and later modi- 
fied by W i e m u t h  and Dunkeloh, and others. 

1. Congenital luxations, 
2. Acquired luxations, among which a clifferentiation may 

be made between traumatic and pathologic types. 

As regards torsive and inverse dislocations, a s  well a s  the 
extremely rare  horizontal luxations, these are  invariably traum- 
atic, and the various etiologic theories therefore chiefly relate 
to  the lateral dislocations. 

I should like to emphasize the difficulty of making a definite 
distinction between a congenital and an acquired luxation of 
the patella. As a rule, a trauma, however slight, is required to 
occaeion the first luxation even when the constitutional element 
is present, and it would thus seem as if  i t  is only the intensity 
of the trauma that  should be the deciding factor when determin- 
ing whether the dislocation is congenital or  acquired. The usual 
practice is to assume that, if nothing indicating a congenital 

Discussion centres mainly about two theories regarding the 
origin of congenital luxation of the patella. According to the 
first, maldevelopment of the lateral femoral condyle is the 
essential cause, while according to the second, i t  is an  abnormal 
traction on the par t  of the vastus lateralis muscle. 

The first theory is favoured by a number of authors, among 
them Smith, Stokes,  Hervier, Canton and Appel,  who believe 
defective development of the femoral condyle to be congenital, 
while other workers disagree with this, arguing tha t  malforma- 
tion of a femoral condyle should be regarded not as a cause but 
rather as an effect of a dislocation of the patella. I n  their opin- 

disturbance is observed, the luxation is acquired. ... 

22. 
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ion, the continuous friction caused by a luxating patella retards 
the normal de lopment  of the lateral femoral condyle. I n  op- 
position to this argument it has been alleged that in t lmt  case 
it should not be possible to find a low femoral condyle iH per- 
manent luxation, where the abrasive element is absent. 

The second theory refers to an abnormal traction on the 
part of the vastus musculature. Some authors, such as Bohlel-, 
have pointed out that as a result of defective development of 
the vastus medialis, the vastus lateralis gets the upper hand, 
causing the gradual appearance of a luxation. Duchenne’s test 
supported this view. By means of electric stimulation of the 
vastus lateralis on fresh cadavers he succeeded in producing a 
dislocation of the patella laterad. Bohter otherwise regarded the 
vastus medialis as merely an adductor for the quadriceps mus- 
culature which in itself possesses tractive power in a lateral 
direction. Other workers who favour this theory of muscular 
traction cite as a reason for faulty muscular action an iusuf- 
ficient inward-sion of the femur during the period of growth 
(Dreesman), or an  abnormal rotation occurring on flexion of 
the knee joint (Hohlbazm) . 

Blunaensaat said that in the matter of their fundamental 
cause it was undoubtedly difficult to make such a clear dis- 
crimination that it was possible to decide with certainty whether 
luxations were congenital. It is an established fact, however, 
that maldevelopment of the lateral femoral condyle is obserrecl 
in luxation of the patella. 

A total of 13 patients in whom either luxation or sublux- 
ation had been clinically diagnosed were available for examina- 
tion. Among these subjects 25 knees were roentgenographed (the 
healthy side in one patient was overlooked by mistake). Four 
of them exhibited bilateral luxations, and altogether there were 
17 dislocated and 3 subluxated knees. 

I n  my classification of the normal material into three groups, 
the shape of the patella was used as a basis. 

I f  the roentgen pictures of the femoropatellar joints in theHe 
thirteen luxated and subluxated cases are compared, it will be 
seen that on most of them there are evidences of a considerable 
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deviation froni tlie iiorinal appearance ; both the femoral con- 
dyles and the patella evilice changes in form. On the basis of 
these dereloprrieiital inconsistencies it is possible l o  classify 
the mlaterial into three groups, with the reservation, of course, 
as in the previous classification, that  no definite deniarcations 
can be drawn between them, since the transition from one type 
to another is gradual, as it always is alien skeletal variants 
are placed into groups. 

The firqt category (group 1) consists ot the cases exhibit- 
jiig tlie greatest changes ( 2  patients and 4 linees), and as the 
criterion for this type I took the total levelling-off of the ar-  
ticular surfaces of both femur ancl patella. Case 9621 may be 
regarded as an esaniple of this group. From his eayliest years 
the patient had been troubled by repeated dislocations of the 
riglit knee. The left knee liad ouly showed tendencies to  luxate, 
or more exactly expressed, to subluxate. As far  as was linown, 
there had been i i o  injuries to the knee. The right knee was 
operated upon iii June  1938 by the method usnally eniployed 
a t  the Orthopedic Clinic in luxations of the patella. Plastic 
surgery \ I - A ~  dolie according to Krogius’ opeixtive method and 
the tuberosity of the tibia together with the insertion of the 
ligainrntnin patellae were chiselled off and shifted distally and 
inedidly. This mill he teimed “the Iirogius coiiibiiiatioii nietliod” 
in tht1 rerriaiiider of this communicatioii. The amount of the shift 
iiiiist be determined in each iiicliridual case, but 3 to 1.5 cni. in 
each llirectioii is generally snfficient. In the case under cliscus- 
sioii, however, the capsule was so relaxed that a shift of 2 em. 
both distall?- and riiedially was considered necessary. A t  the 
operation the femoral condyles were seen to  be conipletely cylin- 
dries I and coiiseqiieiitly contained no groove for the patella on 
the patellay surfaces. After six months there was a recurrence, 
and the patient was operated upon again in I Iay 1039. This 
time, a niore radical iiieasiire was adoptecl. The lateral femoral 
co i id~le  \\-as elevated by chiselliiig into the bone from the lateral 
aspect ancl filling in  the carved-out area with bone chips. The 
wi(1tlL of the patella was also reduced to enable i t  to  f i t  more 
exactly iiito the new-formed groove between the condyles. Un- 
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fortunately, no axial view of the right knee was taken before 
the operation, --but judging from the history of the operation 
the appearance of the right side must have tallied well with the 
axial picture of the left side (see fig. 13). On the latter the 
articular surface of the femur is absolutely plane, and the patel- 
la lacks all signs of a central ridge. 

Case 2155/38 provides a second instance of group I. This 
patient also had suffered from early childhood from repeatedly 
recurring bilateral dislocations, and here also nothing was 

Medial 

Fig. 1.9. Case 9621. Axial view of the left knee. 

Lateral 

known of a trauma in the past. Both knees were successfully 
operated upon by the Krogius combination method. 

In  this patient also, the articular femoral surface was total- 
ly planed down and the patella practically level with only slight 
traces of ridge formation (figs. 14 and 15). 

The transition from group I to group I1 is smoothly con- 
tinuous, as I stressed earlier in the chapter, but in the second 
group I have placed the cases displaying a too level patella, o r  
maldevelopment of the lateral femoral condyle with or without 
a plane patella. Nine patients comprise my group 11, and as an 
example I will cite case 1322/41. Since the age of ten this pa- 
tient had suffered discomfort from bilateral dislocations which 
occurred without previous injury. The roentgen pictures (figs. 
16 and 17) reveal that the lateral femoral condyle is without 
doubt abnormally low and the sub-division of the patella into 
two facets is also faulty. The first of these conditions may be 
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Medial 

Fig. 13. Case 2155/38. Bxial view of the riglit knee. 

Lateral 

Pig. 1.5. Case 2155/38. Axial view of the left knee. 

described by saying that  the groove between the femoral con- 
dyles has become shallower than is normal. Verification of this 
was obtained during the operation on the left knee, of which 
figure 17a is  an illustration. 

Case 16672 is another representative of group 11. The lateral 
femoral condyle is relatively well-developed but the posterior 
surface of the patella is strikingly level (see figs. 18 and 19) .  
As in the last-mentioned case, the patient began to suffer from 
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Lateral Medial 

Fig.  16. Case 1322/41. Axial view of the right knee. 

Medial 

Fig. 17. Case 1322/41. -4xial view of the left knee. 

Lateral 

dislocations a t  the age of ten, and could recall no injuries to  
the knee. The dislocations only occurred on the left side, a 
rather surprising circumstance seeing that  this knee was slight- 
ly better developed than the right. The patient refused any 
surgical intervention, and in view of his relatively advanced 
age-45 years-no attempt was made to  alter his decision. Bu t  
two other patients classified under group I1 were operated 
upon. 

It was necessary to make a special subdivision of the second 
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g~o i ip  to allow for  tlie cases which, because of the np1~earaiicr 
of the femoral condylcs, should be classified in group I1 but 
which exhibit a conipletely 1101~111al patella in a position of per- 
manr~nt luxation ( group I1 a ) .  Two identically siiiiilar ciises 
were enconntered. Froiii figure 20 relative to case 873/39, as 
well as  from the photographs froiii tlie operation (fig. 31), it 

1,’i.q. 17 (1. Photograph taken (hiring operation on tlie left knee. 

will be noted that  the lateral frriioid coiiclyle is lower thaii i t  
~ 1 1 0 ~ 1 ~ 1  iio~mally be. The patella. situated on the esteriial aspect 
of the lateral femoral condyle, is iiormal in shape. The right 
knee was quite normal. The patient in question  as operated 
upon in April 1939, the Krogius combiiiation operation being 
performed. Despite the fact that  the lateral part  of the capsule 
was left open after the intervention, in order to  avoid a sti3ain 
Iaterad, a redislocation of the patella appeared again after a 
shoit  interval, and by February 1941 the entire kiiee cap mas 
fouiid to he situated on the lateral surface of the femoral 
contljle. 

A s  regards the femoi*opatellar joint in the cases preriously 
mentioned, my experience has been that  the patella and femora1 
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Lateral 

Medial 

Medial 

Fig. 18. Case 16672. Axial view of the right knee. 

Lateral 

Pig. 19. Case 16672. Axial view of the left knee. 

condyles have, as it were, kept pace in development, and that 
consequently the term dysplasia of both knee caps and condyles 
could be used to describe them, but in the cases under discus- 
sion it is only the condyles that exhibit maldevelopment. . 

Just  as the transition between groups I and I1 was gradual, 
so it is also between groups I1 and 111, but there are undoubted- 
ly cases in which, despite the fact that the development of the 
femoral condyles is quite normal, fully developed luxations are 
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Medial 

Fig.  20. Case 873/39. Axial view of the left knee. 

Medial 

Lateral femoral condyle 

Fig. 21. Case 873/39. Photograph taken during operation on the  left knee. 

nevertheless present (group 111). This group is represented by 
two of my cases, of which I will cite no. 3406/40 (fig. 22). The 
first dislocation had occurred as a result of a violent trauma. 
Unfortunately, no axial view 0; the luxated knee was obtained 
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before the operation, but since it was a question of the articular 
surface of the femur the roentgen picture taken after the opera- 
tion in October 1940 furnishes a good impression of the ap- 
pearance of the articular surface. This is to all appearances 

Medial Lateral 

Fig.  22. Case 8406/40. Axial view of the left knee after operation. 

normal and agrees well with pictures of the other knee (fig. 24). 
The patella also, roentgenographecl after removal (fig. 23)) coin- 
cides with the healthy side and is of normal shape. This case 
gives rise to a number of reflections connected with operative 
therapy. At operation the patella was found to be affected with 
advanced chondromalacia, and as figure 22 illustrates, the dome 

Fig.  25'. Case 34W/40. Roentgenogram of the excised patella. 

of the lateral femoral condyle, as a consequence of the protrac- 
ted friction caused by the luxations, has also become the seat 
of changes in the shape of subchondral cyst formations in the 
bone. Everything pointed to the fact that, unless the abrasive 
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action could be relieved bj- some iiieans, tlie lesions already 
preseiit would continue to advance. We therefore reverted to a 
method of operatioil previouslx eniployed by a number of work- 
ers in dislocations of the patelln, namely, excision of tlie patella 
(Fowler 1871, Chaput 1908, Loiwiz 1914). Since the femoral 
par t  of the fernoropatellar joint was uoriiial, n-e hoped that  this 
woulcl act a s  a guiding groove for tlir reniaining ligaiuentiun 

Lateral &red i R 1 

Fig. 24. Case 34(Hi/40. Axial view of the nornial rlght knee 

patellae and the quadi*icepa tendon, and this ;iasurnption prored 
later to be correct. Since the operation the patient has suffered 
no fui-ther dislocations and has had little cliscoinfovt with the 
knee. 

In view of the success gained with this patient i t  would seeill 
as  if a return to tlie old method of removing the patella in 
luxations of the patella riiiglit be jiIstified. IIowever. i t  is only 
cases exhibiting nornially derelopecl patellar surfaces on the 
femur (group 111) that  \~-oulcl seem suitable for such ail opera- 
tion. 

