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‘RESUMO.- [Avaliação da lassitude da articulação coxofemoral 
em cachorro-do-mato (Cerdocyon thous).] Como canídeos, 
os cachorros-do-mato podem estar predispostos a doenças 
ortopédicas semelhantes aquelas de cães domésticos, tais 
como a displasia coxofemoral. No entanto, para o diagnóstico 
adequado da displasia coxofemoral em animais selvagens, 
os padrões de normalidade de cada espécie precisam ser 
determinados. Sendo assim, o presente estudo teve como 
objetivo estimar os valores radiográficos e tomográficos (TC) 
da lassitude da articulação coxofemoral em cachorros-do-

mato hígidos. Foram utilizados quinze cachorros-do-mato 
não castrados, oito machos e sete fêmeas, com idades entre 
1 e 5 anos e massa corporal média de 6,66kg. O ângulo de 
Norberg (NA) foi calculado a partir de radiografias na projeção 
ventrodorsal com os membros estendidos. Para calcular o 
escore de subluxação dorsolateral (DLS), o índice de distância 
central (CD), o ângulo da margem central lateral (LCEA) e o 
ângulo da borda dorsal acetabular (DARA), foram utilizadas 
as mensurações obtidas a partir de imagens transversais 
da TC. Não foram observadas diferenças estatísticas entre 
os lados direito e esquerdo nos parâmetros radiográficos e 
tomográficos. A média do NA foi de 107,57°. As médias do 
escore do DLS, do índice de CD, e dos ângulos LCEA e DARA 
foram, respectivamente, 60,79%, 0,16, 98,25° e 13,47°. Os 
dados obtidos são úteis para a caracterização dos valores 
médios referentes à articulação coxofemoral de cachorros-
do-mato e podem contribuir para o conhecimento da espécie.
TERMOS DE INDEXAÇÃO: Lassitude, articulação coxofemoral, 
cachorro-do-mato, Cerdocyon thous, radiografia, tomografia 
computadorizada, animais selvagens.
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Like canids, crab-eating foxes may probably be predisposed to similar orthopedic diseases 
of domestic dogs, such as hip dysplasia. However, for the adequate hip dysplasia diagnosis in 
wild animals, the normality characteristics of each species must be determined. This study 
aimed to estimate radiographic and computed tomographic (CT) values of hip joint laxity 
in healthy crab-eating foxes. Fifteen intact crab-eating foxes, eight males and seven females, 
ages 1 to 5 and mean body mass of 6.66kg were used. Norberg angle (NA) was calculated 
from ventrodorsal hip-extended radiographs. To calculate the dorsolateral subluxation (DLS) 
score, the center distance (CD) index, the lateral center edge angle (LCEA), and the dorsal 
acetabular rim angle (DARA), measurements obtained from transverse CT images were used. 
No statistically significant differences were observed between the right and left sides in the 
radiographic and tomographic parameters. The mean NA was 107.57°. The mean DLS score, 
the CD index, the LCEA, and the DARA were 60.79%, 0.16, 98.25° and 13.47°, respectively. 
The data obtained are helpful in characterizing mean values of the hip joint in healthy crab-
eating foxes, and can contribute to the knowledge of the species.
INDEX TERMS: Hip joint, laxity, crab-eating foxes, Cerdocyon thous, radiography, computed tomography, 
wildlife animals.
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INTRODUCTION
Crab-eating foxes (Cerdocyon thous) have a general pattern of 
grayish hair on the back; reddish face, ears and legs; whitish 
throat and belly; black-tipped ears and tail; and black on the 
back of the legs (Berta 1982, Ginsberg & MacDonald 1990). 
However, within this pattern can occur a great variation 
among individuals (Berta 1982). The crab-eating fox is a 
monogamous animal that lives in extended family groups 
or in couples (Ginsberg & MacDonald 1990, Beisiegel et al. 
2013). The activity pattern is mainly nocturnal and crepuscular 
(Cheida et al. 2006).

