Canine hip dysplasia.
Part |: Aetiopathogenesis &
diagnostic approach

> Abstract

Hip dysplasia in dogs is a multifactorial disease caused by hereditary and environmental
factors. Most commonly seen among very young giant and chondrodystrophic breeds,
Kyriazis A. it manifests as an abnormal development of the round ligament of the femoral head
that leads to coxofemoral joint instability and (sub)luxation. The disease presents as hind
limb lameness. In the young animal, this is due to pain caused by hyperextension of the
soft tissues of the hip joint, whereas in adults it is caused by osteoarthritis resulting from
the degenerative development of the disease. In addition to radiological examination,
diagnosis is based on clinical signs and specific clinical trials in both the awake animal
and the animal under deep sedation or/and general anaesthesia. Radiologic imaging
requires several views, and findings are evaluated according to the animal'’s age, stage
of disease and clinical signs. The need for early assessment of hip dysplasia resulted in
the establishment of different classification systems according to radiological findings.
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> Introduction

A very descriptive definition of hip dysplasia (HD) was given by Henricson et al. (1966):
“Hip dysplasia is a disease that stems from a varying degree of laxity of the hip joint,
permitting subluxation during early life, giving rise to varying degrees of shallow ac-

”

etabulum and flattening of the femoral head, finally inevitably leading to osteoarthritis”.

Numerous methods have been described for the diagnosis of HD in dogs, a large num-
ber of which may prove confusing for the clinical practitioner. This study aims to present
the aetiology and pathogenesis of HD, as well as the main diagnostic procedure.
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At birth, the hip joints are normal and they are thought to continue normal develop-
ment if complete congruity between the femoral head and the acetabulum is main-
tained*>"® HD can be best considered as the result of the «duel» between the forces
applied to the hip during weight-bearing of the limb and the rapidity of cartilage devel-
. Dog opment to bone. This means that if the growing cartilage of the coxofemoral joint turns
- Dysplasia into a normal morphology bone before the effects of joint forces, dysplasia can probably
- Hip be avoided, otherwise HD is inevitable.'*!
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Two endogenous factors are suspected in the early
laxity of the coxofemoral joint. The first refers to the
abnormal production of collagen fibres in the artic-
ular capsule and the round ligament of the femur'®
and the second to the irregular endochondral ossi-
fication of the bones that constitute the coxofemo-
ral joint, which leads to contact incongruity of the
articular surface.'*

During development of the hip, the earliest dysplas-
tic joint changes are observed at 30 days of age and
are related to the round ligament of the femoral
head, which at this stage is primarily responsible for
maintaining hip joint stability. More specifically, an
oedematous ligament is observed, as well as torn
fibres and capillary haemorrhage at the tearing
sites. Increased volume of the ligament of the femo-
ral head and increased synovial fluid volume have
been considered the earliest findings of canine hip
dysplasia. In addition, during the first two weeks of
the animal’s life, the short round ligament begins to
lengthen. It has been suggested that in dysplastic
dogs, it is this excessive lengthening that permits
lateral subluxation of the adult hip joint>" It is also
known that there is more than one ossification cen-
tre in the acetabulum of a young animal, with that
of the dorsal rim normally detaining the junction of
the acetabulum with the iliac bone. In dogs with
HD, this delay is even longer.'

Certain environmental factors that do not cause the
disease but can affect its appearance and develop-
ment at varying degrees and can be modified by
the owner after an early indication of a veterinarian
include the following:

a) The body weight of the puppy and adult dog,
and mostly those breeds whose body weight
increases rapidly during the first months of the
animal’s life.?

b) Increased amounts of calcium and vitamin D
with food or nutrition supplements since they
cause the endochondral ossification process to
delay.WS,W,WS

c) Excessive exercise of the animal at a young age, as
well as it residing in places with slippery floors.2

As many authors suggest, the rapid increase of body
mass in large dog breeds is either genetically prede-
fined or due to excessive nutrition rich in high calo-
ries and ingredients which has a crucial effect on
the hip joint, thereby contributing to the premature
appearance of dysplasia which predisposes to more
severe development. On the contrary, a slower
growth rate provides the joint with the opportunity
to develop normally.™

From a bio-mechanical point of view, HD could be
attributed to the asynchronous growth between
the muscle mass and the skeleton which evolves
faster. In particular, inability or failure of the hip mus-
cles to obtain sufficient length, volume and func-

tionality in a time relative to skeleton development
will greatly affect hip stability, triggering a sequence
of events which will lead to dysplasia and osteo-
arthritis. Notably, the stability of the hip depends
greatly on muscle strength during motion, as well
as at standing position.'