When the articular surface is plane (group I )  it must neces- 
sarily be more difficult for a patella left in position to become 
dislocated beyond the border than i t  is for a relatively soft 
quadriceps tendon. I n  the foriuer event, the lateral displacement 
must be more advanced before the levering force on the patella 
is sufficient to piwdnce a dislncation. I n  the latter. the lusatioii 
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begins as soon as the quadriceps tendon reaches the edge of the 
patellar surface of the femur. 

Case 4459/40, in which there was present a permanent bila- 
teral subluxation, should be classified under group I11 with a 
strong leaning towards group I I a .  This subluxation may be 
considered as genuine in contrast to other, secondary types to 
which I shall return in a later chapter when dealing with the 

Medial 

Brag. 25. Case 4459/40. Axial view of the left knee. 

Lateral 

complication of osteo-arthritis. Figure 25 illustrates that the 
patella rides on the lateral femoral condyle, and through the 
severe friction that has obviously resulted, the cartilage in the 
femoropatellar joint has been disintegrated ; the pressure has 
even been so great that the lateral condyle has become compres- 
sed. It is uncertain whether the case should be grouped as type 
I1 or type 111, since it is quite possible that before the start 
of the attrition the condyle may have been normal in height; 
but bearing in mind another similar case, I am inclined to place 
it in group 111. In case 1193/41 (fig. as), a subluxation is also 
in question, but in this instance the cartilaginous attrition had 
not advanced so far, and it was possible to see that the lateral 
femoral conifyle was normal in height. Nor did the form of the 
patella deviate in any degree from the normal. This supports 
my supposition that the lateral femoral condyle also in case 
4459/40 was probably of normal height. Of course, a case of 
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this kind must be regarded as practically hopeless from an 
operative standpoint. The only likely measure might be a remo- 
val of the patella. 

Thus, my investigations on the femoropatellar joint in lux- 
ation of the patella proved that considerable variation in the 
form of the femoral condyles is possible. Furthermore, a number 
of other deductions may be drawn from the material. 

Medial 

Pig. 26. Case 1193/41. Axial view of the left knee. 

Lateral 

Firstly, as regards etiology, I am in agreement with Blumerz- 
saat, that it is extremely difficult to  reach definite conclusions 
regarding individual cases. Seeing that the majority of my 
patients in groups I and I1 exhibited maldevelopnieiit of the 
lateral femoral condyle, there should be every reason to believe 
that a constitutional factor is a t  the bottom of a luxation. The 
theory of the congenital element receives added support when 
the condition is bilateral and when, as in  the patients from 
group I, it has been present since early childhood. In  these 
instances an  eventual trauma is of little significance, since the 
cylinder-shaped patellar surface of the femur provides such 
poor support for the patella that a luxation is a natural conse- 
quence. The fact that  dysplasia of the femoral condyle is present 
in the patients of group 11, despite permanent luxation of the 
patella, also strengthens the assumption that a congenital factor 
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is in question rather than a secondary result from a luxating 
patella, as has been suggested by some workers. 

I n  group 111, on the other hand, in which the articular sur- 
faces are  completely normal, we must resort to  other explana- 
tions to account for the dislocation, and when we find, a s  in 
my case 3406/40, that  a violent trauma was the liberating factor, 
there is some justification for supposing a trauma to  be the 
cause of the luxation also in other cases of type 111. A con- 
genital malformation n ~ n y  of course be present in these instan- 
ces, and defective traction of the vastus musculature is the 
most likely possibility that  comes to mind, but any of the more 
complicated methods of origin might equally be the explanation. 

My classification into groups ruay possibly prove useful also 
from a practical standpoint. I believe that when patients a re  
thought to  belong to group 111 and display advanced cartila- 
ginous changes in the patella, renioval of the patella is strongly 
indicated, a s  by this measure the joint is spared much attrition 
in the future. 

CHONDROMALACIA PATELLAE 

From observations made on other joints, in  particular the 
hip joint, we know that an  increased stress, brought about by 
the fact that  the normal pressure in the joint is borne by an  
abnormally small articular surface, constitutes a powerfully 
disposing condition for the appearance of osteo-arthritic chan- 
ges, which undoubtedly generally s tar t  with degenerative chon- 
dral lesions. The clysplastic acetabulum is a typical example of 
this derangement. 

I n  the previous chapters we have learned what variation the 
femoropatellar joint may display, not only in luxation of the 
patella but also in the normal state, and judging from the 
anatomic description it may be presumed that, in certain posi- 
tions of the joint a t  least, there exists a certain incongruity 
between the articular surfaces of the patella and of the femoral 
condyles. It is therefore natural to wonder whether this dis- 
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cordaiice may not sometimes occasion au increased straiii ou 
the articular surfaces resulting in cartilagiuous attrition, and 
more especially it is the problem of chondromalacia that enters 
our mind in this connection. 

I t  is not niy intentiou to  undertake a detailed symptoniatolo- 
gic description of cliondromalacia patellae ; I mean chiefly to 
discuss the different theories that have been advanced regarding 
the etiologic aspect. The first iiieiition of the disease was made 
by Biiditzger, who believed that  it originates from injuries in 
the cartilage caused by a trauma. I n  one patient, who was 
operated upon following an injury, he observed a subchondral 

Other workers also favoured the traumatic theory, although 
some of them made reservations. Thus, Latoen considered that 
while a trauma is the cause in many instances, in others the 
disease may arise without an-y kiiowii injury. From the begin- 
ning, therefore, much uncertainty was apparent in the attempts 
to account for chondromalacia patellae, and since a definite 
trauma could not be proved in all cases the suggestion \\-as 
made that i t  need not necessarily be a question of a single 
definj te trauma but rather perhaps of many small injuries 
(sometimes occurriiig in childhood) overlooked or  forgotten by 
the patient (dlenznn and d d m c s e n )  . However, there are re- 
ports on uuinistakeable cases in which no trauma preceded the 
appearance of chondromalacia patellae. 

Hence, in the earlier accouiits, a trauma, either in the form 
of an isolated iiijurf or of ninny small ones, was accorded the 
chief significance respecting the origin of the disease. It should 
be mentioned, however, that  soiiie authors entertained the pos- 
sibilily of other factors likely to have contributed to the origin 
of these degenerative cartilaginous changes, and Latoen, in par- 
ticula,r, emphasized that a niechanical element very probablr 
plays a role, either in the form of increased strain or, indirectly. 
through reduced power of resistaiice on the part of the cartilage. 
The Latter circumstance might be due to various eiidogeuous 
factors such as a derangement in the synovial chemism. Ac- 
cording to Lazoen, also, some significance may be attached to 

hemal oma in conjunction with cartilaginous fissure form a t’ 1011. 

Acta orthopaedica, Vol. XII, 1 4 .  23 
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the constitutional element, an assumption he based upon the 
fact that the affection can occur in such young subjects. 

The only worker who has discussed conditions of stress in 
the knee joint as the possible cause of chondromalacia patellae 
is Owe.  In  his exhaustive study on the disease he makes the 
following statement. “When examining for the presence of cre- 
pitation it must be remembered that not every part of the sur- 
face cartilage comes in contact with the facies patellaris femoris 
during the movement employed. Thus it frequently happens that 
no crepitation is perceived on active flexion, while this sign 
may be distinctly noted on active extension. This circumstance 
depends, as the author has found, upon the different anatomical 
relationships assumed by the patella during these two move- 
ments. On active flexion its lateral facet lies against the facies 
patellaris of the lateral femoral condyle, while on active ex- 
tension its medial facet lies against the facies patellaris of the 
medial femoral condyle.” 

Owre asserted also that the articular surfaces of the patella 
are utilized to a different degree during the phases of flexion 
and extension of the joint. Thus, on flexion, the lateral facet 
receives the greater stress, while on extension, which he believed 
takes place more actively than the movement of flexion, the 
medial facet is subjected to greater pressure than the lateral. 
He did not state, however, how he reached this conclusion. 

A number of other observations made by O w e  are worthy 
of mention. From his postmortem examination on 124 knee 
joints he noted that the greatest thickness of cartilage occurs 
on the medial patellar facet immediately adjoining the ridge. 
I n  this region, therefore, the cartilage probably receives the 
least nutriment, and in consideration of the previously men- 
tioned intense pressure against the medial facet when the knee 
is in  extension, it is quite likely that degenerative changes arise 
more easily here. 

Chondromalacia patellae starts as an edematous swellihg of 
the cartilage, which, according to Owre, arises first on the me- 
dial facet, whence it gradually spreads (see fig. 27). The sub- 
sequent cartilaginous streaking and degeneration is also simi- 
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larly located. When the affection has reached the border of the 
patella, this occurring first in the inferior medial area, small 
osteophytes appear on the bone. 

&we reasoned that  the relation between the cartilaginous 
surfaces of the patella and the femoral condyles might play 
some part in the origin of condromalacia patellae, and also that 
t h e  location of the changes in question might be explained by an  
uneven contact between the articular surfaces. However, he did 
not provide convincing proof to support his statement. 

P i g .  27. Diagram made by Owre, showing the localisation of 
chondromalacia in the patella. 

Silfverskiold, in his article on chondromalacia patellae, con- 
tended that  in a number of cases the patella is probably dis- 
placed laterally to an  abnormal extent. His observations were 
based on cases from which axial views of the patella were 
obtained. 

Thus, although the likelihood that  a n  uneven contact be- 
tween the articular siirfaces might lead to  degenerative chon- 
clral c:hanges has been entertained by some authors, noone has 
attempted directly to  demonstrate this element in chondro- 
malacia patellae. On the other hand, experimental examinations 
on the articular contact have been carried out in order to 
endeavour to  explain the origin of osteo-chondritis dissecans, 
or a t  least the factor causing the liberation of the diseased focus. 

Burchardt, for instance, believed he had proved that  the 
medial border of the patella nuder certain circumstances, e.6. 
when the knee is flexed a t  a sharp angle and the lower leg is 
rotated inward, is capable of producing an impression on the 
cartilage a t  the spot where osteo-chondritis dissecans charac- 

23* 
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teristically arises. He also demonstrated mathematically that 
the muscular Torce normally a t  the disposal of the knee joint 
suffices to bring about such an injury. 

Schmidt also made certain inferences from axial views he 
took of the patella. He observed that, in a knee with 90 degrees 
of flexion, the patella contacts more intimately with the lateral 
femoral condyle when the lower leg is rotated outward and with 
the medial condyle when the leg is rotated inward. At an angle 
of 90 degrees the superior border of the patella is on a leael 
with the condylar areas where osteo-chondritis dissecans arises, 
and through active outward or inward rotation any focus of 
the latter disease present could thus be liberated. 

None of the above-mentioned workers, however, has made a 
direct study of the relationships of the articular surfaces (the 
cartilage surfaces) under normal conditions, a matter that is 
obviously extremely important when estimating the significance 
of different contacts between the articular surfaces. 

In order to  attempt to increase our knowledge of the contact 
between the articular surfaces in the femoropatellar joint as  
well as of the articulation between the patella and the femoral 
condyles, I made additional investigations to complement my 
studies on normal anatomy clescribed in the first chapter. 

Experimental pathologic investigations. 

The material consisted of fresh postmortem specimens1) of 
the same type as those used for the roentgenographic studies 
on normal conditions. In order to bring out the cartilage sur- 
faces on the roentgen picture, it was necessary to paint them 
with a contrasting agent, and red lead proved the most suitable 
for the purpose. The joint was opened by cutting through the 
capsule laterally and loosening the quadriceps muscle. Both the 
patella and the femoral condyles were painted with a thin layer 
of red lead. To make the red lead stick to the cartilage, which 

I )  I desire to tender Professor F. Henschen my sincere thanks for the 
valuable assistance he gave me in procuring the specimens. 
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was slippery and sticky with synovia, it was necessary to  cleanse 
the al’ticular surfaces with alcohol and ether. When the contrast 
medium was dry, the patella was again brought into contact 
with the patellar surfaces of the femur with the joint flexed 
a t  definite angles, and the tendon of the quadriceps muscle was 
stretched so that the patella might be kept in place in the 
normal manner. The knee joint was then roentgenographed on 
the same principle as that employed for the living material. 