In relation to diet and habitat, the species is considered to 
be generalist and flexible (Beisiegel et al. 2013). Therefore, 
the species has the ability to occupy diverse habitats, 
such as savannahs, marshlands, caatingas, and forests 
(Beisiegel et al. 2013, Lucherini 2015). In addition, crab-eating 
foxes have adapted to deforestation, areas of agricultural and 
horticultural development, as well as habitats in regeneration 
(Lucherini 2015). The short and robust limbs facilitate the 
locomotion in dense forests (Berta 1982).

Like canids, crab-eating foxes may probably be predisposed 
to similar orthopedic diseases of domestic dogs, such as hip 
dysplasia. In domestic dogs the hip dysplasia is characterized 
by coxofemoral joint laxity, degeneration and osteoarthritis, 
considered a developmental disorder and multifactorial, 
containing a hereditary component (Vezzoni 2007, Schachner 
& Lopez 2015). In most cases, there is acetabular dysplasia 
and femoral dysplasia, the latter evidenced by alterations 
in length, inclination and anteversion of the femoral neck 
(Vezzoni 2007). The disease has a high prevalence in large 
dogs, brachycephalic dogs and those with a high proportion 
of body length and height (Vezzoni 2007, Schachner & Lopez 
2015). In wild animals, the disease has occasionally been 
reported, such as in a timber wolf (Douglass 1981).

There are several protocols for determination of hip 
dysplasia in domestic dogs, including static radiographic 
studies of ventrodorsal hip-extended view with the animal 
deeply sedated or anesthetized (Vezzoni 2007, Flückiger 2007a, 
Verhoeven et al. 2012, Dennis 2012). Radiographic scoring 
methods are used for the assessment of the severity of the 
bone changes in the ventrodorsal hip-extended view, but 
score differences are observed between countries and entities 
(Flückiger 2007b, Dennis 2012). Other imaging modalities 
such as computed tomography (CT) and magnetic resonance 
imaging are still not commonly used (Farese et al. 1998, 
Todhunter et al. 2003, Fujiki et al. 2004, Kishimoto et al. 2009).

However, for the adequate hip dysplasia diagnosis in 
wild animals, the normality characteristics of each species 
must be determined. Therefore, the aim of this study was 
to estimate radiographic and CT values of hip joint laxity in 
healthy crab-eating foxes.

MATERIALS AND METHODS
The study was approved by the Ethics Committee of the “Faculdade 
de Medicina Veterinária e Zootecnia”, Unesp Botucatu (no. 194/2014 
- CEUA), and by the National Environmental and Wildlife Bureau 
(SISBIO - 47049).

Fifteen skeletally mature crab-eating foxes (Cerdocyon thous), 
eight intact males and seven intact females, ages 1 to 5, weighing 
from 5.5 to 7.9kg (mean ± SD = 6.66±0.79kg) were used. The animals 

belong to Medical and Research Center in Wildlife (CEMPAS), or 
Municipal Zoological Park “Quinzinho de Barros” (Category A zoo). 
They were considered to be healthy, based on the results of physical 
and orthopedic examinations (visual gait analysis; hip joint palpation; 
coxofemoral range of motion in flexion/extension and abduction/
adduction; and Ortolani test), and radiographs of the limbs.

For imaging studies, the crab-eating foxes were initially 
premedicated with ketamine (8mg/kg) and midazolam (0.3mg/kg) 
administered intramuscularly. After 15 minutes, general anesthesia 
was induced with propofol (5mg/kg/IV) to allow endotracheal 
intubation. Anesthesia was maintained with isoflurane in 100% oxygen 
(stage III, planes 2-3) using rebreathing circuit system (Conquest 
2003, HB Hospitalar Ind. Com., São Paulo, Brazil). An intravenous 
catheter was placed in the cephalic vein and 0.9% sodium chloride 
was administered at a rate of 5mL kg/h during the procedure. All 
radiographic and CT measurements were performed in triplicate 
by one experienced evaluator.

