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tendon reflex is only a part of the codrdination. A con-
nection between the lumbar reflex arc concerned in the
knee-jerk and the cerebellum by means of codrdination
pathways may be assumed, but there is no reason for pos-
tulating a direct pathway to the cerebellum, nor do the
pathological observations demonstrate such.

Joseph W. Warren.
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KNEE-JOINT.—Whether considered from the anatom-
ical or the surgical point of view, this is the most impor-
tant joint in the bddy. It is at the same time the most
complicated and the most difficult to understand. Its
surfaces are necessarily large to support the weight of
the body, and as there is not that close adaptation which is
shown at the elbow and hip, its great strength depends
upon the surrounding ligaments, fascia, and muscl
which are so effective that dislocationis rare. Its vastex-
tent of synovial membrane predisposes it to inflammation,
and its exposed situation renders it liable to injury. Its
structure is more readily understood when it is regarded
as an assemblage of three joints originally distinct, viz.,
a patello-femoral and two femoro-tibial. That thisisa
correct assumption is rendered probable by slight fur-
rows upon the articular surface of the femur (not clearly
shown in Fig. 3082) which separate a patellar surface
from the two condyles, and the arrangement of the liga-
ments also ampl\' confirms it: there being besides the
capsular, investing the whole joint, certain internal 1
ments which are vestiges of the original separate condi
tion. From the middle of the joint, between the two
<=rulh les, pass downward and outward two folds of syno-

membrane laid upon a thin connective tissue. These
are the ligamenta alaria, and they indicate the line of
Again, there are certain

Vor. V.—

bands accessory to the capsule. Externally these are
known as the lateral ligaments (Figs. 3082 and 3083), in-
ternally as the crucial ligaments (Figs. 3082 and 3083).
The former pass from the tuberosities of the femur to
the shaft of the tibia and the head of the fibula on either
side; the latter are short bands arising from the femur,

2 3

FiG. 3082.—Upper Articular Surface of the Knee-joint. (Sappey.)
1, The patellar groove: 2, outer edge: 3, inner ed less elevated
than the other; 4, outer c*oncl\ : 5. external lateral ]m;amem cut;
6, section of the popliteus muscle obliquely directed downward and
inw: .lrd and covered by the external lateral ligament; 7, inner con-
dyle; 8, internal lateral licament, cut; 9, inte -ondylm‘ notch; 10,
section of the anterior cruecial ll"‘amr'ﬂt inserted upon the posterior
part of the inner face of the external condyle ; 11, section of the
posterior erucial ligament inserted upon the anterior part of the
outer surface of the internal condyle.

on either side of the condylar notch, to insertionsin front
and behind the \piue of the tibia. These acc

limit and control the motion of the joint, as do similar
structures elsewhere. On complete extension, the whole
system is locked by the tension of the lateral and the an-
terior crucial ligaments, so that no muscular force is re-
quired to hold the knee firm in the erect position, the
weight of the body falling in front of the joint and fixing
it. When the joint is thus fixed and muscular acllon
suspended, a slight blow from behind will throw the
whole apparatus out of equilibrium, and occasion a sud-
den flexion of the limb.

This tripartite division of the joint corresponds to its
condition in many lower animals, in which the three syn-
ovial cavities are either totally distinct, or communicate
by small opening

The irregular form of the joint surfaces is due mainly
to the action of the muscles. While at the elbow the

—Lower Articular Surface of the Knee-joint. (Sappey.)
nternal semilunar fibro-cartilage; 4, its attachment to the

ession behind the spine of the , its anterior attachment 3

6, that part of the internal glenoid not covered by ﬂbrn-{ar-

tilage; 7, external semilunar fibr

10, part of the external gienoid ¢ 3

11, transvers ament; 12, licamentum pat

patellaris; 14, tibial inserti of the anterior crucial ligament ;

of the posterior crucial ligament ; 16, band of fibres which unites the

external semilunar fibro-cartilage to the posterior crucial llganu,u[ -

17, tendon of the biceps, cut; 18, external lateral ligament, cut; 19,

groove for the tendon of the ;)upmcl. ), bursa '[)0'[;]1[.,—"1 ; 21, orifice

occasionally found by which the cavity of the upper tibio-fibular

articulation communicates with that of the knee-joint.

