Acta of Bioengineering and Biomechanics
Vol. 10, No. 4, 2008

Influence of developmental hip dislocation
on femoral head sphericity: experimental study in dogs
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The aim of this study was to assess the growth and the changes in the shape of a femoral head in dog puppies with dislocated and un-

stable hip joints.

Ten 5-week-old, mountain shepherd puppies were divided into two subgroups. In five animals, the femoral head was dislocated, and
in the other five dogs, femoral head was reduced after the dislocation procedure, making the joint congruent but unstable. After 4 weeks

the animals were euthanised.

The optical method of contour measurement of the femoral head sphericity was used. The shape of the dislocated femoral head dif-
fered from the normal one. The medial part was extended into beard-like form. The overgrowth of the femoral heads was significant and
from 38% to 61% larger compared with the normal contralateral head. The unstable head of the second group did not differ in the shape

nor in its size from the contralateral normal one.

The large adaptive and deforming changes of shape in the dislocated femoral heads in our study show the pronounced malformation of the joint.
The shape of beard-like deformity may be explained by the enlargement of contact surface between the medial part of the head and illiac bone.

The restricting modelling role of the acetabulum, the minor vascular impairment during the surgery and the short time of follow-up
were possible factors contributing to the minimal changes of the affected femoral head in the unstable but congruent hip joint.
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1. Introduction

Developmental dislocation of the hip (DDH) in
dogs is accompanied by adaptive and degenerative
changes of the femoral head. However, reports on ana-
tomical observations of these deformations in dislo-
cated hips are rare [1], [2]. Development of the dys-
plastic canine hip has been well described by RISER [3].

During early postnatal growth a normal contact
between the femoral head and acetabulum is the pre-
requisite for their normal growth and function. As-
phericity is claimed to be the reason for joint incon-
gruence leading to premature osteoarthritis [4], [5].
The shape of the head once dislocated and the subse-
quent shape changes are important in the prognosis

and success of conservative and surgical treatment
and its final result. As the canine model of hip can be
referred to human one, the authors wanted to know
whether the pattern of deformity in dislocated hip in
dog can be used to assess infant hip dislocation in
humans.

The aim of this study was to assess the growth and
the changes of the shape of the femoral head in dislo-
cated hip joint in puppies.

2. Material and methods

Ten 5-week-old, mountain shepherd puppies were
operated on. Approval for experiments was obtained
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from the Regional Committee for Experiments on
Animals in Bydgoszcz, Poland.

Following premedication (Atropine, Polfa, Xy-
lovet, Alfasan i.m.) under general anaesthesia (Di-
azepam, Polfa, Xylovet, Alfasan and Ketamine,
Richter, Pharma i.v.) the right hip joint was exposed
through a craniolateral approach. The dogs were
divided into two subgroups, in five animals, the
femoral head was dislocated ventrodorsally, the cap-
sule was sutured and the tissues were closed. The
dislocation was confirmed radiographically (figure 1).
In the other five dogs, femoral head was reduced
after the dislocation procedure. Thus the joint was
congruent but unstable. In the early post-operative
period, the dogs were given Metacam (Boehringer)
and Rimadyl (Pfizer) to relieve the pain. The dislo-
cation of the hip was controlled 2 weeks following
the primary procedure. After 4 weeks, another pelvic
radiograph was taken, and the animals were eutha-
nised. The hip joints were excised, put into saline
bath and further investigations were performed
within 4 hours (figure 2).

b)

Fig. 4. Normal head (a) and its contour (b)
by AutoCAD program

Fig. 1. Ventrodorsal radiograph of
a dislocated hip joint 4 weeks after surgery

a) b)

b) rotated curves connected by scans

All the measurements were done in right (oper-
ated) and left (control) femoral heads. The optical
method of contour measurement of the sphericity
was used. The femur was attached to a rotational
Fig. 2. Lateral radiograph of unstable (right) table (Zeiss Jena, Germany) (figure 3). This table

and control (left) hip after autopsy with cross mounting system enabled the femoral
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neck axis and the table axis to be paralleled. While
rotating the table, the series of digital pictures (Sony
MVC-FDI91) of the femoral head were taken every
30°. The pictures were described with Auto-CAD
program. The contour of femoral head was pencilled
in 10 x magnification (figure 4 a and b). The esti-
mated error of this measurement was 0.05 mm. All
contours for each head were elaborated with -DEAS
numerical program (EDS: Plano, USA) for model-
ling 3D surfaces (figure 5). This program enabled not
only the measurement of the 3D linear difference,
but also the estimation of the total volume of the
femoral head.