Ventrodorsal, hip-extended radiographs were obtained with a 
digital X-ray system (GE® Healthcare, São Paulo, Brazil). The technique 
used was a focal-film distance of 100cm with an around 55-60kV, 
and 8mAs. The crab-eating foxes were placed in dorsal recumbency 
with the pelvic limbs extended caudally, held parallel, and rotated 
medially. The patella for each pelvic limb remained centered within 
the trochlear groove. The Norberg angle was calculated by the 
intersection of a first line drawn between the center points on each 
of the two femoral heads and another line drawn from the center 
of the femoral head to the craniodorsal acetabular rim, one to the 
right and the other to the left (Dennis 2012).

CT examinations were performed using a helical scanner 
(Shimadzu SCT-7800CT, Shimadzu Corp, Kyoto, Japan). The scanning 
parameters were pitch of 1.5, 1mm slice thickness, 120kVp, 130mA, 
and 1-second scan time. The crab-eating foxes were maintained in 
a kneeling position according to previously described (Farese et 
al. 1998). For this, the animals were placed in sternal recumbency 
on a mold. The stifles were maintained in contact with the table, 
flexed, but not adducted.

To calculate the dorsolateral subluxation (DLS) score, the center 
distance (CD) index, the lateral center edge angle (LCEA), and the 
dorsal acetabular rim angle (DARA), the measurements obtained 
from transverse CT images were used, based on previously described 
(Kishimoto et al. 2009). The images were analyzed with ClearCanvas 
software (Synaptive Medical; Toronto, Canada).

To calculate the DLS score (Fig.1), initially the maximum 
diameter of the femoral head was measured (B). Then, two lines 
were established, the first line was drawn through the most lateral 
point of the acetabular rim and the second line was drawn through 
the most medial edge of the femoral head. The distance between 
line 1 and line 2 was measured (A). The DLS score was determined 
by the equation: DLS score=A/B × 100%.

To determine the center distance (CD) index, the distance between 
the central point of the femoral head and the central point of the 
acetabular space (C) was first established by means of two circles 
(Fig.2). This distance was then divided by the radius of the femoral 
head (D), as follows: CD index = C/D.

To calculate the LCEA (Fig.3) the center points of the right and 
left femoral heads were initially identified. From these points two 
lines were drawn, the first line connected the center point of both 
femoral heads, and the second line connected the center point of 
each femoral head and the lateral point of the respective acetabular 
rim. The angles formed between these two lines defined the LCEAs.
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To determine the DARA three lines were drawn (Fig.4). The 
first line (vertically oriented) connected the caudal vertebra and 
the pubic symphysis, the second line was tangential to the dorsal 
acetabular subchondral articular surface, and the third line was 
drawn perpendicular to line 1 at the intersection of lines 1 and 2. The 
angle formed by the intersection of lines 2 and 3 defined the DARA.

The statistical analysis of the radiographic and CT parameters 
initially evaluated the variability of the measurements performed in 
triplicate by the evaluator using repeated measures ANOVA followed 
by the Tukey post-test. After the distributions were evaluated by a 
Kolmogorov’s normality test, an unpaired Student’s t-test was used 
to compare each radiographic and CT parameter between right and 
left hind limbs. Differences were considered significant at P<0.05.

RESULTS
Signs of articular disease of the hip joint were not observed 

in any of the crab-eating foxes in both radiographic and CT 
evaluations. No statistically significant differences were 
observed intra-evaluator and between right and left sides in the 
radiographic and tomographic parameters. The measurements’ 
mean, standard deviation, median, and confidence interval 
values are shown in Table 1 and 2.