flexors, but two in number, come down and are 111581&9(1
near the plane of movement, at the knee there is a series
of flexors stretching over the joint from above, and in-
serted partly on the outside and. .partly on the inside of
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the leg; so that, when acting separately, they tend to

twist the tibia upon its longitudinal axis. It will be ob-

served also that while a smcrle muscle, the biceps, is in-

serted on the outer side, there are four muscles (sartorius,

gracilis, semitendinosus, and semimembranosus) llga.
3084 and 3085), in-
serted upon the
inner side, the in-
sertion running
from the tuberos-
ity of the tibia
some distance
down the shaft.
The consequence
of this would nat-
urally be to give
more range of
motion to the in-
ner condyle, and
an examination of
the joint surfaces
shows that they
are correspond-
ingly shaped to
that end.

The inner con-
dyle (Fig. 3082) is
bent not only
from before back-
ward, but also
from side to side
like the half of a

shoe, and

chly corre-
sponds to a cone
whose apex is at
the insertion of
the posterior cru-
cial ligament. The

outer condyle is

(Sappey.) 1, L1 nngmllllm pateil& bent only in one

expansion over the patella; 3, its it s e s

= 4, tendon of the (ElefiI'lt eps direction, but its

femoris; 5, external lateral liga- surface corre-

s insertion upon the head of the sponds in a sim-

tendon of the popliteus; 8, in- -~ = ° el

ternal lateral ligament: 9, tendon of the ad- ilar way to a cone

ductor magnus; 10, fascial expansion of the whose apex 18

internal hamstring tendons (patte d’oie); somewhere within

11, tendon of the sartorius ; 12, tendon of the > i o

gracilis ; 13, tendon of the semitendinosus; the anterior cru-

14, internal semilunar fibro-cartilage; 15, cial ligament.

the upper synovial cavity of the joint: 16, There is thus seen
lower synovial cavity, separated from the 1 5 =i

preceding by the fibro-cartilage. to be a provision

for a double mo-

tion of the inner condyle, a back-and-forth hinge action,
and a rotation around the outer, while only the hinge
motion hasshaped the outer condyle. The peculiaraction
of these surfaces does not admit of their being fitted into
a socket, regular and invariable in form. There are ac-
cordingly developed around the edge of the correspond-
ing portions of the tibial surface two fibro-cartilages,
~alled the external and internal semilunar (Fig. 3083).
These are loosely attached, running at either end into
fibrous tissue which is inserted in front and behind the
tibial spine, and along their circumference being com-
paratively loose, mer united with the capsule. Syno-
vial membrane covers both their upper and their lower
surfaces, so that they are freely movable. They corre-
spond in a general way to the impression made by the
heads of the condyles, but their elasticity is such that,
whenever the condyles move and twist, they follow their
movements.

FThe general capsule of the joint (Figs. 3084 and 3085)
is very extensive, reaching above and below beyond the
articular surfaces of the femur and tibia, and blending
with the tendons of the surrounding musecles and their
fascial insertions. It is thinnest just above the patella
on either side of the tendon of the quadriceps, and here
it is that effusion is most likely to show. The extent of
the joint cavity upward is here so great that the serious
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mistake has been made of npvmnf_f a fluctuating tumor
here, thereby entering the cavity and endangering the
limb. The tendon of the quadriceps pa down in
front to the patella (properly considered as a sesamoid
bone, developed in its substance), and is continued on,
beyond that bone, to the tuberosity of the tibia as the
ligamentum patellze (see Fig. 3( 34). The whole system
answers the purpose nt an anterior ligament to the joint.
Of the lateral ligaments (Figs. 3086 and 3087), the ex-
ternal is the shorter, and of the shape of a rounded cord,
which may be felt on the outer side of the leg just above
the head of the fibula; the inner is longer and flatter,
giving more latitude of motion. The ]mmrs of their
origin from the femoral condyles are in the axis of the
cones described by the surfaces. They are not, like the
lateral ligaments of the elbow -joint, tense in every posi-
tion, but allow the twisting motion of the tibia above
mentioned. A second or short external lateral ligament
is also described, passing from the condyle of the femur
in connection with the head of the gastrocnemius, and
inserted into the
styloid process of
the fibula. It is
not constant. DBe-
hind, the capsule is
broad and sheet-like
(Fig. 30 receiv-
ing fascial expan-
sions from the
tendons of the semi-
membranosus and
popliteus. The
band from the
semimembranosus
is sometimes de-
scribed as the pop-
liteal ligament, and
the whole sheet as
the posterior liga-
ment of Winslow.
It is everywhere of
sufficient thickness
to resist the irrup-
tion of abscesses
from the popliteal
space into the joint,
but pus has been
known to burrow
from the synovial
cavity outward be-
low the popliteal
ligament. This
posterior sheet of-
fers the principal
obstacle in con- Fie. 3085.Posterior i-‘-urface of the Knee-
tracted knee, when joint. (Sappey.) 1,1, Infernal lateral
befabeil. with Jumieits 5 et & fhe semti
ankylosis. tion ; middle portion attached to the
pr Uha];lv posterior part of the internal tuberosity of
owing to the fact the tibia. From this middle portion two

