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Abstract

Background Canine hip dysplasia is a common orthopedic disease in veterinary practice. The diagnosis is made

by radiographic examinations that evaluate bone alterations associated with hip dysplasia. Although radiographic
examination is the gold standard for diagnosis, it does not allow a detailed evaluation of soft tissues such as the joint
capsule and periarticular muscles. This study aimed to evaluate the accuracy of B-mode ultrasonography and acoustic
radiation force impulse (ARFI) elastography in assessing the joint capsule and periarticular muscles of dogs using the
Orthopedic Foundation of Animals (OFA) classification and the distraction index (DI) in the early and late diagnosis of
hip dysplasia. This study sought to propose a protocol for the ultrasonographic evaluation of the structures involved
in canine hip dysplasia.

Methods Radiographic and ultrasonographic evaluations were performed on 108 hip joints of 54 dogs. Thirty dogs
were older than 2 years and 24 were aged between 4 and 10 months.

Results It was verified that an increase in pectineus muscle stiffness (cutoff value > 2.77 m/s) by elastography

in some dysplastic dogs and an increase in the thickness of the joint capsule (cutoff value > 0.9 mm) in B-mode
ultrasonography, were associated with a distraction index > 0.5, with both having a positive correlation. In B-mode
ultrasonographic evaluation, the presence of signs of degenerative joint disease, such as irregularities of the cranial
edge of the acetabulum and femoral head, were associated with a distraction index>0.5 in canines, with a specificity
of 94%. In adult dogs, the findings of degenerative joint disease on ultrasound were associated with a diseased OFA
classification (P <0.05). Measurement of the joint capsule > 1.10 mm was diagnostic for dysplasia in unhealthy dogs by
OFA.
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Conclusions ARFI elastography has shown that the pectineus muscle may experience changes in stiffness in
dysplastic animals. Additionally, changes in joint capsule thickness can be identified in B-mode in young and adult
dogs with dysplastic joints, which contributes to the diagnosis of hip dysplasia.

Keywords Canine, Canine hip dysplasia, Hip laxity, Ultrasonography, Acoustic radiation force impulse

Background

Canine hip dysplasia (CHD) is a progressive disease char-
acterized by joint instability caused by the malforma-
tion of the hip joint [1]. It occurs under the influence of
hereditary and environmental factors [2, 3] and is more
prevalent in medium- and large-sized dog breeds [4, 5].
Affected animals may show clinical signs, such as lame-
ness of the hind limbs, exercise intolerance, bunny hop-
ping gait, and muscular atrophy [6].

Radiographic examination of the hip is the gold stan-
dard for diagnosing dysplasia [5, 7, 8]. Numerous radio-
graphic approaches can be employed to assist in the
investigation of secondary disease [9]. Extended hip pro-
jections are used by the Orthopedic Foundation for Ani-
mals (OFA) to assess bone changes associated with hip
dysplasia in dogs>24 months of age [9, 10]. Currently,
phenotypic screenings focus on an alternative method-
ology for joint laxity [11]. Among them, the PennHip,
developed at the University of Pennsylvania, stands out
as an accepted and validated approach [12] for immature
animals aged 16 weeks or more that evaluates the index
of joint distraction [13, 14].

For hip movement to occur, periarticular muscles must
be activated to facilitate joint stability [15]; however, the
role of periarticular muscles in the pathogenesis of hip
dysplasia is still poorly understood. We hypothesize that
in animals with hip dysplasia it is possible to verify the
increase in tissue resistance of the main muscles respon-
sible for hip mobility. In medicine, ultrasound evaluation
of the hip has been used since 1980, when it was first
developed by Graf with the objective of identifying insta-
bilities in the hip joints of newborn children [16]. In vet-
erinary medicine, a similar technique has been described
in dogs, but so far the results have been inconsistent
with the development of dysplasia in adult dogs [17]. We
believe that the anatomical conformation and biome-
chanics of the hips in dogs is a fundamental factor for the
divergence of results. In addition, the angles established
for the evaluation may be different for each breed, and
breed standardization is important to better direct the
ultrasound measurements in this technique.