The first specimen was taken from a man of thirty. Ma- 
cimcopically, there was nothing unusual about the articular 
surfaces. On figure 28 a, which illustrates the knee flexed at 20 
degrees, i t  will be seen that  the contact between the articular 
surfaces of the cartilage is good. It is remarkable, however, that 
the lateral facet opposes the lateral femoral condyle along prac- 
tically its entire length. The ridge of the patella fits well in the 
groove on the patellar surfaces of the femur, but the medial 
patelllar facet contacts with the femur over only a small area 
close to the ridge. This agrees with the arthrographic findings 
from the normal knee, in which the contact with the medial 
facet in cases of this type (11) was relatively small compared 
with that facing the lateral facet. On the picture it is also pos- 
sible to see channels such a s  we saw on the arthrograms. The 
speciinen was then flexed at  40 degrees. This could not be done 
while the patella was in touch with the patellar surfaces of the 
femur, since the red lead would have been scraped off, a cir- 
cumstance to  which I shall return shortly. The patella was 
therefore raised and the joint flexed a t  40 degrees, wbereupoii 
the patella was replaced in position. The roentgenogram then 
taken (fig. 28 b) revealed that  the medial facet is now in some- 
what broader contact with the patellar surfaces of the femur. 
The relations are otherwise identical with those in figure 28 a. 
As the flexion became sharper the contact between the medial 
facet and the femur broadened but the pictures show nothing 
else of interest. It is only when the angle of flexion is increased 
to 80 or 90 degrees that  the picture changes (fig. 28 c) .  As soon 
a s  the intercondyloid fossa comes into the picture the patella 
loses its contact with this interlying section between the femoral 
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Pig. 28. Red lead preparation from a man of 30. 
a = flexed at 200. b = flexed at 400. c = flexed at 900. 
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condyles and contacts only with the facets. Owing to its convex 
form the medial facet has a smaller articular contact surface 
than the lateral, but even the latter partially loses contact. 

a 

Lateral 

Pig. 29. Red lead preparation from a woman of 29. 
a = flexed at 400. 
b = flexed at 900. 

Medial 

b 

Another specimen was relative to a woinan of twenty-nine, 
and here too the articular cartilage was unaffected, grossly. 
I n  figure 29 a the knee is flexed a t  40 degrees and the picture 
accords well with figure 28a. Thus, the lateral facet contacts 
broadly and the medial facet only with the part bordering on 
the ~ii3g.e. At 90 degrees (fig. 29 b) a hiatus has arisen between 
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the patellar ridge and the femur corresponding to the inter- 
condyloid fossa. The external part of the medial patellar facet 
is now in contact with the femoral condyle. 

A further specimen that was roentgenographed gave results 
very similar to the two just described. 

I mentioned earlier in the chapter that if a knee joint treated 

Fig.  30. Drawing illustrating the method employed in cutting 
frozen sections. 

with red lead is flexed, the red lead is flaked off as the flexion 
increases. This affords another nieans of studying the contact 
between the articular surfaces during movements in the joint. 
We find that a t  the lower,angles, from 20 to 50 degrees, contact 
is present with the lateral facet and with a small part of the 
medial facet, but it is closest of all with the ridge. After 50 
degrees, the pressure on the ridge lessens and the facets take 
over more of the strain while from about 70 degrees upward 
the pressure on the ridge is still less. It disappears entirely a t  9' 
degrees, when there is no further contact. These angles of 
flexion should not be regarded as arbitrary; some variation is 
apparent but it nevertheless keeps within a 10 degree limit. 

Still a third method was adopted in investigating the 
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niechanics of the feinoropatellar joint. Autopsy specimens, taken in 
exactly the same way as  the previous ones, were fixed on a wooden 
stand which was capable of flexing the joint a t  different angles. 
To keep the patella in  position the quadriceps musculature was 
fixed to the feiniir; since the joint had iiot been opened the 
negative pressure iu  the joint was thus maintained, and con- 
tributed towards holding the patella in its place. The specimens 
were preserved in a refrigerator for several days until they 
were thoroughly frozen and were then cut  into sections varying 
in tliickness f~oi i i  0.5 cni. to  1 em. The direction of r u t  was 
horin:oiital and a t  right angles to  the surface of the patella 
(see fig. 30)) since the aim was to  examine how the contact was 
clisti ibutecl between the clifferent parts of the patella, and the 
fen1ur. 

Twenty-five specimens were examined by this method. ’3. nice 
w-e wanted t o  leave the joint unopened we were unable to  study 
the appearance of the cartilage beforehand; it was thus iiot 
possible to select suitable knee joints, we had to take them as 
they came. There was consequently great variation in the age 
of the subjects, but for natural reasons the major par t  of the 
material related to  old subjects. The material is assembled in 
the following table. 

TABLE I. 
Specimens. 

~ _ _  _ _ _ ~  

1 Type of Chondr. , patella patellae Position of joint 
Case Age in 
NO. - 

1. 

3. 
-1. 
5. 
6;. 

-.. 

I. 

x. 
9. 

10. 
11. 
7 2. 

d 
d 
0” 
d 
0“ 
d 
d 
0 
d 
Q 
d 
d 

extension 
extension 
:30° of flex. 
300 of flex. 
450 of flex. 
450 of flex. 
450 of flex. 
900 of flex. 
900 of flex. 

1150 of flex. 
900 of flex. 

1150 of flex. 

I1 
I1 
TI 
I1 
I 

I1 
I1 
I 1  
I1 
I1 
I1 
TI 

0 
0 + + + + + + + 
0 + + 
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Position of joint Case Age in 
No. 

13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 

9 
0 
d 
0" 
d 
9 
9 
d 
9 
9 
8 
0 
d 

79 
65 
22 
17 
45 
59 
28 
25 
46 
36 
64 
59 
74 

1150 of flex. 
900 of flex. 

1150 of flex. 
900 of flex. 
900 of flex. 
900 of flex. 

1150 of flex. 
1250 of flex. 
1400 of flex. 
1150 of flex. 
1150 of flex. 
1150 of flex. 
90° of flex. 

I1 
I1 
I 
I 

I11 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 

+ + 
0 
0 + + + 
0 + + + + + 

It will be noted that very few of the subjects displayed 
completely unaffected cartilage ; in the majority far-advanced 
cartilaginous changes were present. Greatest interest is natural- 
ly attached to those exhibiting chondromalacia in the incipient 
stage, since in these cases the original form of the articular 
surface is maintained intact, making it possible to gain a clear 
conception of how the contact had appeared. In  well-advanced 
chondromalacia the contact is not as it was originally, owing 
to the reduced height of the cartilage. 

The specimens were fixated in different positions, i.e. two 
in extension, two at 30 degrees of flexion, three at 45 degrees, 
eight a t  90 degrees, eight a t  115 degrees, one a t  125 degrees and 
one at  140 degrees. It is obvious that only a general idea of the 
mechanism of the articular contact may be gained by this means, 
seeing that different specimens must represent different posi- 
tions. There is no other choice, however, as the same specimen 
cannot be examined in different positions other than by inspec- 
tion, which is not so exact as the section meth'od. I shall return 
later in this chapter to one case in which an inspection of the 
movements of the joint provided information on a number of 
interesting features. 

As the specimens had softened during the sectioning they 
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were again frozen and then photographed. Space does not permit 
of a description of all the specimens and I have therefore select- 
ed a number of typical cases. Before I proceed t o  a discussion 
of them I should like to make a few general remarks on the 
entire material. 

As in the case of the roentgenologic appearance of normal 
material, i t  was possible to  group the specimens under review 
on a similar principle. From the sections, a good idea may be 
formed of the shape of the patella as it appears on a horizontal 
section, and this shape tallies also with the roentgen picture. 
Three specimens were classed as belonging to group I, twenty- 
one to group 11, and one to group 111. 

Coming now to a review of the material, the first specimen 
(no. 2, fig. 31) is an  example of a joint in extension, relative 
to a man of thirty-seven. On view 31 a the section runs in the 
exact centre of the patella. The par t  of the femur that  rests 
agaiiist the patella is not covered with cartilage. This fact does 
not come out  quite clearly on the photograph. The white area 
is subsynovial fatty tissue which has this appearance on a frozen 
section. The patella must therefore be situated very high up, 
as has also been described in the chapter on normal anatomy. 
On view 31 b, in which the section was cut  1 em. lower down. 
cartilage is now present on the anterior surface of the femoral 
condyles (the patellar surface), and the contact is good between 
the articular surfaces of the patella and of the femur ,though 
it rests chiefly on the lateral part. Furthest toward the medial 
aspect the odd facet is distinguished, delimited from the rest 
of the medial patellar facet. I n  the third section, 31 c, only 1 em. 
lower down on the patella, the contact between the articular 
surfaces is completely broken, and only the apex of the patella 
has been included in  the picture; the interlying space between 
the patella and the femoral condyles is filled up by the infra- 
patellar pad of fat. 

This case illustrates tha t  in  extension the contact is relative- 
ly small, comprising only the lower par t  of the knee cap, or the 
“extension facets”. There is no sign of chondromalacia, and the 
case may be classed as type 11. 
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The second specimen (no. 4, fig. 32) is a joint flexed a t  30 
degrees. The subject was a man of seventy-nine. 

The first section, 32 a, is from the middle of the patella, and 
here, as in the previous case, there is no cartilage on the femur. 
On the ridge there are traces of chondromalacia extending on to 
the medial facet. On section 32 b, 1 cm. further down, cartilage 
is noticed on the femoral condyles and the contact between both 
medial and lateral facets is good. It is afso possible to see the 
ridge separating the odd medial facet from the remainder of 
the medial articular surface of the patella. The chondromalacia 
extends out to the median ridge. The third section, 32 c, shows 
continued good contact, although the lateral condyle does not 
occupy such a large proportion of the contact as in the first 
two views. There are no longer any evidences of chondromalacia. 
The section was cut 1 cm. below 32 b, and a section made 1 em. 
lower no longer contained portions of the patella. 

I n  this case also, the contact between the articular surfaces 
may be regarded as relatively small, and the “extension facets” 
are those mainly engaged. The case has been placed in group 11. 

The next angle of flexion was 45 degrees, and the specimen 
representing this position derives from a man of thirty-five 
(no. 5, fig. 33). On the first section, 33 a, which was cut 1 cni. 
below the base of the patella, it will be noted that even liere 
there is good contact between the articular surfaces. While both 
the facets share almost equally in the contact, the lateral takes 
the greater share. Section 33 b was cut 0.7 cm. lower down on 
the patella and hardly differs from view 33 a. The next section, 
33 c, was taken still another 0.7 em. further down. The contact 
between the articular surfaces is still good and on the ridge 
signs of chondromalacia are visible. View 33 d illustrates a sec- 
tion 0.7 cm. lower, and here there is no longer any contact be- 
tween either the medial or lateral facets and the femur. I f  
section 33 c.is examined from the posterior aspect we find that 
the contact between the patella and the femoral condyles occiirs 
first on the medial facet. Evidences of chondromalacia are no 
longer present. 

In  this case, the contact between the articular surfaces is 
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Pig. 33. Specimen 5. Man of 35. Knee flexed at 450. 

much broader lengthways on the patella than it was in the two 
previoiis specimens. This is to be expected, seeing that  in a 
knee with 45 degrees of flexion the articular surface of the 
femora1 condyles (the patellar surface) is also involved. Possib- 
ly, from view 33d, in consideration of the complete la& of 
contact between the articular surfaces one might believe that  
the patella had been dislocated in the specimen and that  the 
picture does not represent normal conditions, but the position 
is undoubtedly fully correct. The contact in the superior parts 
of the patella is so broad that  the inferior par ts  could not pos- 
sibly be forced in against the femoral condyles, and the inter- 
vening space has instead been filled up by the infrapatellar fatty 
pad. The case comes under group I. 

We shall soon see that as the flexion becomes more acute, 
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more interest is attached to the contact of the articular surfaces. 
I therefore thought it wise to describe one more specimen of a 
knee with 45 degrees of flexion. This one relates to a man of 
thirty (no. 6, fig. 34). On the first section, 1 cm. below the base 
of the patella, 34 a, the contact between both lateral and medial 
facets of the patella and the femur is good. It is broadest, how- 
ever, on the lateral part, The next section, 34 b, 0.5 cm. lower, 
reveals that the contact between the articular surfaces is now 
broader. Section 34c, 0.7 cm. below 34b, does not differ to 
any degree from the latter. A change has taken place in section 
34 d, cut 1 cm. below 34 c. Owing to vestiges of blood on the 
patellar cartilage the points of contact are not too clear, but 
it is nevertheless evident that the lateral facet has lost contact 
while the medial is still in touch, although only over a small 
area. Precisely at this point of contact changes due to incipient 
chondromalacia are to be discerned. On the next section, 34 e, 
0.5 em. lower, there is no contact whatever between the patella 
and the femur. 

The specimen belongs to group 11, and as  in the last-men- 
tioned case the contact between the articular surfaces is broader 
than in the lower angles of flexion. 

