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In a previous paper (Michelsson & Langenskiold 1972) we reported
that after a sufficiently long immobilization (more than three¢ weeks)
of one hind limb with only the knee in extension, but the hip free and
flexible, in young rabbits (less than three weeks old), a dislocation or
subluxation of the hip developed as a rule on the immobilized side.
However, after discission of the hamstring muscles and a subsequent
immobilization of the knee in extension no marked changes in the hip
developed. Other dysplastic changes also developed in the experimental
animals in connection with the immobilization of the knee in extension
i.e. coxa plana and coxa vara. In this paper we shall refer especially to
the pathological condition of the hip in which the angle between the
shaft and the neck of the femur diminished. This phenomenon, coxa
vara, developed in many of the older animals (aged more than three
weeks at the beginning of immobilization) in the investigations regard-
ing the effect of the immobilization on the joints of growing rabbits.

MATERIAL AND METHODS

For these investigations seventy growing rabbits (two to twelve wecks old) were
used. One of the hind limbs was immobilized with the knee in extension. but with
the hip free to move. The immobilization was accomplished either by a plastic
tube fixed proximally to the skin of the femur (sixty-two rabbits) or by a metal
pin applied dorsally in the soft tissues of the limb (eight rabbits). These methods
have been more fully described in another of our papers (Michelsson & Langen-
skiold 1972).

In another twenty-five growing rabbits the hamstring muscles were cut proxi-
mally or distally just before the immobilization of the knee in extension of the
same limb was performed.
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The immobilization of the knee was stoppcd by the removal of the plastic tube
after at least three weeks, usually after three to four weeks, but in some cases up
to eight weeks (c.f. Table 1).

During the immobilization of the knee the rabbit kept the hip of the immobilized
side in normal flexion in a sitting and resting position.

The condition of the hips was recorded radiographically at regular intervals after
the procedures, in some cases to adult age.

The hips of twenty-five of these rabbits were prepared for micro- and macro-
scopic investigations,

RESULTS

Of the seventy rabbits that had the knee of one hind limb immobilized
in extension, sixty-three had some abnormality of the hip whereas
seven had no permanent changes (Table 1). These abnormalities have
been defined on the basis of radiological and pathologic-anatomical
findings as coxa vara, dislocation and subluxation. By coxa vara we
mean a condition whereby the angle between the neck and the shaft
of the femur is diminished.

Twenty-five of these seventy-five rabbits had coxa vara only (Figure
1), ten had coxa vara and subluxation of the hip (Figure 2), fifteen
coxa vara and dislocation of the hip (Figure 3), nine dislocation only
and four subluxation of the hip only.

Marked pathological changes of the hip including coxa vara occurred
most frequently in those rabbits that were three to six weeks old when
the immobilization was begun. Of the fifty-four rabbits in these age
groups, twenty-one had coxa vara only and twenty-two coxa vara and
dislocation or subluxation of the hip on the immobilized side. In the
oldest rabbits (eight to twelve weeks old) usually no changes or only
slight ones developed in the hip of the immobilized limb.

These experiments showed that the development of the changes in
the hip were dependent upon the age of the rabbit when the immobili-
zation was begun. The younger the animal was the more frequent was
the development of serious and permanent pathological changes in the
hip. Progression of the coxa vara deformity and a pathological position
of the head of the femur (dislocation or subluxation) usually devel-
oped, after sufficiently long immobilization, gradually and simultane-
ously during the period of growth (c.f. Figures 1, 2 and 3).

In the experimental coxa vara it was possible to find not only a
diminishing of the angle between the femur and the neck of the femur,
but also the following pathological changes in both the acetabulum and
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Fig. 4—c Fig. 4—01

Figure 4 (a-c). Specimens of the proximal ends of the femurs of a rabbit. This
four-week-old animal was immobilized with the right hind limb in extension for
three weeks and killed three months after the immobilization was started, In the
righf hip (a, b and ¢) a coxa vara deformity including a retroversion of the head
and neck of the femur were observed but the left hip (a, b, and c¢,) was normal
(the head and neck of the femur were in a normal, anteversion position).

all parts of the proximal end of the femur (c.f. Figures 1, 2, 3, 4, 5
and 6) :

— The acetabulum was often deformed in outline and more shallow
than normal.

- The head of the femur was often lower and broader and situaled
more posteriorly and inferiorly than normal.

—~ The epiphyseal plate of the head of the femur was in some cases
more vertical than normal.

— The neck of the femur was usually shorter than normal and relro-
verted compared with the normal.

— The grealer trochanter was situated more cranially than normal and
the superior part of it was often bowed medially.

— The lesser trochanter was often situated nearer the head of the femur
than normal.

—~ The ossification centres of the femoral head and the greater trochant-
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Figure 5 (a, b). A four-week-old rabbit was immobilized with the right knee in
extension. Three weeks later a coxa vara deformity was observed on the right side
(Figure 5a), but the left hip was normal (Figure 5b).

er were joined by a bridge of bone in some rabbits with coxa vara
(Figure 6).

— The proximal end of the femur was often bowed medially and on its
medial side more sclerosis than normal was visible.

—~ The movement of the hip was usually decreased, especially abduction
and rotation.