Acoustic radiation force impulse (ARFI) elastography
is an ultrasonographic technique that allows quantita-
tive and qualitative measurement of changes in tissue
stiffness [18—20] by evaluating deformation according to
Hooke’s law. In general, elastography can be used to dif-
ferentiate affected tissue (with morphostructural altera-
tions) from normal tissue [21]. This technique has been

explored for several clinical purposes and introduced
into medical diagnostic routines for specific uses, such
as the evaluation of liver transplantation in humans [22],
splenic alterations [20], and characterization of mam-
mary lesions in dogs [23, 24].

Regarding the changes correlated with hip dysplasia,
few studies have demonstrated the applicability of ARFI
elastography as a diagnostic aid. In a preliminary study
comparing the pectineus muscles of non-dysplastic and
dysplastic dogs, it was found that dysplastic dogs have
greater pectineus muscle stiffness (3.49+1.00 m/s) than
non-dysplastic dogs (2.411+0.59 m/s), demonstrating that
there is an overload on the inner muscles of the hip, mak-
ing it less elastic in dysplastic dogs [25].

Considering the possibility of an early diagnosis of
CHD with the aid of ultrasonography, this study aimed
to evaluate the joint capsule and periarticular muscles of
the hip in dysplastic and non-dysplastic dogs using the
ARFI elastography technique and B-mode ultrasonog-
raphy by determining the predictive values of changes
in tissue elasticity and thickness of the joint capsule. We
correlated these evaluations with radiographic findings of
the hip assessed through the distraction index (DI) and
the Orthopedic Foundation of Animals (OFA) classifica-
tion, in order to determine the applicability of ultrasound
methods in the diagnosis and screening of hip dysplasia.

Results

A total of 108 hip joints of 54 dogs were evaluated. Dogs
were separated into groups of young and adult animals.
Twenty-four dogs aged between 4 and 10 months were
included in the group of young animals. The average
age of these animals was 7.29 months+2.18 with a mean
weight of 20.08+6.16 kg. Thirty dogs aged >2 years were
included in the group of adult animals. In this group, the
average age was 5.38 years+2.99 with an average weight
of 34.31£7.05 kg.

Radiographic findings - distraction index (DI)

The distraction index was used only in the group of young
dogs. DI was the gold standard for assessing joint laxity.
Seventeen joints were graded as non-dysplastic (DI<0.5)
with a mean of 0.42+0.12, while 31 joints were scored as
dysplastic (DI>0.5), with a mean of 0.84+0.17. Patients
with a DI<0.5 had a mean age of 7.41 months+2.43 and
a mean weight of 17.49 kg+3.76. Patients with a DI>0.5
had a mean age of 7.23 months+2.03 and a mean weight
of 21.49 kg +6.70.
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Radiographic findings - orthopedic foundation for animals
(OFA)

The OFA assessment was used only in the group of adult
dogs. The OFA assessment criteria were used as the gold
standard for determining whether a dog’s joint was non-
dysplastic or dysplastic due to changes in degenerative
joint disease secondary to hip dysplasia.

Twenty-nine joints were considered non-dysplastic
(£3), and 28 were classified as dysplastic (=5) based on
the agreement of at least two raters. Three joints were
discarded because there was no agreement between the
non-dysplastic and dysplastic classifications by at least
two radiologists and these joints were not reassessed
after 6 months and were not included in the assessment.
The animals that were scored as non-dysplastic and dys-
plastic by two or three evaluators had an average grade to
guide the statistical tests.

Non-dysplastic dogs had a mean age of 5.17+3.45 years
and a mean weight of 34.65+6.97 kg. The dysplastic dogs
had a mean age of 5.54+2.39 years and a mean weight of
35.15+5.64 kg.

B-mode ultrasound

Ultrasound examination was performed on all dogs.
In the group of young animals, bone irregularity of the
cranial acetabular rim and femoral head were associ-
ated with joints with a distraction index>0.5 (P=0.009).
All joints with sonographic changes (n=10) were radio-
graphically classified as diseased (DI>0.5) (Fig. 1). In
adult animals, bone irregularities were also associated
with diseased hips classified by OFA (P=0.001) (Fig. 1).
The mean, standard deviation, prevalence, sensitivity,
specificity, positive predictive values, and negative pre-
dictive values are all shown in Table 1.