DISCUSSION
All crab-eating foxes had no signs of hip dysplasia based on 
evaluations of the hip ventrodorsal extended radiographic view. 
Domestic dogs must be at least one year of age to be evaluated 
with this method, and some countries require two years of age 
or older to maximize the sensitivity of the method and to provide 
the definitive diagnosis (Adams 2000, Flückiger 2007a). Thus, 
the crab-eating foxes at the age of one (n=3) could have not yet 
manifested radiographic signs of the disease. However, further 
studies are needed to confirm this hypothesis.

There are several systems for scoring radiographs for 
hip dysplasia (Schachner & Lopez 2015). The grades of the 
lesion may be based on the Norberg angle, subluxation degree, 
shape and depth of the acetabulum, and signs of joint disease 
(Flückiger 2007b, Comhaire & Schoonjans 2011). The Norberg 
angle is a measurement used to evaluate the femoral head 
displacement from the acetabulum, which in non-dysplastic 
domestic dogs must be greater than or equal to 105o (Adams 

Fig.1. Transverse pelvic CT image of a crab-eating fox for measuring 
the Dorsolateral Subluxation (DLS) score. Maximum diameter 
of the femoral head (B), distance between line 1 (most lateral 
point of the acetabular rim) and line 2 (most medial edge of the 
femoral head) (A). DLS score = A/B × 100%.

Fig.2. Transverse pelvic CT image of a crab-eating fox for measuring 
the Center Distance (CD) index. Distance between the central 
point of the femoral head and the central point of the acetabular 
space (C), radius of the femoral head (D). CD index = C/D.

Fig.3.Transverse pelvic CT image of a crab-eating fox for measuring 
the lateral center edge angle (LCEA) formed for angle between line 
that connected the center point of both femoral heads and line 
that connected point of each femoral head and the lateral point 
of the respective acetabular rim (right = 100.6o, left = 100.8o).

Fig.4. Transverse pelvic CT image of a crab-eating fox for measuring 
the dorsal acetabular rim angle (DARA). Connected caudal 
vertebra and pubic symphysis (Line 1), tangential to the dorsal 
acetabular subchondral articular surface (Line 2), perpendicular 
to line 1 (Line 3). DARA = angle between lines 2 and 3 (13.4o).
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2000, Flückiger 2007a), although some authors disagree about 
the validity threshold of 105o for different breeds of dogs (Culp 
et al. 2006). In the present study, the mean Norberg angle was 
107.57o±3.65o that may suggest the crab-eating foxes within 
the normality pattern to domestic dogs.

With the advent of CT technologies, other tools for 
assessing hip joints have been incorporated, such as the 
DLS score, the CD index, the LCEA, and the DARA, which can 
assist in the characterization of normal and dysplastic dogs, 
considering joint laxity (Farese et al. 1998, Todhunter et al. 
2003, Fujiki et al. 2004, Kishimoto et al. 2009). To perform 
these measurements, in general, the dog is placed in sternal 
recumbency in a kneeling position, which may be maintained 
in weight-bearing position with the stifles adducted, or in 
normal-standing position (Fujiki et al. 2004). In the current 
study the crab-eating foxes were in a normal-standing position.

The DLS score evaluates the passive subluxation of the hip 
joint by measuring the amount of the femoral head medial 
with respect to the acetabulum (Farese et al. 1998, Fujiki et 
al. 2004). Based on radiographic and CT evaluations, a study 
with 24 Labrador dogs suggested that a DLS score less than 
40% indicates high susceptibility to osteoarthritis; less than 
50% is a moderate susceptibility; and greater than 60% is 
unsusceptible or low susceptibility (Farese et al. 1998). On 
the other hand, in a study with 22 healthy Border Collie dogs 
mean values of 45.7% (±10.2%) for DLS score were obtained 
by using CT (Kishimoto et al. 2009). The DLS score for the crab-
eating foxes was 60.79% (±5.48%), suggesting that 60% of the 
femoral head remained within the acetabulum. However, this 
value was obtained with crab-eating foxes in normal-standing 
position; therefore, with less load on the hip joint.