E: & expansions extend ; one re u.' es the low er

that it contains but  pars of the internal't
little elastic tissue, mn?mmus wit
. - e popliteus: 5, poste
and an ‘1.11(,1("350“ ('f don of the sémimembrancsus. It forms a
the white fibrous posterior ligament directed up“md aurl
elements produces, outward, to be inserted upon the exte

& e hera - , condyle ; 6,7, fibres of this tendon ¢ C
as (‘1.‘5% where in [%]L \'Prti(‘dli}' upward ; 8, tendon of the ad-
bo d) , 4 certaln ductor magnus: 9, tendon of the internal
amount of contrac- head of the gastrocnemiu 10, orifice
tion often found in mo fibrous capsule over the

- e s internal condyle; 11, external lateral I

The sy novia 1 ment; 12, tendon of the poplite us 3
membrane is very tendon of the biceps; 14, tendon o©

- S s external head of the gastrocnemiu y
) NS aSS o - - TR
("\l‘("")]\ €, P_df"‘.lflé the posterior superior tibio-fibular liza-
beyond the articu-  ment.
lar surfaces above,
and traceable therefrom downward on either side to the
semilunar cartilages forming the ligamenta alaria before
mentioned. There is here, interposed between the mem-
brane and theligamentum patelle, a large pad of fat, from
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which there passes backward to the intercondylar notch
a process of connective tissue, the ligamentum mucosum
(Fig. 3088). After covering the upper side of the semilu-
nar cartilages the synovial membrane passes to their under
surfaces, and from thence on to the upper surface of the
tibia. There are several openings by which the synovial
sac communicates with the neighboring bursse. The prin-
cipal one isabove, where is a large orifice, nearly constant,
opening into the bursa subcruralis (Figs. 8086 and 3087).
Another, always found, communicates with the bursa
under the tendon of the popliteus (Fig. 3083), and from
this there is an occasional diverticulum connecting with
the superior tibio-fibular articulation. A third commu-
nication is with the large bursa under the internal head
of the gastrocnemius. Many other bursee are found near
the joint (see article on Burse, vol. I1.), and some of
them may occasionally connect, so that extreme care is
always required in operations in this region, lest the
opening of one of these sacs should involve the joint
cavity.

The movements of the patella are not only gliding,
but slightly rolling or coaptative. The bone is adapted
to the shape of the hollow between the condyles by a
ridge which divides it into two unequal, lateral portions.
Each of these is again divided into facets, so that, taken
from above downward, the contact of the bone with the
femur is but slight, especially during flexion. It is this
circumstance that causes the frequent fracture of the
patella by muscular action. It formsa wedge-like body,

Egyi
FiG. 3086.—View of the Knee-joint from the Inner Side. (Sappey

1, 1, Internal lateral ligament ; 2, its insertion upon the tuberosity of
the internal condy 3, its insertion upon the internal semilunar
fibro-cartilage ; 4, its insertion upon the upper end of the internal
surface of the tibia bursa tibialis interna; 6, tendon of the
torius; 7, tendon of the gra 8, tendon of the semitending