Measuring the thickness of the joint capsule in young
animals was a diagnostic feature (Fig. 2) (P <0.0001), with
a cut-off point>0.9 mm as an indication of joint laxity
(DI>0.5) showing 70.6% sensitivity, 83.9% specificity, an
area under the curve (AUC) of 85.2%, and an odds ratio
(OR) of 4.6 with both correlated variables showing a pos-
itive correlation (0.79) (Table 2).

In adult animals as well as in puppies, measuring cap-
sular thickness simplifies the diagnosis into non-dysplas-
tic and dysplastic animals when compared to the OFA
classification that uses a cutoff point of >1.10 mm as an
indication of dysplastic animals. Furthermore, a positive
correlation exists between these two variables (0.63). The
sensitivity, specificity, AUC, and OR values are shown in
Table 3.

During the evaluation of echotexture and echogenicity
of the muscle structures, no changes were found in
Group 1. Furthermore, only the pectineus muscle dem-
onstrated hyperechogenic areas with changes in the
echotexture of the muscle fascicles and changes in the

Table 1 Findings of bone alterations by B-mode ultrasonography compared to DI in dogs between four and 10 months old (puppies) and animals older than 2 years old (adults)

NVP (%)

Prev Se (%) Sp (%) PPV (%)

P-value

95% CI
Sick

95% CI

mean +SP Sick

mean + SP Healthy

Ne Sick Hips

Ne. Healthy Hips

Evaluation

Healthy

0.72-1.03 0.009 65 29 94 90 42
0.001 45 79 70

0.56-0.72
2.98-4.07

0.87+0.19

0.64+0.24
352+1.54

10
20

38

Puppy dogs
Adult dogs

57

52

4.45-5.92

519+£1.82

DI - distraction index; N°. - number; SD - standard deviation; Cl - confidence interval; Prev - prevalence; Se - sensitivity; SP - specificity; PPV - positive predictive value; NPV - negative predictive value.
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Fig. 1 B-mode ultrasonography images of the hip joint in puppies (between 4 and 10 months) (a, b and ¢) and adult (=2 years) (d, e and f) canine pa-
tients. Note the absence of ultrasonographic changes in (a) and (d) the acetabular cranial rim (white arrow and dotted white arrow) and femoral head
(red arrow and dotted red arrow). In (b), (e) and (f) bone irregularities are present on the cranial edge of the acetabulum (blue arrow, dotted blue arrow
and dotted pink arrow). Images in (c) and (f) demonstrate an irregularity in the femoral head (yellow arrow)

perimysium in the five joints of adult patients who were
classified as dysplastic patients by OFA (Fig. 3).

ARFI elastography

ARFI elastography was performed on all dogs. In the
quantitative elastographic study, greater stiffness was
observed only in the pectineus muscle of young animals
(P=0.048) joints with a DI>0.5 (3.65+1.37 m/s) in rela-
tion to the hips with a DI<0.5 (3.01£0.70 m/s). How-
ever, this was not indicative of hip dysplasia (P=0.20). No
associations were observed between the shear velocity of
the other muscle structures and the joint capsule with DI
on elastography (P>0.05) (Table 2).

In adult animals (=2 years old), no statistical difference
was found between ARFI elastography and the periar-
ticular structures of non-dysplastic and dysplastic dogs
(Table 3).

Discussion

The present study provides unprecedented information
regarding sonographic findings of the articular and peri-
articular structures of the hip joint in canine patients with
and without CHD evaluated using the joint distraction
method and OFA. In addition, the established ultrasound
evaluation protocol may contribute to the investigation
of dysplasia in puppies, between 4 months to 10 months
old, and adults due to the diagnostic characteristics
established by changes in joint capsule thickness.