The next specimen is the first example of a knee flexed a t  
90 degrees (no. 9, fig. 35). On the first section, 35 a, which was 
taken 0.5 cm. below the base of the patella, the contact between 
the articular surfaces is good. On the next, 35 b, 0.5 em. lower, 
it is chiefly the lateral facet that makes contact, but the medial 
is also engaged. Chondromalacia is distinguished, embracing 
mainly the medial facet but also extending to the ridge and the 
lateral facet. On section 35 c, 0.7 cm. lower, there is practically 
no alteration, but in 35 d the contact begins to disconnect op- 
posite the ridge. The chondromalacia is manifest and is par- 
ticularly marked on the spot where the medial facet rests against 
the medial femoral condyle. On the last section, 35 e, 0.6 cm. 
lower, the contact between the patella and the femur is wholly 
disconnected, but the medial facet lies nearest the femur. The 
specimen is classed as group 11. 

Another specimen (no. 16, fig. 36) flexed at  90 degrees 
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Fig. 36. Specimen 16. Man of 17. Knee flexed at 900. 

nhou s good contact 011 tlie first section, 36 a, cut 0.5 em. below 
the base of the patella. The contact is also good on the next 
sectilon, 36 b, 0.7 cni. lower. On the third section, 36 c, 0.7 cni. 
lower, the contact is being releasecl aud the depression between 
the eofidyles has increased, indicating tliat tlie intercondyloirl 
fossa is being approached. However, the niedial facet still con- 
tacts a t  a spot closely adjoining the ridge relative to tlie odd 
medial facet. The last section, 36 d, which lies 0.8 em. lower, 
reveals that  the patella is no longer in contact with the fernnia. 
S o  chondronialacia was observed in this case, probably due to 
the youth of the patient-I7 years. The specimen belonged t o  
group I. 

I include a third wpeciirien (no. 25, fig. 37) from tlie series 
flexed at 90 degrees. On the first section, 37 a, 0.5 cin. helow the 
base of the patella, there is good contact, and on the next, 37 b, 

24* 
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0.7 wi. lower, the i*elatioiis have not appreciably altered. On 
the lhircl section, 0.5 em. lower, the contact has begun to slip 
in the central par t  of the patella. On the ridge, and encroaching 
upon the iiiedial facet there is an incipient chondromalacia. On 
section 37 c, 0.6 ciii. lower, the contact opposing the central par t  
has still further loosened ; the supporting area is mainly against 
the nieclial facet, where tlie ridge tha t  deinarcates the odd 
medial facet from the other part  of the articular surface of the 
pateIla. is clearly appawnt.  The nialacia is still diffused. The 
last  section, 87 (1. --as cut 0.7 cni. lower, and there is no longer 
contact between the articular surfaces. The specimen may be 
grouped as type 11. 

Thus, from these three specirneiis with 90 degrees of flexion 
we lmi-n tha t  the contact with the median ridge disappears all- 
proximately opposite the centre of the patella, reckoned in a 
longi~tudinal direction ; this is  due to the intercondyloid fossa. 
Furthermore, the contact on the medial Facet has shifted out- 
ward, so that  the contact suyface lies a t  the ridge adjoining 
the odd medial facet, a circunistance illustrated beautifully by 
the second specimen a t  90 degrees (fig. 36) .  

The nest  angle of flexion taken was 115 degrees. This posi- 
tion, a s  well as  that  a t  90 degrees, is in  my opinion the most 
iiiteiestiiig from the standpoint of the contact surfaces in  the 
femoropatellar joint, since i t  is in the articular contact surfaces 
in these positions tha t  the greatest alterations may be observed. 
I reproduce pictures of two specimens. 

The first relates to a inan of forty-nine (no. 12, fig. 38)) and 
the upperniost section 38 a was cut 1 em. below the base of the 
patella. IIere tlie contact between the two facets is good, slight- 
ly bi’oader on the lateral. We see also tha t  the difference in 
level between the medial and lateral fenioral condyles is no 
loiig~~i* as marked as in the previously mentioned specimens. 
This is of course due to the fact that  when the section finally 
meets the patella the latter is no longer in contact with the 
superior parts of the femoral condyles, the true femo~opatellar 
joint, but only with the inferior part, the par t  that  in reality 
constitutes the wuppoi+ng surface for the tibia and where, 
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Fig.  58. Specimen 12. Man of 49. Knee flexed at 1 1 5 O .  

according to  the normal anatomy, there exists no difference iii 
level between the condyles. On section 38 b, taken 0.7 em. lowei- 
down, the intercondyloid fossa already comes out very clearly. 
The contact thus comprises only the medial and lateral facets, 
and the broadest contact is found on the lateral facet, while 
on the medial side the facet and the condyle oppose one another 
only with convex surfaces. At  this spot also, initial chondral 
malacia of the patella is observed. Section 38c, 0.8 em. lower, 
shows practicalIy the same pictui-e as 38 b, with the difference, 
however, that  the point of contact on the medial patellar facet 
has shifted further toward the medial aspect (toward the border 
of the patella). The cartilage in this area is morbidly soft on 
this section also, and one has the definite impression that  the 
malacic cartilage is impressed by the femoral condyle. On 38 d 
we can see that  the medial par t  of the medial facet is demarcated 
from the other par t  by a little ridge, evidently the ridge some- 
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times seen between the odd facet and the remainder of the 
niedial patellar facet. If this picture is compared with 3 8 c  it 
will be noted that  the irnpressecl area is exactly opposite the 
place for this ridge. 

This specimen, which belongs to  group 11, illustrates what 
an  essential difference this position of flexion displays, a s  re- 
gards the contact between the patella and the femur, i n  com- 
parison with, for instance, the specimen in the extended position. 
It is now the upper  part  of the patella tha t  answers for the 
contact, i.e. the “flexion facets”. The lower par t  of the patella 
has no contact whatever with the femoral condyles, a fact that  
is confirmed when we continue cutting the sections. Even a t  
0.7 em. lower down, the contact is completely disconnected, aqd 
a further fact is evident, the lateral condyle is situated furthest 
from the femur, a ciivmmstance tha t  is already visible on view 
38 cl, ton which we find that  the contact between the lateral 
condyle and the patella has begun to loosen. 

The second specimen in this series (no. 15, fig. 39) derives 
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d 

Fig .  39. Specimen 15. Man of 22. Knee flexed at 115” 
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from a man of twenty-two, and may be classed under group I. 
Section 39 a lies 1 em. below the base of the patella, and we 
can distinguish that there is good contact between both the 
facets and the feniur. The medial facet also in this case takes 
a fair proportion of the articular contact surface. On the next 
section, 39b, 0.8 cm. lower, the contact is still good and the 
intercondyloid fossa is beginning to appear. On section 39 c, 
0.7 cm. lower, the intercondyloid fossa is already broad, so that 
almost half of the middle section of the patella no longer has 
any point of contact; furthermore, the lateral facet shows a 
tendency to lose contact and only the medial facet is in touch, 
opposing the convex surface of the fenioi=al condyle with a con- 
vex surface. Here also we can see traces of the ridge that se- 
parates the odd facet froin the articular surface in general. On 
the last section, 39 d, 0.5 em. lower, the contact has been lost 
with the medial facet also. There is no chondromalacia present 
in this case. 

In order to make my study more complete, I examined several 
specimens in other positions of flexion, namely, 125 degrees and 
140 degrees. The first of these (no. 20, fig. 40) relates to a man 
of twenty-five. Even on the first section, 40 a, cut 1 cm. below 
the base of the patella, the intercondyloid fossa comes out very 
clearly, owing to the extreme flexion of the joint. The contact 
is good between both the medial and lateral facets and the 
femoral condyles, but we can observe clearly that it is in par- 
ticular tbe lateral facet that constitutes the supporting surface 
while the medial opposes a convex surface to the equally convex 
femoral condyle. On the next section, 40b, that lies 0.9 em. 
lower, the contact between the articular surfaces is practically 
unchanged, and an odd facet is clearly distinguishable on the 
medial aspect, marked off from the other part of the articular 
surface by a ridge. On the third section, 40 c, 0.7 em. lower, the 
lateral facet has lost contact, and on the medial facet i t  is just 
the ridge adjoining the odd medial facet, already observed on 
the previous section, that  forms the point of contact. 

This specimen had no signs of chondi.omalacia and may be 
placed in group 11. 
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Fig.  40. S~eciinen 20. Man of 25. Knee flexed at 1 2 5 O .  

‘Che first section cut from my last specimen (no. 21, fig. 41) 
lies 1 em. below the base of the patella. Here the interrondyloid 
fossa is even clearer than in the last-mentioned case (fig. 40). 
There is contact between both medial and lateral facets, chiefly 
the lateral, and on the medial there is contact between two 
coiivex surfaces, a s  in the previous specimen. There is a mild 
chondromalacia on the lateral facet closely adjoining the median 
ridge and opposite the innermost bordei* of the feinoral coiidyle 
where the cartilage ends. On the next section, 41 b, 0.S em. lower, 
there is still good contact with the lateral facet while on the 
medial facet the contact surface has nioved further out towards 
the border and it looks very much a s  if it is just the odd medial 
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Fig.  41. Specimen 21. Woman of 46. Knee flexed at 1400. 

patellar facet that makes the contact. This facet is marked off 
also from the rest of the articular surface by a clearly defined 
ridge. The chondromalacia close to the median ridge is still 
present. Section 41c, 0.6 em. lower, reveals that  the lateral 
facet is beginning to  lose contact, and the medial touches as  in 
the previous section. There is no sign of chondromalacia. The 
last section, 41d, was cut 0.7 cm. lower, and the medial facet 
is seen to be only just in contact with the femoral condyle. 

This specimen belongs to group 11, and we find that  as in 
the lastmentioned case, it is only the “flexion facets” of the 
patella that  are  in contact with the femoral condyles when the 
joint is flexed a t  this extreme angle. Even in the sections taken 
from a joint at 115 degrees of flexion we could observe how the 
patella may sink in  between the femoral condyles, and this is 
still more pronounced in the position of extreme flexion under 
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discussion. M’heii a section such as 41 c is studied we realise 
without difficulty the reason why the “joint space” is lower 
than in the smaller angles of flexion, where the thickness of 
the cartilage on the ridge of the patella determines the height 
of the joint cavity. 

Iieviewing these autopsy specimens, i t  is possible to draw 

Pig .  42. A photograph of the back of the patella. 
(Taken from a paper by Owre.) 

a number of general conclusions in addition to the particular 
obserFatioiis made in each separate case. Thus, the two channels 
that a re  formed between the patella and the femoral condyles, 
one 011 the medial and one on the lateral side, a re  iiivariably 
found to  be filled with fleshy tissue, and these folds evidently 
constitute the continuation upward of the alar folds. I n  figure 
42, which is taken from Ozwe’s communication, the alar folds 
are seen to continue on both sides of the patella in the sub- 
synovial folds of fat, separated from the patella by a deep 
“moat”. The latter is also easily distinguishable on the arthro- 
grams, due to the fact that  it becomes filled with the contrast 
medium and appears as a ring around the patella. The channel 
on the medial side is especially striking, aiid the syiiorial fold 
present here is obviously identical with the fold described by 
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L a m  and TVachsmutli as the alar fold. Where these alar folds 
end is a matter for discussion. The general view seems to be 
that they reach no further than to the inferior part of the patel- 
la. The transition from this inferior part to the continuation 
in the subsynovial folds of fat on the sides of the patella is so 
indistinct, however, that I am inclined to agree with Lanz and 
Wachsmuth that the alar folds extend as far as to the base of 
the patella, in which case they also embrace it. 

As regards the thickness of the patellar cartilage, my material 
was not sufficiently comprehensive to allow me to draw definite 
conclusions, especially as  we cannot include the cases in which 
chondromalacia has already appeared, since we are not then 
dealing with normal conditions. The cases of most interest are 
those exhibiting only slight degenerative chondral changes. The 
place where the patellar cartilage is thickest seems to vary. 
It is not always the median ridge nor the median facet adjoining 
this ridge; in some instances, it is the ridge adjoining the odd 
facet. I have been unable to find convincing proof that the 
distribution of cartilage on the patellar facets has any direct 
connection n-ith the different types of knee caps. Possibly, more 
extensive material consisting of normal knees, or knees mani- 
festing slight degenerative cartilaginous changes, might give a 
positive result. The collection of such material would undoubted- 
ly require much time, however, seeing that suitable cases are 
few among the ordigary psstmortem material. 

