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ABSTRACT

Hip dysplasia represents the most prevalent non-traumatic disease
leading to lameness in dogs, which subsequently causes secondary joint
pathologies such as arthrosis and arthritis. Diagnosis and selection for
breeding use radiographic evaluation of the ventrodorsal projection of
the hip joint. Early detection and treatment can halt or reverse the disease
progression. In veterinary medicine, various radiological measurements
are applied to evaluate such anatomical abnormalities. These measure-
ments include the Norberg angle, percentage coverage of the femoral
head, and various indices related to the acetabulum and proximal femur.
The differences in measurements between breeds are significant and re-
flect differences in body conformation. Ventrodorsal radiographs are cru-
cial for the diagnosis, screening and monitoring of hip dysplasia. Lack of
reference values for morphometric measurements in dogs highlights the

need for further research.
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INTRODUCTION

joint to severe dysplasia. Even in grade A, some changes

can be observed [30]. The effectiveness of early detection

The most prevalent non-traumatic disease that causes
lameness in dogs is dysplasia of the hip joint. This disease
leads to secondary joint disease, arthrosis, and arthritis,
and clinical signs such as pain and lameness correspond
to this [12]. Many screening procedures use radiographic
evaluation of the ventrodorsal projection of the hip joint
for selection into breeding. To confirm the joint disease,
the Federation Cynologique International (FCI) has given

five different grades from A to E, ranging from normal hip

can be verified by clinical and radiographic observation.
Early identification and appropriate treatment have the
potential to halt and even reverse the progression of the
disease, thereby altering its pathogenesis [44].

In human pediatric medicine, various radiological
measurements play a key role in cases that require surgical
intervention. These measurements help human physicians
assess the development of the acetabulum and its compat-

ibility with the femoral head. By measuring various dis-



tances and angles on these images, it is possible to gain a
detailed view of the development of the acetabulum and
its relationship to the femoral head [27, 42]. This approach
is not limited to human medicine but is equally applicable
to veterinary medicine. While many aspects related to the
proximal femur and acetabulum have been investigated
in humans, research on these measurements in dogs has
focused primarily on the Norberg angle, inclination, and
anteversion angle [35]. It has been found that not only
breed, but also the sex and body weight of the patient are
important factors when measuring acetabular parameters
[15].

In dogs, ventrodorsal radiographs of dysplastic hip
joints may show abnormalities of the acetabulum, proxi-
mal femur, or a combination [22, 31]. Anatomic variations
in the angle of inclination, anteversion, and instability
or subluxation of the hip joint lead to an increase in the
magnitude and changes in the direction of the force exert-
ed on this joint. These changes in biomechanical balance
cause increased muscle and ligament tension, as well as in-
creased loading on articular cartilage [45]. This can lead to
abnormal growth, reduction of the articular weight-bear-
ing surface, cartilage overload, and the development of os-
teoarthritis [22, 45].
of the hip joint are loaded inhomogeneously. It has been

Nevertheless, the articular surfaces

shown that the healthy canine hip joint is physiologically
incongruent [21].

Anatomy of the hip joint

The hip joint, also known as the coxofemoral joint is
diarthrodial [3] consisting of the femoral head and ace-
tabulum of the pelvis. The normal anatomical relationship
between the acetabulum and femoral head provides sta-
bility and functionality of the joint. These structures are
optimally developed in healthy dogs and provide an even
load distribution [18]. The articular surfaces of the femoral
head and acetabulum are almost identical in terms of sur-
face area and radius of curvature [3]. The space, which is
located between the ilium and the ischium, forms the base
of the acetabulum. It begins to ossify 6—8 weeks after birth
and facilitates fusion of the pelvic bones at this junction.
Occasionally, a smaller os coxa quartum, which represents
the apophysis, may develop, especially in dogs of larger
breeds. The iliac bones fuse with the sacrum and femur
and eventually fuse at the pubic symphysis [18]. It is fur-

ther divided into the ventromedial fossa of the acetabulum,

where the ligament of teres, also called the round ligament
or ligament of the femoral head, exits. The articular carti-
lage makes up approximately two-thirds of the entire sur-
face and is located dorsomedially. In animals, the femoral
head and neck are inclined to the femoral diaphysis at an
angle of 130-145 degrees and, in addition, are rotated an-
teriorly by 12—40 degrees [3].

Radiographic evaluation

X-rays have been essential in diagnostics of hip dys-
plasia since 1935 when dysplasia was first reported [5].
Using radiographic evaluation methods, various screening
and breeding control programs have been developed to
address the widespread occurrence of dysplasia in dogs.
There is a need to quickly and accurately identify diseased
animals so that selective breeding can be implemented [3].
Radiographs allow detailed visualization of the hip joint,
assisting in the assessment of acetabulum development
and femoral head position. Different X-ray projections
provide different views of the hip joint, allowing for com-
prehensive evaluation and screening of patients for hip
dysplasia. These projections help in identifying abnormal-
ities, treatment planning and monitoring the progression or
improvement of the condition [5].