The first radiographic signs of canine HD that can
be seen as early as at 7 weeks of age are subluxa-
tion of the femoral head and underdevelopment
of the craniodorsal acetabular rim. At this time, the
joint capsule is stretched but not otherwise struc-
turally altered, and the ligament of the femoral head
is lengthened >°

At the age of 2-3 months, the degree of subluxa-
tion increases and the joint capsule suffers further
stretching, thickness and inflammation. This inflam-
mation coexists with an increased production of
prostaglandins by the cells of the synovium, which
causes vasodilation in the articular capsule and
pain. The synovial fluid, produced by the cells of the
synovial membrane and extravasation of plasma, is
significantly increased in quantity, while its viscos-
ity is reduced because of greater plasma extravasa-
tion, which ultimately does not serve the lubrication
needs of the articular cartilage. The femoral head is
laterally displaced, and in more severe cases crani-
ally in relation to the acetabulum. The articular car-
tilage begins to erode and roughen, mainly on the
dorsal surface of the femoral head, especially at the
contact site with the rim of the acetabulum.?

In a healthy, congruent hip joint, forces during
weight-bearing are distributed across the entire
cartilaginous surface of the acetabulum and the vi-
cinity muscles, which helps to balance those forces.
On the contrary, the head of a dysplastic hip due
to subluxation is tangent only to a small part of the
dorsal acetabular rim, which receives much greater
forces than it can withstand. The latter results in
microfructures and progressive destruction of the
articular cartilage of the dorsal acetabular rim, in-
flammation of the coxofemoral joint and reactive
periarticular fibration, progressive deformation of
the articular surfaces, remodelling of the dorsal ac-
etabular rim, and osteophyte production. The con-
sequence of all the above is hip osteoarthritis.?!

> Diagnostic approach

HD may be suspected in a dog of any age belong-
ing to those breeds with increased predisposition
that presents with the symptoms described above.

A full history of the patient is initially obtained, in
addition to physical, orthopedic and neurological
examination, so as to limit the origin of the clinical
symptoms to the hip joint and exclude other ortho-
pedic or neurologic conditions that may present in
a similar way to HD. Several dog breeds that devel-
op HD, are considerably predisposed to hind limb
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Figure 1. Graph of pain

intensity variance in HD (blue
line) in relation to the dog’s age.
Red lines correspond to pain
threshold of three dogs. When the
curve on pain intensity is below
the pain threshold of each animal,
the disease is subclinical.
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lameness of different aetiology. These pathologic
conditions need to be recognised and differenti-
ated from HD in order to avoid misdiagnosis and
possible unsuccessful treatment. This is of particular
importance in the case of coexistent HD that is not
responsible for hind limb lameness. With the excep-
tion of injury, other causes in young dogs include
patella luxation, panosteitis, aseptic necrosis of the
femoral head, osteochondritis and on rare occa-
sions, hypertrophic osteodystrophy, while in adult
animals, causative factors are cranial cruciate liga-
ment rupture, patella luxation, degenerative lum-
bosacral stenosis, discospondylitis, intervertebral
disc protrusion, polyarthritis and bone tumours >20%2

Almost all diagnostic methods used for humans
have also been applied to dogs: arthrography, ar-
throscopy, ultrasonography, thermography, scintig-
raphy, and in special cases, computed tomography
and magnetic resonance imaging. Nevertheless,
complete physical and radiological examination of
the hips, are usually sufficient for the confirmation
of the disease.”®

> Epidemiology

Theoretically HD can be presented in dogs of any
breed, although those mostly affected are large and
giant breeds, as well as chondrodystrophic breeds
regardless of their size. Consequently, according to
the OFA (Orthopedic Foundation for Animals) da-
tabase (www.offa.org), dogs belonging to breeds
such as Newfoundland, Saint Bernard, Old Eng-
lish sheepdog, Rottweiler, German Shepherd Dog,
Samoyed, Golden Retriever, Alaskan Malamute,
Labrador Retriever, and also Pug, have the highest
incidence of the disease.

> History - Clinical presentation

The clinical symptoms of HD vary and are charac-
terised as ranging from mild discomfort to severe
acute or chronic pain. The disease evolves progres-
sively?* and clinical manifestation differs in regard
to the dog’s age. Two age groups can be identified:
young (4-16 months) and adult (>16 months).

Regarding young dogs, clinical symptoms most of-
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ten appear at 4-12 months of age; they occur sud-
denly and are characterised by unilateral or bilateral
hind limb lameness. The animals exhibit difficulty
in rising; they prefer to sit and are reluctant to run,
jump, climb up and down stairs and even walk,
while in general they resent any motor activity. Their
gait is of shorter width, while at faster gait, especially
when running and climbing stairs, they move both
hind limbs simultaneously (bunny-hopping). Dys-
plastic dogs show hind limb stiffness after a long
period of inactivity or when inactivity is followed
by a copious activity.? The aforementioned clinical
presentation is attributed to pain, which is mainly
caused by the changes occurring to the anatomical
features of the hip joint region due to extreme laxity
of the joint, as well as the abnormal motility of the
subluxated femoral head.?