The CD index allows to measure the distance between the 
femoral head and the acetabulum (Fujiki et al. 2004, Kishimoto et 
al. 2009). In a CT study with domestic dogs, CD index values for 
normal hip joints were 0.17 (±0.1) and 0.22 (±0.07), respectively, 
in normal standing position and weight-bearing position (Fujiki 
et al. 2004). Similarly, in the present study, the CD index was 0.16 
(±0.06), compatible with the positioning adopted.

A strong correlation between the DLS score (45.7% ± 
10.2%) and the LCEA (85.9°±10.3°) was observed in a CT study 
with healthy Border Collie dogs, suggesting that diagnostic 
accuracy can be improved by combining these parameters 
(Kishimoto et al. 2009). The crab-eating foxes showed mean 
values of 60.79% (±5.48%) and 98.25° (±3.87°), respectively, 
for DLS and LCEA. The higher values obtained in crab-eating 
foxes may be associated with normal-standing position or 
differences between species.

In dysplastic processes, the dorsal acetabular margin is 
susceptible to trauma by the femoral head (Slocum & Slocum 
2014). By using the dorsal acetabular rim radiographic projection, 
the slope of the dorsal acetabular rim can be measured, which 
in domestic dogs with normal hips should be from 0 to less 
than 10° (Wendelburg 1998, Slocum & Slocum 2014). In turn, 
the value of the DARA measured by CT in healthy Border 
Collie dogs was 18.5° (±7.3°), but in weight-bearing position 
(Kishimoto et al. 2009). In another CT study using domestic 
dogs of several breeds DARA <15° was obtained in normal 
hip joints, but laxity scores were higher in weight-bearing 
position than in normal-standing position, suggesting more 
sensitivity of the weight-bearing position (Fujiki et al. 2004). 
The DARA mean value was 13.47° (±1.04°) in crab-eating 
foxes, but obtained in normal-standing position.

CONCLUSION
The data obtained are helpful in characterizing mean 

values of the laxity hip joint in healthy crab-eating foxes, and 
can contribute to the knowledge of the species.
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Table 1. Values of radiographic Norberg angle, and dorsolateral subluxation (DLS) score and center distance (CD) index, 
lateral center edge angle (LCEA), dorsal acetabular rim angle (DARA) obtained from CT images, in the right and left hind limbs, 

in 15 crab-eating foxes

Variables
Mean ± Standard deviation Median 95% confidence interval P value
Right Left Right Left Right Left

Norberg angle 107.99° ± 3.59° 107.18° ± 3.65° 107.53° 107.13° 106.17° - 109.81° 105.18° - 109.18° 0.5428
DLS score 59.81% ± 5.24% 61.76% ± 5.64% 60.77% 61.45% 56.91% - 62.71% 58.64% - 64.89% 0.3349
CD index 0.15 ± 0.06 0.15 ± 0.05 0.16 0.16 0.11 - 0.18 0.12 - 0.18 0.8150
LCEA 98.30° ± 3.53° 98.19° ± 4.20° 98.30° 97.50° 96.34° - 100.27° 95.86° - 100.53° 0.9391
DARA 13.41° ± 1° 13.43° ± 0.9° 13.86° 13.70° 12.86° - 13.97° 12.92° - 13.95° 0.9611

Table 2. Values of radiographic Norberg angle, and dorsolateral subluxation (DLS) score and center distance (CD) index 
lateral center edge angle (LCEA), dorsal acetabular rim angle (DARA) obtained from CT images, including both right and left 

hind limbs, in 15 crab-eating foxes
Variables Mean ± Standard deviation Median 95% confidence interval

Norberg angle 107.57° ± 3.65° 107.35° 105.55° - 109.59°
DLS score 60.79% ± 5.48% 61.15% 58.02% - 63.56%
CD index 0.16 ± 0.06 0.17 0.13 - 0.19

LCEA 98.25° ± 3.87° 98.10° 96.29° - 100.21°
DARA 13.47° ± 1.04° 13.70° 12.95° - 13.99°
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