I stated earlier in this chapter that the frozen section 
method is incapable of illustrating how one and the Same joint 
appears in different positions of flexion, and that we can only 
obtain by this means a general conception of the articular func- 
tion. By combining the picture of the section with the thickness 
of the section it is also possible to form an idea of what propor- 
tion of the articular surface of the patella is in contact with 
the articular surface of the femur. The whole patella is obviously 
never in contact with the femur at once, and the broadest con- 
tact seems to occur in the intermediate positions. The fact that 
the contact surfaces vary when the joint is in different positions 
of flexion is proved very plainly. Thus, in extension, only the 
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inferior par t  of the articular surface of tlie patella (the “exteiis- 
ion facets” ) rests against the femur. while in extreme flexion 
it is instead the superior part of the patella (the “flexioii 
facets” ) that  contacts with the femoral condyles. In  extension. 
or at  a low angle of flexion (30 degrees), both the medial and 
the lateral facets contact well with the articular fenioral sui*- 
face, the lateral taliiiig tlie gi3eater proportion ; this we were 
able l o  observe in the studies on noi-nial conditions with the 
aid o f red lead prepn r a t  ions a n d art h i*o g P a 1) hie ex a m ilia t ioii s . 
Tlrlieii we follow the section series froiti extension l o  acute 
flexion, the most sigiiificaitt feature that  coiiies to  light is that 
tlie contact surface on the iiiedial patellar facet inores gradually 
fur thw out toward the border of the patella until in extreme 
flexiou i t  is situated right a t  the border itself. Fnrtliermore, 
from about 90 degrees aiid upward, n.e find that  convex ar- 
ticular surfaces on tlie patella and tlie femoral condyles oppow 
one another on the iiiedial ilspect. It is t rue that  the entire 
contact is not supported by tlie medial part  of the patellar facet 
alone, not ewii in the inost extreiiie positions of flexion, aiic? 
that  rlie lateral facet and partly also tlie upperinost par t  of 
the pitella bear a proportion of tlie >tress. I n  any event, tlie 
pressure oil the sitiall contact area that  is arailable when two 
conreK articular surfaces are opposed iiinst be considerably 
greater than when there is a broad contact in complete coii- 
gruence. Besides this, i f  Ozt-re is correct in his assertion that 
when the knee is extended the iiiedial facet must b w r  the main 
proportion of tlie stress, aiid that the nioreinent of estensioii 
takes place with greater force than that  of flexion, then these ele- 
ments also foiwi an  additioiial strain on this siiinll contact sur- 
face. I ain therefore iiiclined to believe that  this may be the 
reason why cliondropathic changes are found chiefly on the 
medial patellar facet. To illustrate this last  statement, I refer 
to the specimen relating to figure 38. On views 38 c and 38 d the 
contact is practically a t  the border of the patella, and iii ad- 
dition a convex surface of the facet opposes a convex surface on 
the condyle, i.e. the point of contact is very aniall. I n  rtly opinion, 
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therefore, the fact that an incipient chondromalacia occurs 
just a t  this spot is no chance circumstance. 

Another feature deserves mention, since it undoubtedly 
constitutes a further factor making for strain on the cartilage. 
This refers to the ridge delimiting the odd facet from the rest 
of the patella, mentioned in the description of some of the 
specimens (figs. 36, 38, 40, 41). As already stated, the contact 
surface of the medial patellar facet moves gradually further 
out toward the border as the angle of flexion increases, and at 
R certain stage, therefore, this ridge must be passed. At the 
moment of passing the stress is concentrated on a very small 
area, a fact that, in theory, might produce chondral friction. 
I was lucky enough to encounter a specimen that splendidly 
confirmed my assumption. This was the third of the specimens 
treated with red lead in my studies on normal anatomy. 

The odd medial patellar facet in this case was well-developed, 
and the ridge separating it from the medial facet was clearly 
defined. Although the subject was only twenty-one there was 
present on this ridge pronounced cartilaginous softening mani- 
festing yellowish discoloration, in other words, an unmistak- 
eable, incipient chondromalacia. As far as was possible, I ex- 
amined the articular contact surface of this specimen in joint 
movements and an interesting fact was noted. From extension 
up to a flexion of about 80 degrees there was contact between 
both medial and lateral facets and the opposing femoral condyle, 
and between the ridge and the patellar surface, but from 80 
degrees upward there was a change. The lateral facet maintained 
contact but on the medial part of the patella the stress slid 
over to  the odd facet. This transition did not take place with 
an even, gliding movement; the ridge was passed with a little 
jerk in the patella which a t  the same time was laterally dis- 
placed. Although I attempted to obtain pictures of the joint 
a t  the exact moment when the passage over the ridge occurs, I 
was unsuccessful, due probably to the fact that it is not a posi- 
tion of rest but a momentarily occurring transition. On figure 
43, however, we may discern imperfectly the position when 
the ridge adjoining the odd facet is in contact with the femoral 
condyle. 
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The examination of the autopsy specimens brought out that  
the stress on the contact surface of the medial patellar facet is 
not by any means equal to that on the lateral. On the latter 
the surface is concave and is adapted to the convex surface of 
the condyle, and a s  long as a contact exists between these two 
surf:ices, it is broad. When the contact disconnects from the 
lateral part of the patella, i t  appears to take place along the 

Later ill a 

Medial 

b 

Fig.  $8. A red lead preparation showing the contact between the medial 
femoral condyle and the ridge adjoining the odd medial patellar facet. 
a = the odd medial facet coated with red lead. b = indicates the ridge 
adjoining the facet. The contrast on the articular surface of the ridge 

ci-osses that  on the articular siirface of the Inrtlial femoral condyle. 

whole surface a t  once. On the medial side, on the other hand, 
convex articular surfaces oppose one another in the more acntely 
flexed positions, and this fact, in my opinion, is conducive to 
cartilaginous friction in these areas. We may ask why similar 
changes do not appear on the medial femoral condyle, which is 
subjticted to  exactly the same stress on a similar contact SUP- 

face. The explanation may possibly lie in the thickness of the 
cartilage. While the cartilage on the femoral condyle is “oiily” 
2.6 mm. to 3.2 mm., it is considerably thicker on the patella. 
On the ridge i t  may even be as thick as 6.4 mm. and on the 
facets a little thinner, but exact information on this subject 
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is not available. I n  any event, it is considerably thicker than 
on the femoral condyles. While not wishing to make a definite 
statement regarding the nutrition of the cartilage, I believe it 
likely that the patellar cartilage, owiiig to its thickness, iuay 
have smaller chances of receiving nutriment than the femoral 
cartilage, ancl that  consequently it inore easily falls a prey to  
degenerative disease. Furthermore, it should be borne in  mind 
that  as the articular surface of the iiieclial femoral condyle is 
larger than on the medial patellar facet, the pressure on the 
condyle has more room to vary tliaii on the patella. An obvious 
objection is that chonclromalacia cloes not always occur on the 
medial facet (e.g. see fig. 41), although this locatiou is undoubt- 
edly the commonest. I n  defence I should reply that  extreme 
care must be exercised in  judging cases of chondromalacia. It 
is only possible to determine the primary location of the process 
as long as  it is in the initial stage. If the degenerative changes 
have advanced it may be impossible to establish whether the 
disease began on the medial or lateral facet or on one of the 
ridges. Thus, manifest chondromalacia on both facets may have 
originated on the meclial facet. I do not want to go so far a s  
to assert that  all cases of chonclromalacia arise on the medial 
facet. Budinger demonstrated that a trauma may cause cracks 
in the cartilage that  result in chondromalacia, and such a trau- 
ma may of course affect the patella in  such a way that  t h e  
main damage is done to the lateral facet. I n  the majority of 
cases, however, I, for my part, shoiild not think a trauma neces- 
sary to cause the lesions. At  all events, if  the knee has really 
received a blow on the patella, there is much more likelihood 
that  the cartilage on the medial facet will be affected, in view 
of the small contact surface that  is subjected to the extra stress. 
What I want to emphasize in  particular is that  even without 
any trauma the element of friction is likely to be greater on 
the medial facet than on the lateral, and as already suggested 
it is not improbable that we have here the explanation of spon- 
taneous chondromalacia patellae. 

It would be interesting to investigate the connection between 
chondromalacia patellae and some definite type of the patella. 
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My material was too limited for this, however, since the usable 
cases were confined to  those displaying only slight changes, bnt 
more comprehensive material might provide an  answer to this 
problem. 

Whether it is a question of a single trauma, several smaller 
ones, or merely friction, we must Beep in niind that these are 
not the only deciding factors. Other causes besides the purely 
mechanical ones play a par t  and disposing elements, such as 
iwlucecl tissular vitality, a re  doubtless also required. At  least 
we are  inclined to  fall back on such explanations \Vlieil we 
encounter two otherwise identical cases, in one of which chon- 
dromalacia is present and in the other of which i t  is absent. 

Clliaicul obsercntiolzs on the fertzoropntelltw joi lit i ic 
cAondr.omalacia patellae. 

I shall now discuss the cases of chondromalacia from wliich 
I took roentgen pictures. A total of 28 patients and 53 knees 
were roentgenographed with the special projection, and 43 dis- 
played manifest chondronialacic changes. Tlie diagnosis was of 
course based on the clinical examination, which may be regarded 
as fully reliable when made by a practised medical inan. The 
pictures were first dealt with from the viewpoint of the ap- 
pearance and position of the patella. On the basis of the three 
type groups that I had set up as normal variants, 6 eases coiiltt 
be classed as examples of group I, 42 as group 11, and 5 a s  groixp 
111, a distribution that  corresponded well with that obserretl 
in the normal material. There was thus no appreciable alteration 
in the proportionate distribution between the groups. One fea- 
ture was worthy of note, however. In the three cases in gi=oup 
111 (two were bilateral) no trauma was mentioned in the anam- 
nesis, and the patients in question were relatively young, narne- 
ly, 24, 31, and 35 years. They nerertheless presented severe chon- 
dromalacic changes. Whether this is an  indication that  the 
third group has a predisposition to  ehondronialacia patellae 
will be left open for discussion, but the fact tha t  the changes 
appeared a t  such an earl7 age seeins to point in that direction. 

25 Acta arthopaedica, Vol. XII, 1 4 ,  
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As a possible reason I shall only refer to the results of my 
examinations on the autopsy specimens ; the extra stress on 
the medial facet, mentioned there, wag suggested as the possible 
cause of the malacic changes. The medial facet on a patella 
classified as type 111, is more convex than on the other types, 
and the point of contact with which the facet rests against the 
femoral condyle is thus even further reduced. One objection is, 
of course, that we ought to have encountered more examples 
belonging to this third group. 

I was not able to observe any change in the position of the 
patella in relation to the femoral condyles, such as Bilfvesski6ld 
suggested in chondromalacia patellae. I n  this respect, however, 
one case (4089/30) might be mentioned. The patient displayed 
moderate bilateral chondromalaeia, and on the roentgenogram 
of the right side (fig. 44a) the patella showed a tendency to 
lateral displacement. On the left side, also, there were indica- 
tions of the same condition. In  my opinion, this must be inter- 
preted as a beginning reduction in the cartilage with secondary 
lateral displacement of the patella, and not as a primary change 
in position. This assumption is based on the findings made in 
the complication of osteo-arthritis ; where the cartilage was 
greatly reduced the patella in some instances was found to be 
much displaced laterad. 

This reduction in cartilage in chondromalacia patellae is 
the feature most likely to be confirmed by means of an axial 
projection. However, i t  must be realized in advance that the 
milder forms of chondromalacia patellae, manifesting only 
edema of the cartilage or  slight malacia, wilI hardly give de- 
finite roentgenoIogic evidence. In  these cases a sufficient car- 
tilaginous surface remains to prevent a reduction in the height 
of the articular cartilage as a whole. I n  my material also, none 
of the mild cases displayed any reduction on the affected side 
as compared with the healthy one. The condition for being able 
to establish a reduction in cartilage is, naturally, a healthy 
side to act as a comparison. 

Most workers regard chondromalacia patellae as an inde- 
pendent disease. This is justifiable, but the process must un- 
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Medial 

b 
Fig.  j + .  Case 4089/30. ,4 slight lateral displacement of the patella is  

visible on view a. 

cloitbledly also be regarded as a precursor of osteo-arthritis. 
Further, as soon as the development lias begun in this direction 
the height of the patellai, cartilage cliniiiiishes and a noticeable 
difference i s  seen between the healthy and the affected sitlea. 

25* 
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Unfortunately, since the one-sided cases are much rarer than 
the double-sided ones, a fact confirmed by my material, there 
are fewer opportunities to make use of this diagnostic aid. We 
may also wonder whether the cases in question should be 

Medial 

a 

Lateral 

Latertil 

Medial 

b 
Fig. 45. Case 942i41. 

a = left side, showing R reduction in cartilage. 
b = right side, normal. 

termed chondromalacia patellae or osteo-arthritis. It is impos- 
sible to draw any hard and fast distinction ; the clinical picture 
must act as the deciding factor. Case 942/41 (fig. 45) displays 
a definite reduction in cartilage in established traumatic chon- 
dromalacia. 