Some affected puppies may never exhibit any clini-
cal symptoms and the disease could remain sub-
clinical, taking into consideration that in such cases
pain severity does not surpass the pain threshold
(Figure 1). On the other hand, other puppies exhibit
notably severe pain symptoms, which in many cases
disappear within the following months; hence, by
the age of 12-15 months, the puppies are relatively
asymptomatic, probably because of reactive periar-
ticular fibration which seems to stabilize the joint. In
the rest of the animals, pain not only remains, but
progressively worsens and accompanies them in
the second year of their lives. >

As concerns the adult group which constitutes the
second phase of the disease, symptoms may appear
at any age. Onset is mostly progressive and rarely
sudden. The occurring symptomatology is similar to
that of hip osteoarthritis.?

> Clinical examination

Visual inspection should be performed in the stand-
ing as well as the moving position. In standing
position, dogs with severe HD display permanent
subluxation of the femoral heads resulting in pro-
trusion of the greater trochanters dorsally and lat-
erally. Subluxation may also make the dog appear
lower and wider at the hind end, which tends to
become exaggerated in the case of muscle atrophy.
Thus, at inspection of the animal from behind, the
pelvis region seems more «squared» (Figure 2).>
Depending on the stage of the disease, affected ani-
mals may exhibit a wide or narrow hind-end stance
(Figure 3). At first, the animals have a wide hind-end
stance (limb abduction) in trying to maintain the
femoral heads in the cavity of each acetabulum. As
time passes and subluxation aggravates, the femo-
ral head is increasingly supported by the thickened
articular capsule, rather than the acetabulum. As a
result, abduction of the limbs is reduced since due
to subluxation, the strong and painful contraction of
the adductor muscles, and especially the pectineus,
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Figure 3. Narrow (left)
and wide (right) hind-end
stance of a dysplastic dog,

Figure 2. The pelvis of the dysplastic dog (right)
is squarer in comparison to the healthy dog, at
inspection from behind.”

triggers forces that act on the already inflamed and
stretched articular capsule. Thus, the animal adopts
narrow-end stance (limb adduction) in order to re-
duce the intensity of pain.?’

When the gait of a dysplastic dog is observed, a
swing of the caudal body part may be noted, per-
haps because the animal attempts to reduce the
pain by shortening its gait. The hind limbs seem
stiff, while the stifle and tarsus are relatively extend-
ed, probably due to the animal's attempt to shift its
weight onto the front limbs. The «bunny hopping»
gait is a recurring symptom of HD and indicates the
animal’s attempt to reduce the pain, since in order
to move its body forward, the forces acting on the
hips during weight-bearing are evenly distributed
in both hind limbs.2

Palpation of the hind limbs and especially the hips
should be performed in two phases: the first on an
awake animal and the second under sedation or
preferably under general anaesthesia. In the first
phase, which in the case of large breed dogs should
be performed on the floor, muscle atrophy of the
hind limbs is first assessed, followed by passive

movements of flexion, extension, external rotation
and abduction of the hips to test for crepitation and
pain which become more obvious at extension of
the joint, as well as to assess the range of motion
of the coxofemoral joint which clearly decreases in
animals with HD. In the second phase, specific semi-
quantitative palpation manoeuvres are performed,
namely the Ortolani test and the calculation of the
angle of Ortolani and Barlow sign, as well as the
Bardens test, which give very useful information
concerning hip laxity in young animals.®®='

In order to perform the Ortolani test, the animal is
placed in lateral recumbency (some prefer dorsal
recumbency), with the limb to be examined fac-
ing upwards. For examination of the right hip, the
examiner stands behind the animal and brings the
right hind limb parallel to the examination table and
perpendicular to the sagittal plane of the animal
(spine). Using the right hand, the examiner holds
the distal aspect of the stifle, while the palm of the
left hand is placed on the dorsal side of the pelvis
and spine to provide stabilization. The first part of
the manoeuvre requires the limb in adduction; us-
ing the right hand, the examiner places medium
force on the stifle joint directed through the femur
toward the dorsum of the dog, while the other hand
resists in order to avoid animal displacement. This
force causes dorsal subluxation of the femoral head
in dogs with hip laxity. (Figure 4a).?

For the second part of the Ortolani manoeuvre, the
hip is gradually abducted, maintaining the inten-

grade of the hip.”

Figure 4. The Ortolani
manoeuvre for HD evaluation.
Accomplishment (A) and
reduction (B) of femoral head
subluxation.?
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Figure 5. The Bardens
manoeuvre for HD evaluation.?”
The arrow points to upward
dislocation of the great trochanter.