Although the gold standard of CHD diagnosis is radio-
graphic examination [8, 10], the results of this study dem-
onstrated that ultrasonographic evaluation can be used
as a screening method and diagnostic aid for CHD and
that the association of both imaging methods can bring
greater accuracy in disease investigation.

In medicine, ultrasound of the hip joint is utilized to
guide the diagnosis of developmental dysplasia of the hip
(DDH) in newborns using the Graff methodology [26].
Fischer et al. [17] attempted to apply this methodology
in dogs under 50 days old but were unable to obtain a
correlation with dysplasia. There is a lack of studies pro-
viding diagnostic information for CHD in puppies and
adults using the ultrasound approach. This study found
that capsule thickness was associated with diseased ani-
mals, allowing for determination of its diagnostic value
when correlated with radiographic evaluation by DI and
OFA in dogs between 4 and 10 months of age and adults
(=2 years), respectively. This association can be explained
by the fact that CHD generates joint laxity [3], which
intensifies the stress suffered by the joint capsule over
time and is compatible with the degeneration of joint
structures. We suggest conducting new ultrasound stud-
ies with newborn dogs that prospectively study the joint
capsule to better identify early alterations in soft tissues
that may be correlated with CHD.

A report suggested that capsule thickening is pro-
gressive, as inflammatory factors are still present in the
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Table 2 Results of joint capsule thickness by B-mode ultrasonography and ARFI elastography of hip periarticular structures compared to distraction index (D) in puppies aged

between four and 10 months

Structures

Cor.

AUC (%) Odds

Sp (%)

Cutoff Se (%)

(mm)

SWV (m/s) P-value P- diagnosis

SWV (m/s)

Thic. (mm)
mean +£DP
(DI>0.5)

Thic. (mm)
mean+DP
(DI<0.5)

Ratio

mean+DP
(D1>0.5)

mean £DP
(DI<0.5)

0.79

83.90 85.2 46

70.6

>09

<0.0001

1.70+0.75

0.89+0.57

Capsule Thickness

Caspule

0.82
0.61
0.84
0.04
0.68
0.89

499+0.77

505+0.79
260+053

2.51£0.60
3.38+0.66
365137

Gluteus medius
Vastus lateralis
Pectineus

342+0.50
3.01£0.70
248+042

0.32

1.82

41.2 774

>277

0.20

(2023) 19:181

2.54+047

Gracile

1.92+036
243+£043

1.93+033
2.58+047

Adductor

0.30

Rectus femoris

Thic - thickness; SWV - shear wave velocity; SD - Standard deviation; DI - distraction index; Se - sensitivity; Sp - specificity; AUC - area under the curve; Cor - correlation
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diseased joint [27], which contributes to changes in joint
structures. Furthermore, the cut-off point for young dogs
was lower than that for adults, with a positive correlation
between the variables.

The OFA grading method may underestimate osteoar-
thritis in adult dogs compared to the distraction index
method [28]. It is important to interpret capsule findings
and bone alterations because these structural changes
may be correlated with animals having less joint laxity in
adulthood, which highlights the usefulness of ultrasound
diagnosis by the distraction index. Therefore, we believe
that ultrasonography can be used as an auxiliary method
in diagnosing hip dysplasia, especially in borderline cases
or when there is disagreement among raters using the
OFA scale.

In our study, three joints were discarded and not reas-
sessed after six months for definitive diagnosis of CHD
by OFA. However, using the capsule thickness, the
joints could be classified as dysplastic or non-dysplastic,
eliminating the need for new radiographic examina-
tions, reducing radiation exposure and anesthetic risk to
patients. By considering the capsular biological changes
in the face of dysplasia, veterinarians can associate imag-
ing methods in borderline animals, providing greater
certainty to the diagnosis and decision-making in the
reproductive management.

Although a statistical analysis of the echotexture and
echogenicity evaluations was not carried out due to the
subjectivity of the evaluation and the limited sample size,
the ultrasonographic evaluation of the pectineus muscle
is important for the therapeutic approach, as there is a
positive correlation between the presence of muscular
fibrosis and hip dysplasia [29]. This muscle plays a funda-
mental role in the biomechanics of the hip [15], justifying
the change in the pattern of the identified fibers seen in B
mode ultrasound in some patients in this study.