As we know, osseous formations on the superior and inferior 
borders of the patella have been considered an early roentgeno- 
logic symptom of osteo-arthritis and these osteophytes may be 
taken as an  expression of the reactive new tissue formation at 
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Lateral 

F i g .  16. Vase 51/41. Ostrolhytic formation on the iiietlial femoral condyle 
(iiidiratecl by the arrow). 

Lateral Medial 

P i y .  $7'. Case 1908J41. Osteophytic formntion on the medial femoral 
condyle (indicated by the arrow). 

the border of the patella resulting from advanced chondromala- 
cia patellae. 

According to Oiore, the malacic process reaches the border 
of the patella first in the lower medial area (see fig. 27), and 
the osteophytes might therefore be expectecl to appear earlier 
on this par t  of the patella than on the upper and lower borders. 
This does not prove to be the case, however; osteophytes do not 
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appear at this edge until those 011 the upper and lower borders 
of the patella are well advanced. 

A small osseous formation has often been noted a t  a. very 
early stage on the medial femoral condyle, sometimes even 
earlier than on the borders of the patella. It is not such a rare 
occurrence, either. Such a formation was present in 28 of niy 
43 cases of chondromalacia, e.g. cases 51/41 (fig. 46) and 1!)0&/41 
(fig. 47). We shall learn in the chapter on osteo-arthitis Ilia1 
this osteophyte on the medial femoral condyle increases :IS t lie 
disease progresses. I cannot account for the formatioil bii t i l 
may of course be due t o  the fact that the medial part of the 
capsule (in chondronialacia patellae) is subjected to nioi*t' 1 rac- 
tion and friction than the lateral. The subject is treatetl i i i  more 
detail in the chapter on osteo-arthritis. 

AiYhi-oscopic studies. 

During my studies on chondronialacia patellae I also trietl 
out the relatively recent method of examination by arthroscopg. 
My aim was twofold. Firstly, I wanted to  attempt to investigate 
the joint mechanism in movement, but in particular I liopetl 
to form a clear idea of the appearance of the articular cartilage 
without opening the joint. The latter possibility has much prac- 
tical value since we have started excising the patella in  cases 
of severe chondromalacia patellae, particularly in cases wliere 
the cartilage is so disintegrated that  therapy in the foriii of 
chondrectomy is out of the question. Since the condition of the 
cartilage is the deciding factor when determining whether choii- 
drectomy or  excision of the patella is to  be performed, niiy in- 
formation obtainable about it before the intervention, is of miicli 
assistance, especially as the operative methods in the two a1- 
ternativea are so essentially different. Hitherto we have hod to  
rely on the clinical examination for our knowledge of the s ta le  
of the cartilage, and I therefore desired to investigate whether 
arthroscopy could provide better information. 

We used the method described by Vaubel. After any exudate 
present had been withdrawn, the joint was filled with 120 ec. 
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of saline solution. As a rule tlie intervention was done under 
lumbar anesthesia, because the arthroscopic examin a t’ ion was 
usually made immediately before an operation. At first an a t -  
tempt was made to  inspect the joint from the lateral aspect, 
but as this piaovetl troublesome we tried introducing the ar- 
tliroscope from the medial aspect. I t  is generally easier to  push 
the patella toward the medial aspect and the i-eierse side of 
the patella could thus be laid free, as i t  were. 

!l’here was no possibilitg of studying the meclianism of the 
joint. No elrar enough idea coulct be gained of the gliding mow- 
iiierits o l  the patella ton arc1 tlie femoral condyles to allow con- 
clusions to be drawn. 

Kine cases of clioiiclrorrialacia patellae were artlioscopically 
exaniined, and of these, five \\-ere operated upon afterwards, so 
that  the arthoscopic findings could be verified. I n  one case tlie 
patella was excised and various chondreetoinies were done ou 
the other four. As i t  proved ciifficdt to take pliotogi*aplis 
through the narrow artlioscope I did not consider tlie results 
were worth tlie difficulties. I n  the inaiii, the picture of choiidro- 
malacia appears in two different ways. The caytilage is  either 
tufted, with fine, floating cartilaginous hairs resembling 
seam eed, or it has a frayed appearance, with coarse, cartila,’ vinous 
flakes. I did not find an3 regularity in the occiirrence of the 
flakw and the tufts, as, for instance, tha t  the former were 
characteristic of the earlier stages and the latter of the more 
advanced ones. What  I had chiefly waiitecl to investigate was 
wheiher any exposed bone could be found on any par t  of the 
patella, since this factor constitutes one of tlic main indications 
for a removal of the patella. It proved quite impossible, howew.. 
to determine whether the process involved the bone, even when 
a good general view of the entire surface of the patellar cartilage 
was obtained. To take an  example, although a couple of our 
cases presented deep fissures penetrating to the bone. these did 
not by any means give tlie impression, on the artliiboscopic pic- 
tures, of being particularly severe lesions. 

Thus, we can obtain a good idea of the extent of the process 
but not of its depth, and this very riiucli reduces the practical 
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value, from the standpoint of chondromalacic changes. The 
arthroscopic method may of course be extremely valuable in 
other diseases, but after such defects as injuries in  the meniscus 
and the cruciate ligaments have been arthrographically revealed, 
its usefulness diminishes a s  far  as the knee joint is concerned. 
In  my opinion, its main value is more scientific than practical. 
For instance, it could be used to  follow changes in the ap- 
pearance of the synovia during treatinelit of a geniial disease 
with synovial involvement. 

OSTEO-ARTHRITIS 

Most workers a re  now in agreement that  chondromalacia is 
often a precursor of osteo-arthritis in the knee joint, and in 
material consisting of cases of both chondromalacia and osteo- 
arthritis it is not difficult to distinguish a gradual ti=ansition 
from inild cases of chonclromalacia to fully developed osteo- 
arthritis. Nevertheless, despite the fact that a differentia tion 
is not easy to make between the two, I decided to  place osteo- 
arthritis in a separate chapter, the clinical picture being used 
as the basis for distinction. The case was placed in the osteo- 
arthritis section as soon as, in addition to crepitation and pres- 
sure pain on the medial aspect of the patella, there was detected 
a manifest general thickening and tenderness of the capsule. 
Sixteen patients presenting such symptoms were examined, a 
total of 29 knees being i*oentgenographecl. 

I n  osteo-arthritis, as in chondromalacia, three different types 
of patella could be distinguished, but my material was not com- 
prehensive enough to justify making a proportional classifica- 
tion between the different types. The distribution tended, how- 
ever, to resemble that  of the normal material, in that  group I1 
predominated. No particular type showed a greater predisposi- 
tion to osteo-arthritis than the others. 

I have already touched upon the question of the reduction 
in cartilage, in the chapter on chondronialacia patellae. One of 
the most striking features in the present connection was the 
excellent picture of the reduced height of the joint space oh- 
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l ~ t e r a l  Medial 

~ _ _ _ _  

b 
Fig.  48. Case 1800/41. a = lateral riew. b 1 axial view. 

tained from an axial view of the femoropatellar joint. A reduc- 
tion in cartilage came out much better on this projection than 
on an ordinary lateral view. Case 1800/41 (fig. 48) is a good 
example. Of course it was obvious on the lateral view that a 
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reduction in cartilage was present, but i ts  real extent was only 
revealed by the axial picture. On the latter, the cartilage oil 
the lateral facet and the lateral femoral condyle was seen to  
be almost totally disintegrated. 

One interesting feature, in a number of cases, was that  the 
patella, when the reduction in cartilage was pkonounced, teuded 

Medial Lateral 

Fig .  49. Case 671/41. Left knee. Subluxation of the gatella laterally in 
a case of osteoarthritis. Osteophytic formation on the medial femoral 

condyle (see arrow). 

to snbluxate laterally, with the consequence that  the distauce 
between the medial facet and the medial femoral condyle in- 
creased (see cases 1800/41, 671/41, and 17592, figs. 48, 49 arid 
50 respectively). I n  order to  gain a better idea of this displace- 
meiit I examined two cases (1800/41 and 671/41, figs. 51 and 52) 
arthrographically, and the picture obtained was in conformity 
in both instances. Thus, it was possible to establish that  the 
contrast medium had accumulated between the medial facet and 
the femoral condyle in a way not found on the routine views 
(see figs. 9, 10 and 11). In some of the above-mentioned cases 
the subluxation was so pronounced that the patella overlapped 
the femoral condyle by as much as 1 em. 

The exceptions to the last-mentioned subluxation all be- 
longed to group I. Even though slight subluxation was observed 
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E’iy. 50. Case 17592. a = right side. h = left side. 

Subluxation of the patella bilaterally in a cuse of osteoiirthritis. 
Osteophytic formation on the medial frilloral ccnidgle (see arrow). 

in  this group, it differed considerably from that  present i n  cases 
belonging to  gi20ups I1 and 111, in which, as alreadj- mentioned, 
it nia3 be pronouiiced. Case 1842/41 (fig. 53) is a typical 
example of group I ;  on the left side (view b) ,  although the 
reduction in cartilage was well-advanced, there was no displace- 
ment. The more closely the type approximated to group 111, 
the more pronounced the displacement seemed to  become. 
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Lateral Medial 

Fig. 51. Case 1800/41. Arthrogram of the right knee obtained by 
axial projection. 

Lateral Medial 

Fig. 51. Case 671/41. Arthrograin of the right knee obtained ty 
axial projection. 

Eefore we can hope to account for this subluxation, we must 
not only have access to more extensive material, but the in- 
yestigations must also be combined with careful clinical ob- 
servations. Possibly, the anatomic appearance of the joint (e.g. 
h o c k  knees, bow legs, muscular development, etc.) may have 
something to do with the dislocations. As regards the possible 
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Medinl 

Medial 
Lateral 

b 
Fig.  53. Case 1842/41. a = right side. 

b = left side, showing a reduction in cartilage. 

r61e played By the musculature, I hare in mind iiioi-e especially 
Bohr'er's theory a s  to the origin of lusation of the patella. If 
the vastus lateralis were to exercise a functional predominance 
over the vastus medialis, the natural pesult would be a subluxa- 
tion when the reduction in the cartilage has reached an  ad- 
vanced stage. 

'I'liis displacement of the patella should, in my opinion, be 
careeully distinguished from a true subluxation, such as was 
described in the chapter on luxations of the patella. The disloca- 
tions now under discussioii niust be regarded a s  secondary, and 
the reduction in cartiIage not a result of a predisposing sub- 
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luxation. Otherwise, among all the patients with chondromala- 
cia, one or two would have been found displaying subluxation 
before a reduction in cartilage had set in. Furthermore, a s  left 
and right knee joints usually resemble one another in develop- 
ment, we should probably have encountered a t  least a few cases 
with subluxation on the healthy side, in the one-sided cases of 
osteo-arthritis. To establish with certainty tha t  it is a ques- 
tion of a secondary subluxation it would be necessary to  follow 
the development from normal conditions to  osteo-arthritis p l w  
subluxation, but in the light of the anamneses, from which no 
information is available regarding subluxating or  luxating ten- 
dencies of the patella, and of the clinical observations in general, 
there is no reason to believe that  the circumstances were dif- 
ferent from those I have stated, namely that the subluxation 
is secondary and not primary. 

I n  conclusion, I refer back to an  observation made in con- 
nection with chondromalacia patellae. The osteophytes so often 
seen in the axial views, ou the medial border of the medial 
femoral condyle, were also found in the osteo-arthritis cases, but 
more pronounced (see cases 671/41 and 17592, figs. 48 and 49). 
The definite impression was that  the osteophytes were in some 
way connected with the traction of the patella laterad, i.e. the 
secondary subluxation. The latter must entail a strain on the 
capsular attachment on the medial aspect. According to the 
text-books on anatomy the capsule is attached, at the lateral 
parts of the patellar surface of the femur, in close proximity 
to  the margin of the articular cartilage, and this increased strain 
on the capsule might cause reactive irritation on the edge of 
t h e  articular surface, thus giving rise to  osteophytes. 

SUMMAXY 

The investigations described in the foregoing communication 
were embarked upon in order to gain a clearer knowledge of the 
appearance of the femoral condyles in luxation of the patella. 
I n  practice, this implied obtaining a free projection of the 
femoropatellar joint. A roentgenologic and anatomic study of 
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noiwial knee joints proved tha t  a lalee with 40 degrees of flexion 
was the most suitable position for the purpose. On the basis of 
i ts  form the patella coulcl be classified into three norrnal types. 
I n  the first, the ridge separating the xnedial and lateral facets 
was situated approximately in the midclle of the patella, so 
that  the facets were about equal in size. In the second, the ridge 
was ;shifted slightly medial, so that  the lateral facet occupied 
a larger proportion of the articnlar surface of the patella, while 
in the third, the medial patellar facet wits very small. Artliro- 
graphic examinations confirmed tha t  this classification of the 
skeletal parts was in conformity with the conditions prevailing 
in the articular surface cartilage. 