Figure 6. Dog positioning for
ventrodorsal radiograph of the
pelvis with the limbs extended.
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sity of the force initially applied to the stifle, until
a characteristic “click” is heard and/or palpated as
abrupt reduction of the hip occurs. This sound is
interpreted as the positive Ortolani sign and sug-
gests hip laxity (Figure 4b). At the moment of sound
perception, the angle between the femur and the
horizontal plane is defined as subluxation reduction
angle. It is calculated with a goniometer or more
easily with a “smart” mobile phone and the ap-
propriate programme, such as the free application
iHandy Level (iHandySoft Inc). Subsequently, the
hip is gradually adducted anew while also main-
taining unabated the intensity of the initial force
on the stifle until subluxation is caused again. This
position is characterised as the Barlow sign and the
angle between the femur and the horizontal plane
is defined as the angle of subluxation and is likewise
calculated 22230

The Bardens manoeuvre is performed with the ani-
mal and examiner in the same position as the previ-
ous procedure. Using the right hand, the examiner
holds the femoral diaphysis and applies force per-
pendicular to the sagittal plane and upwards, while
the palm of the free hand is placed on the major tro-
chanter of the same side. Major trochanter displace-
ment upwards greater than 6 mm is interpreted as
abnormal and suggests laxity of the coxofemoral
joint. (Figure 5).3132

In adult animals with HD, the result of the aforemen-
tioned tests is rarely positive, mainly due to periar-
ticular fibrosis, remodelling of the dorsal acetabular
rim, or the presence of a shallow acetabulum. More-
over, in cases of already existing subluxation due to
HD, the results of these manoeuvres are negative.

Although a positive Ortolani sign indicates laxity of
the coxofemoral joint, it does not always prejudge

-
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the future clinical signs of osteoarthritis, especially
when the subluxation reduction angle is small
(<20°). On the contrary, absence of the Ortolani sign
does not guarantee that those animals will have
normal hips during their life; in fact, they may have
already developed osteoarthritic changes. Conse-
quently, these subjective manoeuvres should be
considered in relation to the results of the general
examination and mainly radiographs, before final
diagnosis and therapeutic plan is established.?

> Radiographic examination

Radiographic examination is a very important part
of the diagnostic approach of HD in dogs and is per-
formed with the animal under general anaesthesia.
Radiographic findings are assessed according to the
animal’s age, stage of the disease, clinical signs, and
also the experience of the examiner. Various radio-
graphic views are used, each of which has its advan-
tages and disadvantages:

a) Ventrodorsal hip-extended radiograph of pelvis
b) Frog leg ventrodorsal radiograph of pelvis

) Dorsoventral projection of the dorsal acetabular
rim

d) Lateral projection of the pelvis

e) Compression ventrodorsal radiograph of the pel-
Vis

f) Distraction ventrodorsal radiograph of the pelvis

Proper animal positioning is essential during all of
the aforementioned projections, in order to avoid
false conclusions during evaluation of the radio-
graphs.

The ventrodorsal hip-extended radiograph of
pelvis requires the animal to be placed in dorsal re-
cumbency and held in that position with the use of
sand bags or a special V-shaped device. Hind limbs
are held by the tarsus and pulled caudally, while fe-
murs are held parallel to each other and the spine,
and slightly rotated inward until the patella projects
medially in the trochlea (Figure 6). The pulling force
applied for hind limb extension is determined by
the ability of muscles to stretch. The most distal to
the tarsus part of the hind limb should be 5-7.5 cm
far from the table for small dog breeds and 10-12.5
cm for large breeds. The projected area should in-
clude the area formed by the iliac wings down to
the stifle joint. The x-ray beam should be centred on
the middle point of the straight line between the
hips. However, providing positioning of the animal
is appropriate, depiction of abnormalities in HD
is not significantly affected if the beam is centred
more forward or backward.?®

For a radiograph to be considered as correct dur-
ing imaging of the hips, there needs to be adequate



inward rotation of the hind limbs, the pelvis should not
be rotated while at the same time, the distal part of the
limbs should have the proper distance from the table
(Figure 7). More specifically, if the legs are not properly
rotated inwards, the angle formed by the two straight
lines running through the middle level of the diaphysis
and the femoral neck (anatomical axis) projects more
obtuse and the limb appears valgus. This false position
incorrectly suggests that the concave of the acetabu-
lum contains a larger part of the femoral head, which
fictitiously appears greater as the distance between the
patella and the median projection line of the femur at
the level of the trochlea increases.?® Rotation of the pel-
vis is indicated by the asymmetric projection of its two
halves. In particular, the obturator foramen width, the
shape of the iliac crest and the distance between the
transverse process of the last lumbar vertebrae and the
cranial rim of the iliac crest all differ between the two
pelvic halves. Moreover, the sacroiliac joints are asym-
metric, the penile bone does not project in a central po-
sition and finally, if the straight line between the projec-
tional image of the spinal processes of the lumbar and
sacral vertebrae is extended caudally, it does not cross
the pubic symphysis. The obturator foramen width and
the iliac crest shape are of greater importance when
checking symmetry of the pelvis. In the case of asym-
metry, the part of the pelvis where the obturator fora-
men seems wider and the iliac crest thinner has been
elevated and turned towards the x-ray beam.”* As a
result of this asymmetry, the acetabulum on this side
appears normally shaped and deep, incorrectly cover-
ing a greater part of the femoral head,® as opposed to
the acetabulum of the other side which appears more
shallow.?