ARFI elastography has provided important information
about the morphostructural behavior of tissues, making
it possible to differentiate healthy structures from dis-
eased ones in dogs through variations in tissue stiffness
[18-20]. Although this study failed to obtain diagnostic
results with elastography for CHD in joint and periartic-
ular structures, it was possible to identify changes in the
elasticity of the pectineus muscle between non-dysplastic
and dysplastic young animals. The change in the rigidity
of the pectineus in dogs has already been correlated with
dysplasia in adult dogs [25], but based on our findings,
we believe that the pectineus is not the main structure of
the hip that is compromised by CHD, but rather the joint
capsule, as it is the main structure responsible for the sta-
bilization and movement of the hip joint [30].

In this study, no difference was found in the elasticity
of the joint capsule using the ARFI method between non-
dysplastic and dysplastic animals. The authors believe
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Fig. 2 B-mode ultrasonography images of the measurement of the joint capsule of the hip joint of a (a) non-dysplastic (b) and dysplastic puppy. In (a)
and (b), note the femoral head (white arrow), the cranial edge of the acetabulum (red arrow), and the measured joint capsule (yellow line). Note in (a) the
capsule of a non-dysplastic joint (DI < 0.5) measuring 0.5 mm and in (b) the capsule of a diseased joint (DI>0.5) measuring 2.5 mm

that this may be related to the size of the caliper used to
obtain the shear wave velocity (SWV) results, since the
capsule is a small structure, and the area of interest may
have approached structures adjacent to the capsular eval-
uation, overestimating or underestimating the results.
Therefore, histopathological studies of the joint capsule
should be encouraged to assess structural changes in
dysplastic dogs, in order to provide more concrete infor-
mation about the interference of CHD in the capsular
structure.

In this study, we demonstrated the importance of eval-
uating the articular and periarticular structures in dogs,
proving that ultrasonography can help in the screen-
ing and diagnosis of CHD and allowing for the prompt
treatment of dysplastic animals. In addition, ultrasound
examination is a painless, non-invasive procedure that
does not require sedation, which provides greater safety
to patients.

This study has limitations, among which is the difficulty
we encountered in performing homogeneous sampling
(weight, sex, breed, and age) between the groups, which
could have changed the characteristics of the joint and
periarticular structures and may have interfered with the
elastography values. In addition, some elastography val-
ues may have overlapped, such as the pectineus elasticity
findings in young animals, which may be related to the
study’s inability to diagnose changes in tissue elasticity
using the ARFI method in patients with hip dysplasia.

Conclusions

ARFI elastography has shown that the pectineus muscle
may experience changes in stiffness in dysplastic animals.
Additionally, changes in joint capsule thickness can be
identified in B-mode in young and adult dogs with dys-
plastic joints, which contributes to the diagnosis of hip
dysplasia.

Methods

Experimental design and animals

This study was carried out according to the ARRIVE
guidelines 2.0 (2020). Data were collected prospectively
between August 2020 and March 2022. Dogs of differ-
ent breeds and ages from the hospital routine, with or
without a history of hip dysplasia, were included. The
animals were divided into two groups: Group 1 consisted
of young dogs aged between 4 and 10 months weighing
more than 10 kg, and Group 2 consisted of adult animals
aged>2 years and weighing more than 15 kg. All patients
were previously evaluated by the small animal orthopedic
service available in the veterinary hospital of the institu-
tion, in order to exclude animals with other orthopedic
morbidities from the evaluation.