Radiographic images of the pelvis include various
positions. The lateral position is used as a routine pelvic
image and is also useful for assessing hip luxations [4].
The extended ventrodorsal position is commonly used to
evaluate the hip joints, but it is also valuable for visual-
izing degenerative changes and assessing femoral head
overlap [4]. The frog position, a flexed ventrodorsal posi-
tion, helps measure acetabulum depth, check the fit of the
femoral head, and identify minor fractures of the femoral
head and neck. The dorsal acetabular rim view position, a
dorsoventral position with flexed hips, is used to assess ac-
etabular depth and hip laxity. Lastly, the PennHIP position
involves a series of stretched, compressed, and distracted
dorsoventral positions using a specific distraction device
to evaluate hip laxity. Special PennHIP training and certifi-
cation are required, and images are submitted for PennHIP
evaluation [26].

There is a paucity or absence of published research
providing reference values for primary morphometric
measurements of the hip joint in dogs that are of biome-
chanical significance and can be obtained via radiograph-

ic examination [22]. Significant differences between dog



breeds have been observed, particularly due to the distinct

body structures that characterize each breed [28, 34].

Fig. 1. Extended ventrodorsal position. The dog is reclining in a
supine position with its knee joints and hind limbs fully extended,
resulting in internal rotation of the knee joints (with the patella in

a central position and the femoral condyles of equal size).

7

Fig. 2. Frog position. The dog is lying on its back with its hind legs
bent outwards; the pelvis should be in a straight position; there
should be no strain on the hip joint compared to the traditional

ventrodorsal position.

Changes observed in the acetabulum

Acetabular index of depth to width — this measurement
assesses the depth of the acetabulum [7]. St. Bernard and
Bernese Mountain Dogs had the greatest relative acetabu-
lar depth, while Boxers and Labrador Retrievers had the
shallowest and most open acetabulum. German Shepherds
and Rottweilers had a slightly deeper and less open acetab-
ulum than these breeds [35, 37]. In a study of Maltese and
Shih-Tzu dogs, the acetabular index did not depend on any
factor - age, sex, and breed [15].

Acetabular width (AW) is the distance measured from
the acetabulum’s lateral superior margin to the acetabu-
lum’s inferior margin [10]. Male Labrador Retriever dogs
younger than 6 months of age tend to have higher AW val-
ues in cases of bilateral hip dysplasia compared to female
dogs [17]. Similarly, these values were also higher in male
Sivas Kangal dogs [34]. In addition, AW values were sig-
nificantly elevated in cases of bilateral hip dysplasia [17].
In the study, AW measurements in Maltese and Shih-Tzu
dogs were influenced by breed, sex, and body weight but
not age. Male Shih-Tzu dogs showed higher AW values
than Maltese [15].

Acetabular angle (AA) measures the inclination of the
cranial margin of the acetabulum [25]. AA remains con-
sistent despite pelvic rotation, tilt, and age. In cases of
canine hip dysplasia (CHD), AA is significantly increased
[17], and dogs that have an acetabular angle index great-
er than nine degrees should be excluded from breeding
groups to limit the number of offspring affected by CHD
[25]. Specifically, in cases where CHD was bilateral, AA
was significantly higher compared to cases where CHD
was unilateral. Furthermore, among dogs with bilateral
CHD, males showed significantly higher AA values com-
pared to females [17].

External acetabular angle (EAA) is derived from the
horizontal to it’s external angle (HTE) and reflects the ori-
entation of the roof of the acetabulum in the coronal plane.
In healthy individuals, the HTE angle is usually 10° or
less, but higher angles are common in cases of acetabular
dysplasia [34].

The acetabular angle of retrotorsion (AAR) is an indi-
cator of hip abnormality. It is a measurement of the depth
of the acetabulum itself by connecting the point where the
cranial and dorsal margins of the acetabulum meet with
the maximum caudal extension of the acetabular notch. An
AAR of 15° to 18° is considered typical for the hip joint.



The range of AAR values in the study for Leonberger’s
patellofemoral joint was 8° to 23° [8].

Acetabulum head index (AHI) measures the proportion
of the femoral head surface that covers the acetabulum.
Typical head coverage ranges from 70 % to 90 %, with an
average of 90 % [9, 34]. In a group of dogs with a healthy
hip joint, the AHI was significantly higher in males [17].