The process of evaluation and assessment of this projec-
tion and the kind of radiological findings differ, depend-
ing on the animal’s age. Consequently, this projection
is used in adult animals to estimate hip osteoarthritis,
whereas in those that are young and in whom osteoar-
thritis lesions have not yet been established, it is used
to estimate hip joint laxity.>** In fact, the latter is esti-
mated by the degree of coverage of the femoral head
by the projection of the acetabulum, in which case the
distance between the centre of the femoral head and
the dorsal acetabular rim is calculated (Figure 8). Nor-
mally, the centre of the femoral head should be located
medially to the dorsal acetabular rim and should be at
least 50% covered by the acetabulum. Smaller quantum
of coverage equals a loose joint.*

For each hip, the Norberg angle (NA) is formed by the
straight line between the two femoral heads and the
line drawn from the centre of each head to the crani-
al rim of the ipsilateral acetabulum (Figure 9). Normal
hips are considered those where the Norberg angle is
greater than 105°, although in some chondrodystrophic
breeds this angle is generally smaller®” This angle is
of little diagnostic value in animals younger than five
months because the radiolucent cartilage of the dorsal
acetabular rim in such animals has not yet been ossified,
which could lead to a false calculation.®

Canine hip dysplasia D

Figure 7. Normal

radiograph of the hips of a

dog at ventrodorsal projection

of the pelvis with the limbs
extended.

Figure 8. The distance
(yellow arrow) of the
femoral head centre (red
dot) from the projection of
the dorsal acetabular rim, in
a ventrodorsal radiograph
of the pelvis with the limbs
extended.

Figure 9. Norberg angles

in a ventrodorsal radiograph
of the pelvis with the limbs
extended.
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Figure 10. Morgan line (white
arrows) of a dog with HD in a

ventrodorsal radiograph of the
pelvis with the limbs extended.

Figure 11. Peripheral
osteophyte on the femoral head
(white arrows) of a dog with HD,
in a ventrodorsal radiograph of

the pelvis with the limbs extended.

No alteration is observed in the
left image, while in the following
its intensity is gradually increased
and maximizes in the right image
2.

Figure 12. New bone formation
(red arrow) on the cranial
acetabular corner (double rim) in
a dog with HD, in a ventrodorsal
radiograph of the pelvis with the
limbs extended.
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With regard to mainly mature animals, apart from
the aforementioned calculations with which the
stability of the hip is estimated in combination with
the development of the dorsal acetabular rim, sec-
ondary degenerative changes observed in the ace-
tabulum, as well as the head and neck of the femur,
are also of interest:

a) The Morgan line (caudolateral curvilinear osteo-

=z

phyte — CCO) is a well-defined linear density at
the caudolateral surface of of the femoral neck,
indicating osteophyte development at this po-
sition (Figure 10). The Morgan line is a constant
radiographic finding in unstable hips caused by
bone stimulation in the places where the syno-
vial bursa adheres due to increased motility of
the dorsal part of the femur.

The circumferential femoral head osteophyte
(CFHO) denotes osteophyte development at the
articular margin of the femoral head and appears
as a radiopaque (white) line that may or may not
extend completely around the femoral head
(Figure 11).2

) In an unstable joint, the craniolateral rim (cranial
angle) of the acetabulum bears more weight as
a result of which new bone tissue is formatted
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giving the impression of a double rim (Figure 12).
This finding is early evidence of osteoarthritis.

d) The subchondral bone of the cranial part of the

e
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acetabulum normally appears as a curve with
normally increasing density since the pressure
placed on it by the femoral head is evenly dis-
tributed during weight-bearing of the limb. In
the case of a loose hip with femoral head sublux-
ation, the pressure applied to the subchondral
bone is greater and unevenly distributed, result-
ing in a further increase in radiopacity and loss
of its consistency (Figure 13). This variable is of
great diagnostic value, even when the midjoint
space is narrow.”

Periarticular osteophyte formation as degenera-
tive disease evolves.

f) Changes in the morphology of the anatomical

features of the area. The acetabulum, in particu-

Figure 13. Increased radiopacity of the subcortical
bone in the cranial acetabulum (red arrow) in a dog
with HD, in a ventrodorsal radiograph of the pelvis
with the limbs extended.



lar, becomes shallow and its semicircular shape
appears rather semi-elliptical. The femoral head
loses its spherical shape, becomes broader and
sometimes resembles a mushroom. At the same
time, the borders between femoral head and
neck become more vague. The latter thicken
due to new bone formation, while the angle of
its sagittal axis to the anatomical femoral axis
changes (Figure 14).2%