In luxation of the patella, the form of both patella and 
femoi-a1 condyles is often much altered and the material in this 
section has been divided into type groups. The first group coin- 
prised cases manifesting the most pronounced changes, namely 
a complete levelling-dowii of both the patellar surfaces of the 
femur, and the patella. I n  the second group there was present 
riial-development of the fernoral condyles with or  without a 
planed patella. I n  the third was placed the cases in which 110 

pathologic changes whatever were observed in the lemoropatel- 
lar  joint. The opinion is advanced that  excision of the patella 
might be the most suitable method to deal with luxations 
presenting a normal joint and manifest chondromalacic changes. 
As regards the etiologic question in  dislocations of the patella, 
the eases tha t  display a disturbance in the development of the 
femoi~il  condyles, and that  are  in the majority, are more likely 
to be of a congenital nature than a re  those possessing normally 
developed joints, even though the constitutional element cannot 
be excluded in  the latter either. I n  the former, a trauma is 
hardly necessary to couse luxation, while in  the latter a violent 
trauma is apparently required. 

The investigations were not confined to luxation of the patel- 
l a  but also included the coniplications of chondromalacia patel- 
lae and osteo-arthritis. 

After briefly reviewing earlier theories on the origin of 
chontlromalacia, the author has attempted to clear up the etio- 
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logic aspect of chondromalacia patellae by examining the con- 
tact between the articular surfaces in the femoropatellar joint. 
The investigations were therefore widened to include a roent- 
genologic study of autopsy specimens. The articular surfaces 
were visualized ou the roentgen picture by painting them with 
a thin layer of red lead, which acted as a contrasting agent. 
By roentgenographing these specimens in different positions of 
flexion an idea was formed of how the contact between the 
articular surfaces of the patella and the femoral condyles ap- 
peared during niovemeiits of the joint. It was observed that in 
the lower angles of flexioii the contact between both the patellar 
facets and the femoral condyles was excellent, while in propor- 
tion as the angle increased and the patella approached the inter- 
condyloid fossa, the contact with this middle part of the patella 
became disconnected and the load was taken over exclusively 
by the facets, the lateral facet continuing in good congruence 
with the lateral femoral condyle while the medial facet, ft-ona 
an angle of about 90 d e p e c s  and upward ,  opposed a convex 
a9-ticubar surface t o  the  conz;eg feinoral condyle. On these red 
lead preparations it was also possible to study the contact 
mechanism directly, since the red lead was scraped off during 
the movements of the joint. I t  could be seen that when the knee 
was flexed at angles ranging from 20 to 50 degrees a small part 
of the medial facet, and the n-hole of the lateral facet were in 
contact but that the ridge took the greatest stress. At the higher 
angles of flexion the pressure on the ridge diminished gradually, 
disappearing entirely at about 90 degrees when the patella ap- 
proached the intercondyloid fossa. 

The chief interest was concentrated on an autopsy series 
consisting of twenty-five kuee joints, which were frozen in dif- 
ferent positions of flexion and then cut into sections 0.5 em. 
to 1 em. thick, the cut being made a t  right angles to the articular 
surfaces between the patella and the femoral condyles. I n  addi- 
tion to the position of extension, the following angles of flexion 
were included, viz.: 30, 45, 90, 115, 125, 140 degrees. It was thus 
possible to stndy how the contact functions between the patella 
and the femoral condyles. Two significant observations were 
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tion with the tendency to subluxation, since the latter must iu- 
volve a strain in the joint capsule in lateral clirectioii. As the 
capsule on the medial aspect is attachecl right at the border of 
the articular surface of the cartilage the resultaiit irritation 
may very probably give rise to au osteophyte at this spot. 

ZUSARIAIENFASSUNG 

Die in der vorsteheuden Mitteiluiig beschriebenen Untersu- 
chungen wurdeii uiiternomrnen, UIU ein klareres Bild voui Aas- 
selieii tler C‘ondyleii des Femur bei Luxationen der Patella zu 
bekoinrueii. I n  dei* Praxis erforclert dies das Vorliegen eiuer 
freieii Projektiou des Femoropatellargelenks. Ein rontgenologi- 
sches uiid aiiatoniisclies Studiuui noriualer Kiiiegeleiike zeigte, 
class eiiie fi’lexioii des liiiies von 40” die bestgeeignete Position 
fur  cliesen Zweck war. huf Grund ihrer Form liess sicli die 
I’atella in clrei normale Typeii einteilen. Cei dem ersten lag die 
Firste, welche die ruediale uiitl laterale Geleukflache voneinander 
treiiiit, nnn$iheriid in der Mitte der Patella, so dass die FlHclim 
ungefiilir gleiclie Griisse hatteii. Uei dem zweiteu war die Ll’irste 
ein wenig medial verscliobeii, so class die laterale Fliiclie einen 1 

grcissereii ‘Peil cler Geleiilifliiclie cleia Patella einiiahin, wiilixncl 
bei cleiii dritteii die iiiediale Patel larf l~che sehr Blein wa 1 4 .  Ar- 
thrographische Untersuchuiigeii bestiitigten, class diese 15iutei- 
lung der 1;iiiichernen Teile iiiit den ini Gelenkfliiclieiil~~ior~~el 
herrschendeii Verhaltnissen iibereinstinimte. 

Bei einer Lusatioii dw Patella ixt die Forin sowolil cler Pa- 
tella wie d t~ r  Condylen cks Feniur oft stark veriiiidert, iult l  d i ~ s  
Xaterial dieses Abselinitts m-urde in Typeiigruppen eiugrteilt. 
Uie erste Gruppe nirifasst (lie Falle init den ausgeprlig teslen 
\‘ei*andernngen, namlich eiiw komplette Abplattung der Facies 
p te l la r i s  des Femur und cler Patella. Uei der zwei ten Cirul)pe 
war eine Nis<bildung cler (’ondylen tles Femur rriit otler oliiie 
Ahplattniig der Patella vorliaiitlen. In  der dritten Gruppe \wi*eii 
die E’iille nntrrgebracht, bei denen iiii Femoropatellal.geleii1~ 
keinerlei pathologivehe \\‘eraiidernngen zii beobachtea waren. Es 
ist die Ailsiclit geiinssert wordeii, class eiiie Exzisioii tier P a  tellir 



die Lestgeeignete Alethode zur Behandlung von Luxalioneii sei. 
die beim normalen Gelenlt inanifeste chondroualazisclie \‘erande- 
ruiigen zeigen. Was die Aetiologie der I’atella~lnxatioiieii bv- 
triffl,  so sind die Faille, die eiiie ~ntwicklungsstGrung der Cou- 
dylen des Femur zeigen, nncl die in der 3Cehrzahl sind, \valir- 
scheinlich elier kongenitaler Natiir als die init normal entwickel- 
ten Gelenken, wenn auch das koiistitutioiielle Elenleiit bei letz- 
teren ebenfalls niclit auszuschliessen ist. 111 der ersten G ruplw 
bedarf es zur \‘erursachung einer Luxation l ~ i u n i  eines Tran- 
mas, wahrend in der zweiten Gruppe offensiclitlieh eiii lieftiges 
Traunia erforderlieh ist. 

Die Unteiwwhungen \vai*en iiiclit auf Lusatioiien (lev Pa- 
tella beschrankt, sonderu. unifassten auch die Koniplik a t‘ 1011e’11 
der Chondronialacia patellae und Arthritis defoimians. 

Nach einem kumen Uberblick iiber Bltere Theorirn voiii UP- 
sprutig der Chondronialazie hat Verf. versucht, die iitiologisclie 
Seitr der Chondronialacia patellae zn lclaren, intleiii er eiiie 

patellargelenks vornahm. Die Uiitersuchtingen wurdeii tlaliei. 
aucli auf ein rontgenologisclies Studium roii Sektionsobjel~ten 
ausgedehnt. Die Gelenlcflachen wurden anf deni Eiintgeiibilcle 
dadu rch sichtbar geinacht, dass man sie riiit eiiiei. dunneii 
Schicht Meiinige bemalte, die als Kontrastagens n-irkte. Durcli 
Riintgenaiifnahmen dieser Objekte in rerschiedentw Flesioris- 
stellungen lionnte irian sich eiii Bild davon machrri, wit. tier 
IConl akt zwischen den Gelenkflachen der Patella iind den Con- 
dyleii des Femur bei Eewegungen cles Geleiiks aiif der Platte 
ersclteint. Es wixrde beobachtet, dass der Kontalit zwischen der 
Facies patellaris und den Vondylen des Feniur bei den geringe- 
ren ITlexionswinkeln ausgezeichnet war, n-ahrend mit zunehmen- 
dem Winkel und wachsender Annaheiwng der Patella an die 
Fossa intei~condyloidea der IContakt an dieser mittleren Partie 
dw Patella aufhiirte und die Last aiisschliesslicli auf den media- 
len und lateralen Gelenkflachen rnhte ; die laterale Fl&iche passte 
immer noch gut z i ~ i i i  lateralen Coiidyliis des Femur, w8li r m d  dit 
rnediale Flaiche, U O H  c inew W i n k e l  con 90° ( i t b  rrrrfioarts, d a m  
koncexen C o ~ i r l ~ ~ l i i s  cles Prrii 111’ c i i z t  Lei/ r Gcle~ilifl8r.lic c?t f c p  

Untersuchung des Kontraktes der Gelenltflachen cles L’ ‘ ellloL’0- 
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genstellte. An diesen Mennigepraparaten konnte man aucli den 
IContaktmechanismns direkt studieren, weil die Rlennige durch 
die Bewegungen des Gelenks abgeschabt wurde. Man konnte 
sehen, class bei Flexionen des Knies in Wiiikeln von 20 bis 50’ 
eine kleine Partie der medialen Flache und die ganze laterale 
Fliiche in Kontakt waren, dass aber die Firste dem grossten 
Druck ausgesetzt war. Bei den grosseren Flexionswinkeln ver- 
niinderte sich der Druck auf die Firste gradweise, und er wurde 
ganzlich aufgehoben bei etwa 9O0, wenn die Patella sich der 
Fossa intercoiidyloidea naherte. 

Das Hauptinteresse wandte sich einer Serie voii Sektions- 
praparateii zu, die aus 25 Ihiegelenken bestand, welche in ver- 
schiedenen Flexionsstellungen gefroren und dann in Schnitte 
von 0,5 - 1 cm Dicke zerlegt waren, wobei die Schnitte in1 
1-echten Winkel zu den Gelenkflaclien zwischen der Patella und 
den Condylen des Femur gefiihrt worden waren. Ansser cler 
Extensionsstellung wurden folgende Flexionswinkel untersucht : 
30, 45, 90, 115, 125 und 140’. Auf diese Weise war es moglich, 
die IContaktfunktionen zwischen der Patella und den Condylen 
des Femur zu stuclieren. Es wurden zwei wichtige Beobachtixn- 
gen gemacht. Bei 90° oder bei starkerer Flexion se tx t  die 
ntecliale Patcllarflachc der  konaexen Belenkflache des  Femur- 
condylus eine konvexe Fluche entgegen, und niit cunehmender 
Flexion des  Knies uerschiebt sich die in Kon tak t  befhuiliche 
Partie der medialen Fliiche immer zoeiter nach den% Rande der 
Patelle xu. a n  einigen der Objekte in stdrkerer Flexion korbnte 
elne beyinnende Chondi.onaaluxie beobwchtet zcerden, die yetiuu 
a m  Kontaktpunkte  swischeii der nzedialen li’lache find den C o w  
d?jten &s Femur lokalikievt z ~ w .  Dies nauss als e in  l3ezue+k (la- 
fur unyesehen zuerclen, duss dcr- ti~igewohnliclie Druck, dem der  
Rnorpel ausgesetst i s t ,  w e n n  cler Kontak t  ~ $ 2  eilzer so schmalen 
Kiaot-pclflache stat t f indet ,  lcicht s u  einer Chontlromalaxie fuh- 
rcn lcnian. J3esoncle1-s mi erwiilineii ist hier die Fimte, die oft 
die unebene inediale Flache voii der iibrigeii Gelenlcflaclie der 
Patella abteilt, uucl die zweifellos eine Stelle der geriiigsten 
Wiclel.standsfahjgkeit darstellt. An eiiiem Sektionsobjekt, hei 
dern der Kontalct zwischen den Gelenkflachen wiihiwicl dei. Be- 
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wegung des GeleiiBs untersucht \veiden konnte, n-urde eine be- 
ginneude Chondromalazie geracle an dieser Fiidste beobachtet. 