Radiographic examination
All dogs were clinically evaluated and blood samples
were collected for laboratorial evaluation (complete
blood count, albumin, creatinine, and alkaline phospha-
tase) before the radiographic study. Patients with changes
in clinical or laboratory test results were excluded from
the evaluation. All dogs were sedated for radiographic
examination. In both groups, the animals received
acepromazine (0.02 mg/kg), butorphanol (0.3 mg/kg) and
midazolam (0.2 mg/kg) intramuscularly. After ten min-
utes, venoclysis was performed with a 22 g catheter and,
when necessary, an intravenous bolus of propofol was
administered. Throughout the anesthetic procedure, the
animals were monitored with pulse oximetry and vascu-
lar Doppler and received 100% oxygen via a face mask.
Radiographic examinations were performed with a
conventional radiography device (RG150/100gl, Sie-
mens®, Munich, Germany). Images were obtained in a
cassette digitalization (imaging plate, AGFA-Gevaert
N.V., Morstel, Belgium) measuring 35x43 cm and then
scanned by a computerized system into a digital format
(model CR-30, AGFA-Gevaert N.V, Mortsel, Belgium)
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Fig. 3 B-mode ultrasonographic evaluation of the pectineus muscle of a dog (a) without areas of muscle contracture (b) and a dog with areas of muscle
contracture. In (@) and (b) the pectineus muscle can be seen (white arrow). In (b) a hyperechogenic area (asterisk) is observed with fascicular and perimy-

sial pattern loss. This was not observed in the structure in (a)

© Vs=4.50 mis
* Depth=3.4 cm -

CAPS E AVl

Fig.4 Ultrasonographic images of ARFI elastography in the rectus femoris muscle (a, b and ¢) and joint capsule (d) of the hip joint of a dog. A qualitative
study of the aforementioned structures (a) demonstrates an elastogram in color, where cold colors represent more elastic areas and warm colors more
rigid areas. Quality assessment of the elastogram (b) indicates high quality due to the homogeneity of the greenish color. In (c) the elastogram of the
rectus femoris muscle, the longitudinal section, shows a predominance of blue (slight stiffness), with an average shear wave velocity (SWV) of 2.86 m/s.
The (d) elastogram of the joint capsule shows a predominance of yellow and green colors (intermediate stiffness) and an average SWV of 4.24 m/s

Ultrasonographic evaluation

All ultrasound examinations were performed by a vet-
erinary sonographer with experience in musculoskeletal
evaluations. Trichotomy of the lateral and medial regions
of both hip joints to facilitate ultrasound examination of
the articular and periarticular structures. Initially, the
patients were positioned in lateral decubitus, with the
limb to be assessed facing upward, in order to maintain
the patient’s comfort and neutral position. For all the

techniques performed, ACUSSON S$2000™ equipment
(Siemens®, Munich, Germany) was used, with a linear
transducer and a frequency ranging from 8 to 10Mhz.
Ultrasound conductive gel was used throughout the
examination. All groups underwent ultrasound evalua-
tion of both hip joints. After the ultrasound examination
all dogs were discharged.
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B-mode ultrasound

The structures evaluated were the following muscles: glu-
teus medius, vastus lateralis, pectineus, gracilis, adduc-
tor, and rectus femoris. These muscles were measured
according to the evaluation protocol suggested by Car-
neiro et al. [34]. The thickness of the joint capsule and the
bone surfaces of the femoral head and acetabular cranial
rim were also evaluated. During the examination, the
focus, gain, and depth were adjusted as needed. The char-
acteristics of echogenicity (hypoechogenic or hyperecho-
genic) and echotexture (homogeneous or heterogeneous)
of the muscles were evaluated.

To evaluate the gluteus medius, the transducer was
positioned in the craniocaudal direction in the middle
third between the greater trochanter and iliac crest, iden-
tifying the muscle fibers along its longitudinal axis. The
transducer was positioned at 90° relative to the fibers for
cross-sectional scanning. The muscle was evaluated along
its entire longitudinal and cross-sectional extension.

After identifying the gluteus medius, the transducer
was moved distally and caudally to the proximal portion
of the thigh (greater trochanter) to identify the vastus
muscle which is characterized by its triangular shape. The
transducer was then kept in the craniocaudal direction
to evaluate the muscle in cross-section. For longitudinal
evaluation, the transducer was rotated proximodistally.
Due to its distal convergence with other muscles that
make up the quadriceps femoris, it was impossible to
individualize the vastus lateralis insertion point.