For the frog leg ventrodorsal radiograph of pel-
vis, the animal’s position is the same as the previous
one, with the difference that the hips are abduct-
ed in such a way that the femurs are perpendicu-
lar to the spine, while the other joints of the hind
limbs rest in their normal position without being
held (Figure 15). Several degenerative changes are
evaluated with this projection and mainly include
the presence of osteophytes and/or hypertrophic
round ligament of the femur in the acetabular cav-
ity. In the presence of these tissues, total coverage
of the femoral head by the acetabulum is prevented
as confirmed by the increase in distance between
them‘27,38

The dorsoventral projection of the dorsal ace-
tabular rim is performed with the animal in sternal
recumbency and the hind limbs are pulled cranially
and in contact with the lateral thoracic wall of the
same side (Figure 16). This projection is useful for
the calculation of the slope of the dorsal acetabular
rim (DAR). In normal animals, the dorsal acetabular
rim is clearly outlined, forming an acute angle. The
angle formed by the straight line from the intrarticu-
lar part of the dorsal acetabular rim to the sagittal
axis of the pelvis and the vertical line on the point
the previous lines meet is defined as the dorsal ac-
etabular rim slope and should normally be less than
7.5° (Figure 17). In animals with HD, the projection of
the angle of the dorsal acetabular rim is obtuse and
rounded due to deterioration, and the slope may
even exceed 20°. It should be mentioned that with
this projection, the presence of osteophytes on the
dorsal acetabular rim may be observed.”

For the lateral projection of the pelvis, the ani-
mal is lain on its side. This facilitates assessment
of the lumbosacral part of the spine, and enables
differentiation of HD from other diseases, such as
discospondylitis, spondyloarthritis and disk pro-
lapse, as well as deteriorative lumbosacral stenosis
with or without vertebrae bridging (L7-CX1), which
is often related to the rather painful cauda equina
syndrome.?’

The compression ventrodorsal radiograph of
the pelvis requires the animal to be positioned in
dorsal recumbency, the stifles flexed and the femurs
almost perpendicular to the table. With the use of
special levers (Figure 18), mild adduction force is
applied to the stifles, so as to push each femoral
head into the respective acetabulum. Measurable
variables are obtained by this radiograph as con-

Canine hip dysplasia

Figure 14. Secondary hip
osteoarthritis due to dysplasia in
a dog in ventrodorsal radiograph
of the pelvis with the limbs
extended. Thickening of the
femoral neck is observed. Due to
new bone formation the junction
of femoral head and neck is
indistinct.

Figure 15. Dog positioning for
ventrodorsal projection of the
pelvis with the hips in abduction
and hind limbs in neutral position
(frog-legged).*®

Figure 16. Dog positioning for
dorsoventral projection of the
dorsal acetabular rim.
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Figure 17. The slope of the
dorsal acetabular rim (DAR) in
ventrodorsal radiograph of the
dorsal acetabular rim.

Figure 18. Dog positioning
for compression ventrodorsal
radiograph of the pelvis.

Figure 19. Dog positioning
for distraction ventrodorsal
radiograph of the pelvis.

cerns the contact of the articular surfaces and the
presence of osteophytes in the acetabulum cav-
ity. The Compression Index (Cl) is measured with
this projection and is calculated by the ratio of the
distance between the geometrical centre of the
femoral head and the curving centre of the respec-
tive acetabulum to the length of the femoral head
radius. More specifically, if there is material in the
acetabulum preventing perfect contact with the
femoral head, the projectional centre of the femo-
ral head with the curving centre of the acetabulum
does not coincide. This material consists of either
hypertrophic round ligament implying joint laxity,
or osteophytes indicating osteoarthritis. In a normal
joint, the compression index equals zero. 4

The distraction ventrodorsal radiograph of the
pelvis is performed with the animal positioned
in the same way as previous, with the difference
that a special device is placed between the hind
limbs (Figure 19). This works like a lever, pulling the
femoral head out of the acetabulum in an outward
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direction, while the examiner applies mild adduc-
tion force to the stifles. The Distraction Index (DI) is
calculated with this projection, which is calculated
in the same way as the the previous projection
(Figure 20). The range of the distraction index var-
ies between 0 (perfect contact of the articular sur-
faces) and 1 (perfect luxation), while values DI<0.3
are considered physiological. In this way, the laxity
grade of the hip can be objectively calculated. The
greatest advantage of this method is the fact that
it can be performed early in very young animals (4
months of age), and provide useful information in
terms of prognosis and consequential therapeutic
plan. However, as far as prognosis is concerned, it
should be mentioned that although hip laxity pre-
disposes to secondary deterioration, the frequency
differs between the several dog breeds. For exam-
ple, for German Shepherd Dogs with DI >0.3, the
chances of developing osteoarthritis are five times
greater than those that apply to Rottweiler or Lab-
rador breeds with the same distraction index.23#