9, ligamentum patell ; 10, bursa subpatellaris; 11, adipose t
near its upper part: 12, superior synovial cs : 13, tendon of me
quadriceps extensor; 14, bursa suberural . tendon of the ad-
ductor longus; 16, 17, tendon of the semimembranosus: 18, its
middle portion; 19, tendon of the internal head of the gastrocne-
mius; 20, the popliteus.

in contact with the articular surface only by a narrow
edge, and the tendinous attachments are so arranged as
to pull at right angles to each other directly over this

edge. Any sudden jerk in this position has the same
effect upon the bone asa sudden shock upon a stick over

FIG. 3087.—View of the Knee-joint from the Outer Side. (Sappey.)
1, External lateral ligament its attachment to the external con-
dyle; 3,its attachment to the external part of the head of the fibula
4, tendon of the popliteus ; 5, tendon Uf the biceps; 6, its attachment
to the styloid pro of the fibula; 7, the anterior or reflected part
of this tendon, passing under the external lateral ligament. to be
inserted upon the internal tuberosity of the tibia dDO\P the anterior
ligament of the superior tibio-fibular articulation ; tendon of the
external head of the gastrocnemius: 9, anterior Ilge11nenr~. of the
superior tibio-fibular articulation; 10, ligamentum patelle; 11,
bursa subpatellaris; 12, collection of fat which fills the anterior part.
of the ln{eunnd‘lar notch. On each side it passes beyond the liga-
mentum patellze; 13, external semilunar fibro-cartilage; 14, the
superior synovial cavity, opened to show how it terminates upon the
superior edge of the fibro-cartilage ; 15, inferior synovial eavity, also
opened to show its relation to the same fibro-cartilage : 16, bursa
suberuralis.

the edge of a table. It is not strange, therefore, that it
is more frequently broken by muscular action than any
other bone in the boc

Atmospheric pres ire is not without effect on the joint.
In conditions of health it holds the patella firmly down
and prevents its dislocation.
In cases of opening the joint,
or where there is effusion, the
bone becomes much more
movable laterally, and may
be spontaneously dislocated.

The movement of the tibia
upon the femur is such that,
with flexion and extension, a
slight degree of rotation al-
ways takes place. This is
due to the peculiar shape of
the condyles above men-
tioned, and to the pull of the
muscles. The joint cannot,
therefore, be said to be a
perfect hinge, there being a
considerable amount of lat-
eral motion. This is most
free in the semiflexed state,

F16. 3088.—8agittal Section of

and may then amount to the Knee-joint.
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forty degrees. It is sometimes called pronation (which
turns the toes in), and supination (turning them out),
but is not produced by the same mechanism as the mo-
tions of the same name in the elbow-joint. The move-
ments of flexion and extension do not exceed an arc of
one hundred and sixty degrees.

The joint is copiously supplied with vessels from the
femoral, popliteai, and anterior tibial arteries. The
nerves are from both the sacral and the lumbar plexuses,
the former through the sciatic, the latter through the
anterior crural and obturator. It is interesting to note
that interference with these nerves at any part of their
course, or centrally, is followed by pain in the knee. The
phenomenon known as “hysterical knee-joint,” in which
there is pain accompanied by no lesion in the joint prop-
er, is usually thus explained. Frank Baker.

KNEE-JOINT, CONGENITAL DISLOCATIONS OF.
See Hip-joint, Congenital Dislocations of.

KNOCK-KNEE.—(Synonyms: Genu Valgum, In-Knee.)
In the erect posture the femora whose upper extremities
are separated by the pelvis, incline slightly inward to
the knee, forming angles at this point opening outward
of about one-hundred and seventy-two degre The
angle varies with the breadth of the pelv and in adult
females, what may be called normal genu valgum, is
often present. In compensation for the inclination of the
femur the internal condyle is slightly longer than the
external; thus the plane of the knee-joint is horizontal.

If the inward projection of the knees is increased to
deformity the tibiz are no longer perpendicular, and in
the erect posture the feet are separated when the knees
are in contact. In other words, the knees are in con-
tact when the feet are in the properattitude for walking,
hence the term knock-knee.