Falle, die kliiiisch als Choiidrornalacia patellae diagnostizirrl 
worden waren, wnrden aueh rontgenologisch untersucht. Zeiclien 
eiiiei. Reduktion des ICnorpels wurdeii iiur in Piillen init aus- 
gesprocheiien Veranderungen gefunden. Aussercleni wurdeii am 
Eande der Gelenkflache des niedialeii Femnrconclylus Irleine 
Oslcopftyten gefunden. 

I)ie Stiidien iiber Chonclroirialazie wnrden noch clurcli ar-  
throskopische Untei*xucliungen ergaiizt. Es war niit diesen Jlit- 
telii wohl moglich, sich ein 13ild von der Aixsdehiiulig des 1’1~)- 
zesses zu maehen, nicht aber yon seiner Tiefe. 

I)a die Chondromalazie bisweilen als Vorlaufer eiiirr Ar- 
thri tis deformana beobachtet wird, wurde auch Material 1-011 

solclhen Fallen untersucht. Das hierbei festgestellte Haupt- 
merkmal war die Subluxation in  Form einer lateraleii T’er- 
schiebuiig, die an der Patella auftrat, weiin die Destiwktioii 
des Knorpels im Ferrioropatellargel~~iik eiii Yorgeschrittenes 
Stadium erreicht hatte. Die Subluxation iiiuss als sekundair 
angesehen werden, im Gegensatz zu den pi*iiiiaireu Subluxatio- 
neii, die in der Gruppe iiiit Lusatioiieii der Patella vorkoni- 
men. Scliliesslich wurde festgestellt, (lass die ossosen Abla- 
ger111igen, die am rnedialeii Condylus des Femur gerade bei Clion- 
tiroinalazie beobachtet werden, bei den Patienten, die an Ar- 
thritis deformans litten, beclentend an Grosse zugenoiiimeii hat- 
ten:  mail konrite sich denkeii, class dies iiiit cler Teiideiiz zur 
Subluxation iin Zusaniinenliaiig steht, da dieses eirie Zieliuiig 
der Geleiikkapsel in lateraler Richtung beclingen muss. Da die 
Kapsel aii der niedialen Seite ganz am Rande der Gelenkfliiclie 
des I<norpels befestigt ia t ,  wird die daraus folgende Irritation 
hoclistwahrscheinlich Alili1sS zui- Entstelinng eines Osteophyteii 
ail tlieser Stelle gehen. 

RfiSUMfi 

Lex recherches dCcrites daiis I’esposC qiii prCcPde out 6t6 
ent13eprises en vile cl’obtenir uiie coiiiiaissance plus approfoiidie 
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de l’aspect cles condyles f6nioraux dans la lusation cle la  rotule. 
E n  pratique, ceci implique l’obtention d’nne projection libre 
de l’articulation fCmoro-patellaire. Une etude radiographique et  
anatoniique d’articuhtions clu genou normales a prouve que le 
geiiou B une flexion de 40 degri5n constitue la position la plus 
approprike pour arriver A ce but. Sur  la  base de sa forme, la 
patelle peut &re elassifike en trois types normaux. Dans le 
premier, l a  saillie sCparant les facettes mecliale et laterale est 
sitlike B peu pr6s vers le milieu de la patelle, les facettes &ant  
iiinsi de cliniensions pre’xqiie Cgalex. Dans le second, la saillie 
ext situ6e plus meclialement de sorte que la facette IatCrale 
occupe uiie partie proportionnelle plus &endue de l a  surface ar- 
tienlaire, taiiclis que clans le troisi6me groupe, la faeette patel- 
laire mediale est tr6s petite. Des examens arthrographiques 
confirnient que cette classification squelettique est conforme 
NUS conclitioiis se faisaut valoir par rapport au cartilage de la 
surface articnlaire. 

Dam la luxation cle la patelle, on constate souveiit qiie la 
forme de la  patelle e t  des condyles f6nioraus est tr6s altCr6e 
et  le materiel d’observation de cet ordre a CtB  reparti en groupes 
cl’apr6s les types de patelle. Le premier groupe comprend les 
cas uranifestant les alterations les plus prononcees. A savoir 
ixii nivellement complet ii la fois des surfaces patellaires du 
f6niur et de la rotule. Dans le xeconcl groupe oiit 6t6 plac6es les 
inalforinations cles condyles fCmoraux avec ou sans nivellement 
cle la  patelle. Le troisi6nie groupe comporte les cas chez lesquels 
aucune modification pathologique n‘a Ct6 observke dans l’articu- 
lation f6moro-patellaire. On a all6gu6 que l’excision de la pa- 
telle constitne la  ni6thode la plus appropribe B appliquer dans 
les cas cle luxation presentant une articulation normale e t  des 
modifications chonclromalaciques Bvideutes. En ce qui concerne 
la question Ctiologique des dislocations de la patelle, les cas 
qixi montrent un trouble dans le developpement des condyles 
femoraux, e t  ceux-ci sont en ma jorite, sont plus vraisemblable- 
ment de nature congenitale que ceux qui posddent des articula- 
tions normalement dbveloppbes, bien que 1’616ment constitution- 
nel lie saurait &re exclu hgalenient clans ces derniers cas. Dans 
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le preniicv giaoupe, un traumatisme est B peine necessaire pour 
causer la  lnxation, tanclis que clans le dernier uii traumatisine 
violenit est apparenient requis. 

Les recherches ne se sont pas borii6es B la luxation de la 
patelle. mais oiit port6 6galement sur l r s  complications de la 
i’atelle chontli~ornalacique e t  l’artlirite cl6forruante. 

AprPs avoir briPvernent pass6 en i w u e  les aiicieunes th6oories 
sur IPS origiiies de la patelie chondromalacique, l’auteur a essay6 
d’6cl:iircir les aspects ktiologiques cle la patelle chonclromala- 
cique en eganiiiiant la coiitiguit6 cles surfaces articulaires de 
la  jointure f~inoro-pNtellaii~e. P e s t  poixrquoi lea investigations 
ont cite 6teiiclues R coiriprendre une 6tucle racliographique de 
spCcirneiis il’antopsie. Les surfaces articulaires ont 6t6 nion- 
tr6es sur  la  radiographie en les colorant avec une mince 
conclie de iiiinium, agissaiit coniiiie contrastaiit. En railiogra- 
phiaiit ces sp6cinieiis clans cliff6rentes positions de flexion, on 
s’est foiwii: une icl6e de la  contiguit6 des surfaces articulaires 
de la patelle et  des condyles f61noraiis telle qu’elle apparaPt au 
coui*~ des mourerrients de l’articulation. On B constati  que dans 
les angles bas tle flexion, le contact entre les deux facettes pa- 
tellaires et les condyles f6morans h i t  excellent, tanilis qii’au 
fiir e t  A niesnrr de l’augnientatioii de l’angle de flexion et  dn 
1.appi+ocliement cle la patelle et clii sillon iatercond~lo~clien,  il 
11‘s a plus contiguPt6 avec la partie centmle tle la patelle, e t  
la charge est  supportke esclnsirenient par les facettes, la fa- 
cette latkrale continuant en boiine congruence avec le condyle 
f6nioml lateral t m d i s  qiie la facette n ~ 6 d i a l e ,  u parfir  d ’ m  
tiirgle cle 90 clegre’s et plirs, oppose tine surface nrf i cdn i re  con- 
cese (iu condyle f h o r a l  eo)ivrxe. Sur  ces pr6parations de 
minium il a 6t6 possible aussi tl’6tudier clirectement le m d -  
canisnne cle contact, &ant clonn6 que le minium disparait au frot- 
teiiieiit cause par les iiioureiiients imprini6s R l’articulation. On 
1)eut voir, lorsqiie 1e genoii est pli6 R des angles allant de 20 5 
.YO degres, q11’1111e petite partie de l a  fxcette ni6cliale e t  qne la 
facette Iatkrale toute en t ibe  sont en contact, mais que c’est la 
saillit. qui siipporte la plus grantle tension. A des angles plus 
61er6s de flexion, la prcssion stir l a  saillie diminne graduelle- 
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ment, disparaissant entiBrement A environ 90 clegr6s lorsque la  
patelle approche du sillon intei~coiidylo’idieii. 

Le principal inter& s’est concentr6 sur line sQie d’autopsies 
consistant en vingt-cinq articulations de genou, qui avaient 6t6 
gel6es dans differentes positions de flexion, tranch6es ensuite 
en coupes de 0,5 em. A 1 cm. d’kpaisseur, l a  section &ant pra- 
tiqu6e ft angle droit avec les surfaces articulaires eiitre la pa- 
telle e t  les condyles f6moraux. A c6tB de la position d’extension, 
les angles suivants de flexion ont 6t6 compris dans les examens : 
30, 45, 90, 115, 125, 140 degr6s. I1 a 6t6 possible en cons6quence 
d’6tudier comment se comporte I’emboiteinent de la  patelle e t  
des condyles f6moraux. Deux observations importantes out 6t6 
faites. A 90 degre’s, soit d u n e  flexion. plutdt  prononcde, la facette 
patellai?.e nte’diale oppose une  surface convexe d. In surface arti-  
cu1ait-e convexe d u  condyle fe‘wboral, et  propo1.tionnellei?aerzt iC 
la flexion d u  genou, la surface de contact cle la facette ?nddiale 
se m e u t  de plus en  plus  uers le bord de  la patelle. Dnns qicelgues- 
u n s  des spdcimens en flexion actiue, o n  pu t  observer d e s  chon- 
drornulacies dkbutantes, localisdes prdcisdnaent au point de coil-  

tact  entre la facette mddiale et  les condyles fdnboruux. CecG doit 
&re consid&& CO~YW%B la prezrw que la charye s ~ ~ p p 1 ~ ~ ~ t e n t ~ i ’ i . c  
dont les cartilayes sont l’objct lorsque le contact n lieu szcr une 
surface cartilagineuse s i  rdduite est susceptible de comduire a 
la cholzdronzalacie. Une mention sp6ciale doit &re faite de la 
saillie qui s6pare souvent la facette m6diale de ce qui reste cle 
la surface articulaire de la patelle e t  qui constitue sans aucun 
doute un endroit de moindre rbsistance. Sur un dex specimens 
d’autopsie chez lequel on a pu examiner la contiguIt6 entre les 
surfaces articulaires durant les mouvements de l’articnlation, 
une cliondromalacie iiaissaiite a Ct6 constathe juste sur la sail- 
lie. 

Un examen radiographique a 6th fait 6galenient dans les 
cas de chondromalacie patellaire cliniquement diagnostiqubs. 
Des signes de r6duction du cartilage n’ont 6t6 decouverts que 
dans les- cas oh  se manifestaient des alt6rations prononc6es. De 
plus, on a trouv6 de petits ost6ophytes sur le bord de la  surface 
articulaire du condyle fCmoixl medial. 

. 
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1,es 6tucles cle la clioudroiiialacie ont C t C  coiiiplCt6es par des 
exanleiis arthroscopiqiies. I1 a 6tC possible, par ce moyen, de se 
forriiw uiie ic16e tle 1’6tenclue (hi processiis, niais non de sa pro- 
fonde11r. 

E tant tlonii6 qiie la clioiidronialacie doit parfois &re con- 
sid6r6e coiiinie 1111 signe pr6cixrseur de l’arthrite dkforinan te, il a 
6t6 fait 6galenient line 6tntle d’un i l ia  tbriel d’observatioii conipre- 
nant des cas de cette tlerniPre inalatlie. I,e trait priiicipal relev6 
a Pt6 la siibliixation sous foriiie de clCplacernents lat6raiis qiie 
inonti.e la patellr lorsqur l a  destruction du cartilage de l’articu- 
lation f6nioyo-patellaire a atteint iin degrit avaneC (‘eei doit 
etre legart16 cornme iui Ctat secondaire, par opposition a u s  sub- 
Insations priiiiaires apparaissaiit clans le groixpe coiiiprrnant 
les lusatioiis de la patelle. Filialenleiit, i l  a 6t6 Ctahli que les 
t16p6ts osseiis obserr6s sur le condxle niCdial f6niora1, prkisb- 
ineiit danx les cliondronialaci~s, orit augment6 appr6ciablenient 
tle gi~ancleur cliez les inalacles souffraiit d’ostCo-arthrite et on 
;I supposk qiie ceci arai t  line cei-taine relatioil avec la teiidance 
;i la siibhixation, &ant don116 qiie celle-ci inipliqiie uiie tension 
latCrale dr In capsiilr cle l’articulation. Siir sii face niediale, la 
vapsiile 6t:int attachke juste siir le hord tle la yiirface articiilaire 
(hi cartilage. l’irritatioii en, rCsnltant doit probablenient tloiiiier 
iraiss:incAe >I iin ostebophyte en cet endroit. 
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