> Classification systems of HD

The need for early HD diagnosis even in its milder
forms, which will allow precautionary measures to
be taken and assist selective breeding, has led to
the development of several classification systems
based on radiographic findings. Mainly four systems
are internationally used, as provided by the follow-
ing institutions:

FCl (Fédération Cynologique Internationale),
BVA/KC (British Veterinary Association/The Ken-
nel Club),

= OFA (Orthopedic Foundation for Animals) (www.
offa.org) and

® Pennsylvania University of the USA (www.pen-

Figure 20. Distraction index (DI) of the femoral
head from the acetabulum equals the ratio of the
distance (blue line — D) between the geometrical
centre (red dot) of the femoral head (red circle) and
the curving centre (yellow dot) of the acetabulum
(yellow circle), to the radius length of the femoral
head (green line — R), i.e. DI=D/R. DI is calculated
in distraction ventrodorsal radiograph of the pelvis.



Canine hip dysplasia

A No signs of Hip Dysplasia
- The Norberg angle is about 105°.

- The femoral head and the acetabulum are congruent.

+ The craniolateral acetabular rim appears sharp and slightly rounded.
- The femoral head center is located medially to the dorsal acetabular rim.

+ The joint space is narrow and even.

B Near normal hip joints

- The femoral head and the acetabulum are slightly incongruent and the Norberg angle is about 105°.

or

+ The femoral head and the acetabulum are congruent and the Norberg angle is less than 105°.

C Mild hip dysplasia
The Norberg angle is about 100°.

- The femoral head and the acetabulum are incongruent.
- There is slight flattening of the craniolateral acetabular rim.
- No more than slight signs of osteoarthrosis on the cranial, caudal, or dorsal acetabular edge or on the femoral head and neck may be present.

D Moderate hip dysplasia

- There is obvious incongruity between the femoral head and the acetabulum with subluxation.

- The Norberg angle is slightly more than 90°.

Flattening of the craniolateral rim and/or osteoarthrotic signs are present.

E Severe hip dysplasia

Marked dysplastic changes of the hip joints, such as luxation or distinct subluxation are present.

- The Norberg angle is less than 90°.

- Obvious flattening of the cranial acetabular edge is observed.
Deformation of the femoral head (mushroom shaped, flattening) or other signs of osteoarthrosis are noted.

nhip.org).

The FCl evaluation system has been adopted by at
least 80 countries that include the majority of Eu-
ropean countries, among which are Greece and
Russia, as well as some South American and Asian
countries. The scientific committee of FCI proposes
a five-grade scoring system ranging from A which
reflects a normal hip joint to E indicating severe
hip dysplasia (Table 1). Radiographs of the dogs
should be made at the age of 1-2 years in order to
evaluate the dysplasia grade. The projection used is
the ventrodorsal projection of the pelvis with the
hind limbs extended, as described above. Scoring
is based on the “worse” of the two joints and the
variables evaluated include the Norberg angle, sub-
luxation degree of the hip, shape and thickness of
the subcortical bone of the cranial acetabulum and
femoral neck, shape and size of the craniolateral ac-
etabular rim (Figure 21), and possible evidence of
secondary osteoarthritis of the femur in the region
where the synovial membrane anchors.*

Unfortunately, evaluation according to this system is
not objective because of the high variation between
evaluators. This is the reason why many countries
like Switzerland, which had first adopted this system,
now use several modifications such as the more
“gquantitative” system of Fluckinger (Table 2)#

The BVA/KC system, which is adopted in Great Brit-
ain, Ireland, Australia and New Zealand, is based on
nine radiographic criteria evaluated by three radi-
ologists:

The Norberg angle

The subluxation grade of the hip

The cranial acetabular rim

The dorsal acetabular rim

The craniolateral acetabular rim projection

The acetabular fossa

The caudal acetabular rim

Exostoses on the femoral head and neck

The recontouring of the femoral head
Evalua‘uon of the hips is performed in animals older
than one year of age. The radiograph used is the
ventrodorsal projection of the pelvis with the limbs
extended. All the criteria are scored on a scale of
0 and 6, apart from the caudal acetabular rim for
which the highest score is 5. The score of the right
and left hip are added together in order to obtain

©ONO VA W =
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Figure 21. The anatomical
regions calculated in the

OFA classification system (1.
Craniolateral acetabular rim,
2. Cranial acetabular margin,
3. Femoral head, 4. Fovea
capitus 5. Acetabular noch, 6.
Caudal acetabular rim, 7. Dorsal
acetabular margin, 8. Junction
of femoral head and neck, 9.
Trochanteric fossa)
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Norberg angle

>105°

> 105° but JS wid-
ened slightly  or

< 105° but narrow JS

>100°

>90°

> 80°

< 80°

Relation of FHC and DAR.
Width of Joint Space

FHC: medial to DAR (>2
mm)

JS: narrow

FHC: medial to DAR (1-2
mm)