All these pathological findings are described similarly in human coxa
vara (Amstutz & Wilson 1962, Blockey 1969, Marchetti & Faldini 1968,
Pylkkinen 1960).

DISCUSSION

Both the aetiology and pathogenesis in many of the most common dis-
eases of the hip in childhood i.e. coxa vara, coxa valga, coxa plana, and
congenital dislocation of the hip are rather obscure. It is known that
coxa vara may develop in children after fractures or infection of the
hip and after treatment of dislocation of the hip, but in most cases of



408 J.-E. MICHELSSON & A. LANGENSKIOLD

6C 6d

Figure 6 (a-d). A six-week-old rabbit was immobilized with the knee of the right

hind limb in extension. One month after the procedure the animal was killed. In

the sections a coxa vara deformity and a bony fusion between the ossification

centres of the femoral head and the greater trochanter were observed in the right

hip (Figure 6a), but the left hip was normal (Figure 6b). Figure 6¢c: Explanatory

drawing of the section in Figure 6 a. Figure 6 d: Explanatory drawing of the section
in Figure 6b.
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coxa vara the aetiology is unknown (Amstutz & Wilson 1962, Pylk-
kitnen 1960). Many theories have been formulated to explain the devel-
opment of both the infantile and adolescent forms of coxa vara and
these are based on clinical and radiographical investigations. Among
other possible aetiological factors, traumata, infections, rickets, vasc-
ular disturbances and mechanical changes have been proposed. These
theories are reported for instance in a thesis of Pylkkiinen (1960).
Previously many experimental investigations have been made to clarify
the pathogenesis of coxa vara. After destruction of the epiphyseal plate
of the head of the femur in growing animals, coxa vara often developed
(Burckhardt 1948, Compere et al. 1940, Nagura & Kosuge 1938, Nagura
1940, Salenius & Videman 1970). Following destruction of the epiph-
yseal plate of the greater trochanter, coxa valga has developed (Com-
pere et al. 1940, Langenskiold & Salenius 1967, Laurent 1959) and this
method has been used in the treatment of some forms of coxa vara
(Langenskiold & Salenius 1967, Pylkkéinen 1960). The above-mentioned
methods of provoking coxa vara have all been traumatic. In our ex-
periments we have induced deformities of the hip, e.g. coxa vara, with-
out any direct trauma to the hip, but instead created a muscular im-
balance of the hip by the immobilization of the knee in extension. The
immobilization of the knee in extension led to an increased tension on
the hamstring muscles when the animal kept the hip in flexion. There-
fore we cut the hamstring muscles in twenty-five animals and there-
after the same limb was immobilized with the knee in extension. None
of these animals developed any marked coxa vara or other dysplastic
changes of the hip, which shows that the increased tension of the
hamstring muscles played an essential role in the development of coxa
vara and dislocation of the hip in our experiments (Michelsson &
Langenskiold 1972). The experimental coxa vara proved to have similar
pathological features as are described in human coxa vara. A regression
of the pathological changes in the hip was noticed in some animals,
especially after a short period of immobilization. In some cases of
human coxa vara the pathological changes have disappeared, especially
if the child has been kept at rest (Lindemann 1941, 1949, Pylkkénen
1960, Rettig et al. 1970). These facts and other experimental evidence
support the theory that, as in our experiments, mechanical factors af-
fecting the growth of the capital epiphyseal plate play an important
role and may also be essential factors in the development of the human
coxa vara.

The therapy is usually also directed towards changing the loading
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forces of the hip by osteotomy, and many cases of infantile coxa vara
have developed more normally afler osteotomy (Pylkkinen 1960).

The type of coxa vara seen in our experiments is very similar to that
seen in connection with coxa plana or as a complication following
treatment of congenital dislocation of the hip.

These experiments show that both a coxa vara deformity and a dis-
location of the hip may develop as a result of mechanical factors; a
change of the forces normally acting on the hip. The pathological
changes of the skeleton may be explained by the laws of Wolff and
Hueter-Volkmann regarding the transformation of cartilage and bone
in relation to the forces acting upon these tissues,

SUMMARY

In seventy growing rabbits, two to iwelve weeks old, one of the hind
limbs was immobilized with the knee in extension but with the hip
free and able to be flexed. In fifty of the rabbits a coxa vara deformity
developed and in twenty-five of these subluxation or dislocation of the
hip occurred in addition to coxa vara (c.f. Table 1). These phenomena
of experimental dislocation and subluxation were described in a former
article (Michelsson & Langenskiold 1972). The coxa vara deformity
in our experiments was connected with similar features as are described
in human coxa vara of different aetiology. Both the acetabulum and
the proximal end of the femur were deformed and the head and the
neck of the femur were usually retroverted.

The experiments show that in growing rabbits an atraumatically
provoked change of the forces acting on the hip may lead to growth
disturbance of the capital epiphyseal plate and progressive coxa vara.

The similarity in the experimental and the human coxa vara justify
our thinking that the infantile human coxa vara may also develop as
an adaptive result of a change in the forces acting on the hip, which
may, for instance, be provoked by a long-lasting change of the position
of the hip or knee.
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