In the slighter grades of knock-knee, due in great part
to laxity of the ligaments, the deformity appears only in

FiG. 3089.—Typical Rachitic Knock-knees.

the upright posture, but in more marked cases it persists
when the weight of the body is removed because it is
caused by distortion of the bones.

As has been stated, in the normal subject the inward
inclination of the femur is compensated by the greater
length of the internal condyle; and in the deformity of
Eknock-knee the plane of the knee-joint is still preserved
by what is apparently a further elongation of this part
of the bone. In fact, it was thought at one time that
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the cause of knock-knee was hypertrophy of the internal
condyle, but it is now generally accepted that the appar-
ent lengthening is

caused by deformity

of the lower extrem-

ity of the shaft of the

femur. This is bent

with the convexity

inward, so that the

epiphyseal line has

an increased oblig

uaity. Thus it is ap-

parent that the in-

ternal condyle is

lowered by a deform-

ity of the shaft of

the femur and not by

a change in the epi-

physis itself.

In most instances
there is a similar, al-
though usually
slighter, deformity of
the upper extremity
of the tibia, so that
when the bone is
placed in the perpen-
dicular position its
internal condylar sur-
face is higher than
the external. In
rather unusual cases
the deformity may be
confined practically
to the tibia.

In addition to these

deformities
is a more or less
constant change in
the relation of the
two bones, the femur
is rotated inward and
the tibia is rotated
outward. In some
instances there is a F1G. 3090.—Enock-kEnee and Bow-leg.
certain degree of
over-extension at the knee; this is more often observed
in the adolescent type, which is more directly dependent
upon laxity of ligaments. In the ordinary form of ra-
chitic knock-knee in childhood, however, the typical atti-
tude is one of slight flexion of the knees, and in well-
marked cases there may be limitation of the range of
extension at the knee and at the hip also.

The deformity of knock-knee is most marked when the
limb is fully extended, because the shortened tissues on
the outer aspect of the joint become tense and because
the outward rotation of the tibia is increased. s the
leg is flexed the deformity lessens, and in complete flex-
ion it disappears. This is explained by the fact that the
posterior surface of the condyles is not affected by the
deformity of the shaft, while the relaxation of the liga-
ments and the outward rotation of the femora permit the
tibize to.become parallel with one another. Thus slight
flexion at the knees, which les deformity, is the
attitude which is often unco sumed by pa-
tients.

The outward inclination of the leg increases the strain
upon the foot and tends to induce the attitude of valg
and rachitic knock-knee in the progressive sta
almost always accompanied by flat-foot. Afterre 3
from the local or constitutional weakness the efforts of
the patient to restrain the abnormal separation of the feet
may induce the opposite attitude of inversion. In fact,
extreme knock-knee is usually accompanied by a slight
degree of fixed varus, and in the mildest type of
knock-knee this compensatory effort of nature, shown by
the so called pigeon-toed walk, may be the most notice-
able symptom of the deformity.
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As a rule, genu valgum is bilateral, but not infre-
quently it is unilateral, and again unilateral knock-knee
may be accompanied by outward bowing of its fellow.

In the slighter de-
grees of rachitic
deformity out-
ward bowing of
the tibia may ac-
company inward
inclination at the
knee. Thus, in-
knee and bow-leg
may be present in
the same limb. In
the marked distor-
tions of the lower
extremity that are
the result of ra-
chitis the bones
may be bent and
twisted in various
directions. For
example, the fem-
ora may be bent
forward and out-
ward, above and
inward, and back-
ward below; the
tibize may be bent
inward above and
outward and for-
ward below. This
is sometimes
called *“cork-
screw ” distortion,
of which the out-
ward expression
is knock-knee.
In the more ex-
treme deformities
FI16. 3091.—Adolescent Knock-knee. caused by rachitis
the shape as well
as the contour of the bones is changed. For example,
the internal border of the tibia may become very prom-
inent at its upper extremity and project beneath the skin
like an exostosis. A change in the contour of the fibula
accompanies and corresponds to that of the tibia, but it
is, as a rule, less marked,

ParHOLOGY.—In rachitic knock-knee, the changes in
the bones and in the epiphyseal cartilages are character-
jstic of that disease. In the milder degrees of deformity,
however, aside from the change in shape and the accom-
panying transformation of the internal structure of the
bones, there is little that is noteworthy. The tissues on
the internal aspect are relaxed, those on the outer side,
the lateral ligaments, the capsule, and the biceps muscle,
are contracted. Within the joint slight changes in the
articulating surfaces of the bones and evidences of
chronie irritation of the synovial membrane are sometimes
seen.