JS: minimally divergent

FHC: super-imposed on
DAR

JS: Slightly divergent

FHC: lateral to DAR (1-5
mm)

JS: moderate divergent

FHC: lateral to DAR (6-10
mm)

JS: markedly divergent

FHC: lateral to DAR (>10
mm) or

Luxation

Craniolateral
acetabular rim

Parallel to H

Horizontal on
lateral quadrant

Slightly flat-
tened, or mild
exostosis

Moderately flat-
tened, mild ex-
ostosis, two-part
surface

Markedly flat-
tened, moderate
exostosis

DAR absent, ac-
etabulum mark-
edly deformed

Cranial Subchondral
Acetabular Bone

Fine, even

Even

Slightly thickened lat-
erally, slightly reduced
medially

Moderately thickened
laterally, moderately
reduced medially

Markedly thickened
laterally, may not be
present medially

Blending with lateral
pelvic rim or absent

H and N morphol-

Morgan line HD scorin

ogy ) g
H: round, smooth Not visible
N: well demarcated 0
H: round Edged shoulder on
N: poorly demar- view with stifles ab-

i i dri ducted note: smooth 1
cated (cylindrical)

bump not scored

H: slightly flattened  Fine linear spur (up
N: mild exostosis to 1 mm wide) >
H: moderately flat- ~ Well defined spur (up
tened to 3 mm wide)
N: mild exostosis 3
H: moderately flat- ~ Broad irregular spur
tened (>3 mm wide)
A: moderate exos- 4
tosis
H: severely de- Spur incorporated in
formed or superimposed by 5

N: massive exostosis

FHC: femoral head centre, DAR: dorsal acetabular rim, JS: joint space, H: femoral head, N: femoral neck

general exostosis

Figure 22. The chances of a dog
older than 24 months to develop
osteoarthritis, in relation to the
distraction index (DI) at 4 months
of age in dogs of four different
breeds.*
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the total hip score. The higher the score, the worse
the condition of the hips.*

The OFA classification system is mainly used in the
USA and Canada. Evaluation is performed by three
radiology diplomates. The dog should be older than
24 months in order to be examined and receive
certification that no HD is present. Nevertheless, a
prime evaluation can be performed right after four
months of age. Similar to previous systems, the pro-
jection used is the ventrodorsal projection of the
pelvis with the limbs extended. Special interest is
paid to the following anatomical regions (Figure 21):

1. Craniolateral acetabular rim
2. Cranial acetabular margin
3. Femoral head (hip ball)
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m | = labeatke pdeer (1= 2TH) P ‘-_.,.
nttaled dv= 11811 I

Pomuibity of cesigry caenarbom s o an 4 Toe

Ll o1 [ oy L2} oS o8 (=X} (3.} oy I‘U
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4. Fovea capitus (normal flattened area on hip ball)
5. Acetabular noch

6. Caudal acetabular rim

7. Dorsal acetabular margin

8. Junction of femoral head and neck

9. Trochanteric fossa

The diagnostic criteria are the subluxation grade
and degenerative changes of the coxofemoral joint.
Based on these criteria, the animals are classified
into seven categories and display the following:

a) Normal hips: excellent, good and fair hip catego-
ries

b) Dysplastic hips: mild hip dysplasia, moderate hip
dysplasia and severe hip dysplasia categories

) Border line hip dysplasia: evaluation is repeated
after six months to be finally categorised as
moderate or mild hip dysplasia.*®

Penn-HIP (Pennsylvania Hip Improvement Pro-
gram) is a HD evaluation system, with the use of
which both the dysplasia grade and laxity grade
of the coxofemoral joint are assessed. This system
can be used as early as at four months of age, while
three different radiographic projections are used:

a) Ventrodorsal hip-extended radiograph of pelvis

b) Compression ventrodorsal radiograph of the pel-
Vis



¢) Distraction ventrodorsal radiograph of the
pelvis

The coxofemoral joint is evaluated according
to qualitative and quantitative data. Qualita-
tive evaluation is related to the shape of the
joint and the possible presence of deteriora-
tive changes and is assessed with projection
(a). Qualitative evaluation involves calculation
of the compression index (Cl) at projection (b)

and the laxity grade of the joint with calcula-
tion of distraction index (DI) at projection (c).
As a result, subjective evaluation of other sys-
tems can be limited with the use of Penn/HIP,
which provides a more objective and propor-
tional model and emphasizes the early evalu-
ation of future osteoarthritis appearance in
order to assist selective breeding, precaution
in animal management, and possible plan-
ning of therapy (Figure 22).%

Canine hip dysplasia

It is not necessary to perform all the afore-
mentioned imaging techniques during the
process of HD diagnosis. If the practitioner is
aware of the diagnostic value of each, the ap-
propriate modality can be chosen according
to his experience and availability of equip-
ment. Whatever the situation, the differences
in disease expression and findings in relation
to the animal’s age should not be neglected.
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