In addition to traditional ventrodorsal (VD) imaging,
dorsal acetabular rim imaging of the acetabular rim and
weight-bearing region of the acetabulum can also be used
to assess the acetabular joint. This view is useful in the

radiographic evaluation of hip dysplasia in dogs [23].

Changes observed in the femur

Femoral neck length and width (FNL and FNW) —
FNL is determined as the distance between the centre of
the femoral head and the centre of the base of the femoral
neck, as previously determined to measure the cervicodia-
physeal angle. In an X-ray study on 82 femurs of different
breeds of dogs, an average femoral neck length of 18.7
mm was found [28]. Measurements of head and femoral
neck dimensions in humans were conducted, resulting in
the derivation of the head and neck index. This index eval-
uates the general deformity of the proximal femur, particu-
larly in relation to avascular necrosis with metaphyseal
involvement. The typical value of this index in human
anatomy is around 100 mm. A lower quotient indicates a
higher degree of deformity compared to the opposite side
of the hip joint [34, 42].

The neck-shaft angle (NSA) and the angle of femoral
neck anteversion (FAV) are key assessments of the proxi-
mal femur. These measurements are extremely important
when considering surgical intervention for hip dysplasia.
The NSA reflects the relationship between the femoral
neck and the shaft, while the FAV indicates the degree of
femoral neck rotation. Cervico-diaphyseal angle is often
used as a synonym for NSA, which also describes the an-
gle between the axis of the femoral neck and the axis of
the femoral diaphysis. In the study by Montavon et
al. [24] values of 140.5° to 156.5° were measured. In the
astudy by Palierne on a diverse sample of dogs,
the mean value of this angle was measured to be 140.9°,
with a minimum value of 130.0° and a maximum value of
154.0° [28]. In another study by Kara etal. on a sam-
ple of healthy femurs of different breeds, the values were

146.24°, with bitches showing a smaller value than dogs

[16]. In a sample of 8 dogs of medium to large breeds, the
mean value was 129.6° [36]. Computed tomography meas-
urements for medium to large breed dogs showed a mean
femoral neck angle (FNA) of 147.50° [1].

Hip axis length (HAL) is the distance measured along
the axis of the femoral neck, starting from the base of the
greater tuberosity and extending to the inner edge of the
pelvic bone. This measurement helps in assessing the ge-
ometry of the hip joint [11]. This value has greater sensi-
tivity and specificity than bone mineral density for predict-
ing fracture risk. This means that HAL is a more reliable
predictor of fracture risk compared to conventional bone
quality measurements [34]. HAL values were significantly
higher in CHD, especially in male Sivas Kangal dogs [17,
35].

The mean FSC values of the femoral shaft cortex width
were higher in the group of healthy males compared to the
female group. However, in the group of dogs diagnosed
with hip dysplasia, the trend was reversed with females
showing significantly higher FSC values compared to
males [17].

Trochanteric width (TW): there is a difference in TW
values between males and females depending on their hip
health status. Among dogs with healthy hip joints, males
had significantly higher TW values compared to females
[17, 35]. However, in cases of CHD in dogs, the trend was
reversed, with females showing significantly higher TW
values compared to males [17].

Femoral Inclination Angle (FIA) is crucial for the
load transfer from the femur to the acetabulum. The im-
portance of this angle lies in its role in determining how
weight and forces are distributed in the hip joint, which is
particularly important in conditions where joint stability is
compromised [35]. A modified method based on the sym-
metrical axis, developedby Rumph and Hathcock,
is used to plot the femoral neck and proximal femur axes.
One circle is placed exactly at the femoral head. The oth-
er three circles are placed in the femoral neck, proximal,
and medial femur so that they touch the border of the sil-
houette. Straight lines are drawn between the centres of
these circles to draw the axis of the neck and the axis of
the proximal femur [32, 35]. Inastudy by Sarierler,
there were no significant overall differences in the an-
gles of inclination between dysplastic and non-dysplastic
dogs, but some breed-specific differences were observed.

Specifically, Labrador Retriever and Doberman Pinscher,



Anatolian Carabash, Doberman, Labrador and Sivas Kan-
gal, Irish Setter, Golden Retriever, and German Shepherd
showed significant inter-breed differences. In addition,
analysis of femoral inclination angles in relation to age and
sex revealed no significant differences between males and
females or between younger and older dogs [31]. Higher
FIA values were observed in congenital hip dysplasia [35].
This was confirmed in a study where the preoperative FIA
in dysplastic breeds was 127.6° [29] as well as in a study
by Madsen and Svalastoga [20]. The FIA was
significantly higher in dogs with a healthy hip joint. In
CHD, males had higher FIA values [17]. The association
between FIA and femoral neck anteversion was confirmed.
Additionally, dogs with a steep inclination angle had sig-
nificantly greater femoral neck anteversion compared to
dogs with a less steep inclination angle [20].