3. Results

The shape of the dislocated femoral head differed
from the normal one (figure 6). Its medial part was
extended into beard-like form. The overgrowth of the
femoral heads was significant and from 38 to 61%
larger compared with the normal contralateral head.
Each unstable head in the second group did not differ
in its shape nor in its size from the contralateral nor-
mal one (figure 7). The unstable femoral heads were
up to 9% bigger than the control ones. The summary
of the changes in the femoral heads are shown in the
table. The differences in the shape of contours be-
tween identical cross planes of heads in the normal
and dislocated hips (group 1) are shown in figure 8b
and c, respectively, and in unstable (group 2) hips —
in figure 8a.

a)

Fig. 6. Femoral heads of dislocated (a) and control (b) joints

a) ®)
EEEE R RN Ra]

Fig. 8. Contours of pairs of cross planes of normal femoral head (b)
and affected ones in: a) unstable hip, c) dislocated hip.
Broken lines represent normal head

4. Discussion

Several methods for evaluating the femoral head
sphericity were applied to in vivo studies in humans
[6]-[8]. The mathematical and graphic presentation of
the femoral head in vitro for the measurement of 3D
macrogeometry is difficult. These difficulties result
from: (1) large differences in shapes and sizes of the
bodies of different individuals, (2) various hardness of
different areas of the body in contact measurements,
(3) the impossibility of unequivocal determining the
borders of the structure [9], [10].

The optical method was useful to present the
spherical deformities of femoral heads in dislocated
and unstable hips and to show the differences between
these pairs of heads. The error of the measurement
had no influence on the comparative quantitative
analyses of the pairs of the heads. We are aware that
the control contralateral head was not truly normal as
being overweighted. Normal function of this joint
allowed us to consider this side as normal one.

Table. Characteristics of the dislocated (group 1) and unstable (group 2) femoral heads

Group | Number Shape Size Volume per cent fnerease
compared to normal side
. beard-like (4) | overgrowth 0
Dislocated > small beard-like (1) | overgrowth 38-61%
Unstable 5 spherical overgrowth <9%
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When comparing the natural history of hip disor-
ders in human and dog, one must be aware of the main
difference: developmental dislocation in humans occurs
in highly dysplastic hip, while in dogs a non-traumatic
dislocation of this type has not been reported. However,
dogs are regarded as a good animal model for the ob-
servation of hip development and many anatomical and
structural similarities make that data obtained in this
animal model pertinent to man [11]. Experimentally-
induced dysplasia was described in rabbits, and hip
dislocation model was also applied in these animals
[12]. The role of an ideal sphericity in normal function
of hip joint is well known [4], [13]. KIM [5] correlates
the spherical femoral head with the low incidence of
hip osteoarthritis in Koreans. Any disturbance in head
sphericity leads inevitably to the restrictions of joint
movement and degenerative changes resulting in osteo-
arthritis [4].

The dramatic adaptive and deforming changes of
shape in the dogs with the dislocated femoral heads in our
study show the pronounced malformation of the joint
while the shape of left-control heads was spherical. The
shape of beard-like deformity may be explained by the
enlargement of contact surface between the medial part
of the head and illiac bone. The loss of sphericity and
irregularity of the medial part of the head was reported in
post-reduction avascular necrosis following reduction in
hip dislocation [13]. The mechanism of the similar bone
formation is observed in degenerative changes of spine or
knee when the osteophytes make the joint surface larger.

Similarities of deformities of head’s shape are also
observed in human as the result of Legg—Calve—Perthes
(LCP) disease [14], [15], although the etiology of these
two disorders ( DDH and LCP) is different. A severely-
deformed head has often the shape of a mushroom or
cauliflower. It may also be flatter. The variety of these
deformities depends on the position of the head within
the acetabulum during the long (about 18 months)
course of disease. These deformities occur when the
affected head is only partly covered with acetabulum.
High pressure is generated between the contact surfaces
in LCP disease and with reduced contact affects the
shape of regenerating femoral head [16].

The role of an adequate contact of femoral head
with acetabulum in the early months of life was again
confirmed in our study. The shape of the unstable
head did not change and maintained its spherical
form. This can be explained by the restricting influ-
ence of the acetabulum. The clinical observations
show the overgrowth of the head after inflammatory
processes [17]-[19] or surgical interventions [20],
[21]. This phenomenon can be explained by hyperae-
mia [22], [23]. The overgrowth of femoral head can

reach 15-20% or more of the size of contralateral
femoral head (coxa magna) [20], [24]. These reports on
the femoral head’s growth following open reduction in
infants with DDH resembles the observation of the
femoral head changes in group 1 (dislocated joint). The
developmental hip dislocation is found within the first
4-6 months. Similar deformation of the femoral head
was reported both in the late diagnosed DDH and in
avascular necrosis following the treatment of DDH.

The size of the unstable head in group 2 did not dif-
fer from that of the normal contralateral head. Its growth
was multidirectional and uniform. Such situation is ob-
served in some children with Legg—Calve—Perthes dis-
ease, when the femoral head, although with some
changes of size, may show no shape deformity. The
spherical femoral head is only observed in the joint with
full contact of the head and acetabulum maintained dur-
ing the disease progression [14], [15]. We explain these
minimal changes of the affected femoral head in the
unstable but congruent joint by the minor vascular im-
pairment during the surgery and the short time to express
the growth changes. The restricting and modelling role
of the acetabulum may fulfil an important function in
promotion of the femoral head development.

5. Conclusion

The lack of normal contact of femoral head with
acetabulum causes its enlargement and spherical de-
formation. The femoral head in unstable joint develops
with small alteration of the shape and sphericity.
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