Symproms.—The deformity and the effects of the de-
formity on the gait and attitude are the most important
symptoms, as they are of other distortions of similar origin.
The gait of the patient with well-marked genu valgum is
peculiarly awkward and shambling. The knees *inter-
fere ” and must be assisted, as it were; in the effort to
pass one another in walking. In the slighter cases the
thich is abducted and rotated outward at the moment of
passing its fellow, the movement being then reversed, as
it, in its turn, supports thé weight; but in the more
severe type this voluntary effort of the muscles of the
leg is not sufficient, .and the body is swayed from side to
side, the legs being alternately swung outward and lifted
past one another.

In unilateral knock-knee, the leg being shortened by
the distortion, a limp replaces the swaying t. o

Errorocy.—Knock-knee is a deformity characteristic

The distortion is an exaggeration of the

attitude of rest, and it may be assumed that in many in-
stances the more or less constant assumption of the pas-
sive attitude, induced probably by weakness of the sup-
porting muscles, is the cause of the deformity, the changes
in the contour and in the internal structure of the bones
being simply adaptations to the habitual posture. In the
great majority of the cases the direct cause of the distor-
tion is rachitis, and it develops therefore when the erect
posture isassumed. Insuch instancesa common attitude
of the weak child is slight flexion at the three joints of
the lower extremity, the knees being in contact with one
another. To the habitual assumption of a somewhat
similar attitude is ascribed the frequency of knock-knee
among adolescent and adult bakers. It is probable also
that postures assumed by the weak child in sitting and
creeping before it begins to walk may determine the char-
acter of the subsequent distortion when weight is thrown
upon the limb. One of the explanations of combined
bow-leg and knock-knee is that the child has been habit-
ually held upon the mother’s arm in a manner to induce
the deformity by direct pressure. Typical knock-knee
is a deformity of childhood, but under favoring circum-
stances it may develop in adolescence. It is probable,
however, that in many of these cases a slight degree of
deformity was present in childhood, which later devel-
oped to noticeable distortion. Genu valgum may be in-
duced directly by traumatism or by disease, and it may
be a secondary or compensatory
effect of deformity at the hip- or
ankle-joint. These causes are,
however, relatively insignificant.

TREATMENT.—Treatment of the
deformity may be characterized as
expectant, mechanical, and opera-
tive. During the expectant treat-
ment the cause of the deformity,
in most instances rachitis, should
receive proper medicinal and die-
tetic treatment. If possible the
direct exciting causes of the de-
formity should be removed; that
is to say, the improper attitudes
or the predisposing occupations
should be discontinued.

In the slighter degrees of de-
formity, more particularly in
weak or rachitic children, the
limbs should be vigorously mas-
saged at morning and at night, and
forcibly straightened. The latter
procedure is conducted as fol-
lows: The patient is seated in a
chair; the leg is fully extended in
order to make the deformity as
extreme as possible; one hand
then clasps the knee, the palm
lying against its inner aspect; the
calf is grasped firmly, and the
limb is gently straightened over
the fulcrum formed by the palm
of the hand. This manipulation
should be continued with gradu-
ally increasing force, although
not to the extent of causing pain,
for ten minutes, at least twice a
day, and oftener if possible. This
type of knock-knee, which is in
itself an indication of weakness, is
usually accompanied by flat-foot; Eg/
thus the soles of the shoes should
be made thicker on the inner hor- FIG. 3092. —The Thomas
der, as is described in the treat- Snock-knog Frace
ment of weak foot. If possible
the patient should be instructed to walk with the feet
parallel with one another, and tip-toe or other exercises
in which the limbs are fully extended should be en-
couraged. A careful record of the deformity should be
kept during this tentative treatment, and if there is some
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