To evaluate the pectineus muscle, the transducer was
positioned transversely 90° from the muscle and proxi-
mal to the inner part of the thigh. The femoral artery was
identified cranial to the muscle and served as a guide for
the evaluation. The transducer was then rotated proxi-
modistally to evaluate the longitudinal aspect of the
muscles. The muscle was evaluated along its entire longi-
tudinal and cross-sectional extension.

The gracilis muscle was evaluated after pectineus
muscle identification. The transducer was moved distally
and caudally in the craniocaudal orientation for cross-
sectional evaluation. The proximal caudal branch of the
femoral artery and vein was evaluated using the Doppler
mode and served as a reference point. Subsequently, the
transducer was rotated proximal-distal to evaluate the
structure longitudinally. The transducer was then moved
slightly cranially to assess the adductor. The muscle was
then evaluated in the longitudinal and transverse planes.

The pectineus muscle was used as a reference to iden-
tify the rectus femoris. Upon identification of the pec-
tineus, the transducer was moved cranially to the limb.
The rectus femoris muscle is bipennate, allowing it to be
differentiated from other muscles. For transverse evalu-
ation, the transducer was held at 90° relative to the limb
and rotated proximally and distally for longitudinal
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evaluation. Due to its distal convergence with other mus-
cles, it was not possible to individualize this muscle in
its insertion. The rectus femoris was assessed proximally
and in its middle third.

Hip joint inspection was performed with the trans-
ducer positioned dorsally and medially to the greater
trochanter in a craniocaudal direction with a dorsoven-
tral rotation of approximately 20° clockwise to the joint.
Irregularities on the surface of the femoral head and
acetabulum were accounted for; animals with any varia-
tions identified in the ultrasonographic inspection were
considered dysplastic, and animals that did not have
alterations were considered non-dysplastic in the B mode
ultrasound evaluation. The articular capsule was mea-
sured according to its thickness (height) for comparison
with OFA ratings in adult animals and the DI in puppies.

ARFl elastography

Elastographic evaluation was performed using the vir-
tual touch tissue imaging quantification, (2D-SWE) tech-
nique. In the qualitative study, color elastograms were
obtained, wherein the blue colors represent more elas-
tic areas, the green and yellow ones represent interme-
diate stiffness, and the red ones correspond to the most
rigid areas (Fig. 4). Additionally, the quality of the exam
was evaluated using the device itself, in which homoge-
neous and greenish images indicated high quality of the
technique, while heterogeneous and yellowish images
indicated low quality (Fig. 4). When low-quality images
were obtained, the examination was repeated. For quan-
titative analysis, the same elastograms were used and
selected regions of interest (ROI's) were chosen at ran-
dom to obtain the average shear wave velocity (SWV —
m/s), quantified by the VTIQ software, the value being
representative of the total stiffness [23]. Nine ROI’s were
selected to assess the gluteal and adductor muscle: six for
the vastus lateralis, pectineus, gracilis, and rectus femo-
ris, and three for the joint capsule (Fig. 4). The ARFI Elas-
tographic was used in the central region of the muscle to
avoid areas of convergence of muscle fascicles, epimy-
sium, and tendinous regions.

Statistical analysis

Statistical analyses were performed using the R software
version 3.3.0 (R° Foundation for Computational Statistics,
Austria). Before carrying out the tests, the mathematical
assumptions of normal distribution (Shapiro-Wilk test)
and homoscedasticity of variances (Bartlett test) were
verified for all collected variables. Real or transformed
measurements resulting from ultrasound examination
were compared between dysplastic and non-dysplastic
patients, classified by DI tests for young group and by
OFA test for adult groups, using the Student’s t-test. Sub-
sequently, ultrasound variables that showed significance
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between dysplastic or non-dysplastic classification were
submitted to a diagnostic accuracy test for dysplasia
through receiver operating characteristic curve (ROC)
analysis in a logistic regression model, calculating the
cut-off point, sensitivity, specificity, likelihood ratio,
and AUC when the diagnostic accuracy was significant.
Finally, trying to identify prognostic or severity factors
the studied variables were correlated with each other by
Spearman’s test. Data are presented as the meanztstan-
dard deviation (SD), and the significance level was fixed
for all tests at P <0.050.
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