Percentage coverage of the femoral head (PC) is an-
other indicator used to assess the hip joint. The hip joint
is considered normal if the acetabulum covers 50 % or
more of the femoral head [40]. In a group of dogs with
dysplastic hips, the value was 36.9 [29]. PC varies signifi-
cantly depending on gender and the presence of unilateral
hip dysplasia. In dogs with healthy hip joints, males had
significantly higher PC values compared to females. Con-
versely, in cases of unilateral CHD, female dogs showed
significantly higher PC values compared to males [17]. PC
ranged from 6.5 % to 79.9 % for Labrador Retrievers, from
5.7 % to 79.5 % for Rottweilers, from 8.3 % to 79.3 % for
Golden Retrievers, and from 5.4 % to 83.7 % for German
Shepherds [40].

Norberg angle (NA)

NA is defined by two straight lines emanating from the
center of the femoral head. The first line is tangential to the
craniolateral margin of the acetabulum and the second line
connects the midpoints of the contralateral femoral heads
[23]. NA greater than 105° is usually considered normal
and indicates a stable hip joint. Angles less than 105° in-
dicate hip laxity, characteristic of hip dysplasia, when the
femoral head is not well seated in the acetabulum, sug-
gesting potential instability or abnormal development of
the hip joint [5]. This was confirmed in a study where dys-
plastic dog breeds had an NA value of 78.9° [29]. A certain
NA value (e.g. 105°) may indicate high-quality (tight) hip
joints in one breed, but lower-quality (looser) hip joints in

another breed. Therefore, it is recommended to evaluate

the NA of the hip joints of a particular dog as a percentage
rating compared to the NA of other dogs of the same breed.
This provides a more accurate picture of the quality of a
particular dog’s hip joints within its breed [6]. NA ranged
between 67.4° and 124.4° for Labrador Retrievers, 59.7°
and 128.6° for Rottweilers, 70.2° and 119.4° for Golden
Retrievers, and 55.3° and 121.3° for German Shepherds
[40]. In a study for the Leonberger breed, a range of NA
from 82° to 120° was found [8].

Distraction Index (DI) and Subluxation Index (SI)

Distraction index (DI) and subluxation index (SI) are
used to measure hip laxity using ventrodorsal distraction
imaging, which is performed when a special distractor is
used to separate the femoral head from the acetabulum.
DI provides an accurate numerical determination of laxity
and is part of the PennHIP method, which is performed un-
der general anesthesia or deep sedation. This test includes
three different views of the hip joint: a standard ventro-
dorsal image to detect osteoarthritis and compression and
distraction images to calculate DI [13]. Unlike qualitative
assessment methods that use descriptive ratings (e.g., ex-
cellent, good, fair), the PennHIP provides quantitative data
on joint laxity [38].

A significant advantage of the PennHIP method is that
it allows for reliable assessment of young dogs as young as
16 weeks and accurately predicts the risk of developing os-
teoarthritis later in life [13]. In studies on American Bull-
dogs, Bernese Mountain Dogs, Newfoundland dogs, and
Standard Poodles, DI was the most significant predictor
for the development of osteoarthritic changes associated
with hip dysplasia, with weight and age of the dogs also
playing a significant role [33].

Other studies, such as those of Taroni et al. and
Klever etal, revealed that dogs classified as phe-
notypically normal by the Orthopedic Foundation for
Animal (OFA) or FCI may have exhibited significant hip
laxity that was detected by distraction radiography. These
results suggest that traditional OFA or FCI scoring based
on standard ventrodorsal radiographs may underestimate
the risk of osteoarthritis [39, 19]. A study found that even
phenotypically healthy dogs by OFA may have significant
joint laxity as detected by DI, which has been shown to
be a more effective tool for identifying hip dysplasia than
the NA. Thus, DI may be a valuable adjunct to standard
scoring in hip dysplasia screening. These findings high-



light that current methods may slow progress in dysplasia

reduction through breeding [39].

CONCLUSIONS

The evaluation of the morphometric parameters of the
hip joint in the dog is usually focused on the evaluation of
the radiological parameters of the proximal femur and ace-
tabulum. There are many publications that track changes in
the acetabulum and proximal femur; however, significant
differences in the tracking of these radiological parameters
can be observed within individual studies. These differ-
ences often result from a variety of methods for assessing
and interpreting measured data, underscoring the need for
standardized procedures for monitoring these key aspects
of the hip joint. For surgeries such as hip replacement, sur-
geons should consider breed-specific acetabular values to
achieve optimal results. Nevertheless, further research is
needed to see if there is a correlation between these pa-
rameters and various hip disorders, as most of the research

done so far has been done on a small number of cases.
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