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Abstract

Simple and accurate limb and pelvic conformation evaluation using computed tomography (CT) can be useful in planning canine hip
dysplasia (CHD) treatment and in helping to understand the pathogenesis of osteoarthritis and CHD. The objectives of this study were
to describe a new method for femoral neck anteversion angle (FNA-angle) measurement in CT, and to compare it to the established
radiographic standard biplanar method. The hips of 23 Estrela Mountain Dogs were evaluated using radiography and CT and their
FNA-angles were determined by performing two CT examinations and with one radiographic measurement session. The intra-class cor-
relation coefficient (ICC) was used to evaluate the repeatability (agreement between the two CT sessions, ICC = 0.92) and reproducibility
(agreement between each CT and radiographic session, ICC = 0.91 in both cases) of the CT FNA-angle measurement method. This
study suggests that CT FNA-angle measurement method is reliable and can be used in CT hip studies with confidence.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The femoral neck anteversion angle (FNA-angle) is the
angle formed by the plane containing the axis of the femo-
ral shaft and parallel to the transcondylar axis and the
plane containing the axis of the shaft and the axis of the
neck (Montavon et al., 1985). The long axis of the femoral
shaft lies midway between the cortical borders, and the
long axis of the neck is represented by a straight line pass-
ing through the centre of the femoral head and through the
centre of the neck (Bardet et al., 1983).

The FNA-angle is important biomechanically in the
transfer of forces from the femur to the acetabulum (Wei-
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gel and Wasserman, 1992). Large FNA-angles tend to
rotate the femoral head out of the acetabulum and have
been associated with hip dysplasia in humans (Anda
et al., 1991; Hernandez, 1983), and with joint abnormalities
present in spontaneous canine hip dysplasia (CHD) (Bra-
den et al., 1990; Dueland, 1980; Nunamaker, 1974; Weigel
and Wasserman, 1992). Simple and accurate evaluation of
limb and pelvic conformation using computed tomography
(CT) can be useful in CHD treatments (Dueland et al.,
2001; Hara et al., 2002; Patricelli et al., 2002) and help
understand the pathogenesis of osteoarthritis and CHD
(Madsen and Svalastoga, 1994).

The complex three-dimensional configuration of the
femur makes the FNA-angle measurement difficult
(Montavon et al., 1985). In dogs, the FNA-angle can be
measured using radiography by means of biplanar (Bardet
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et al., 1983; Montavon et al., 1985) or fluoroscopic meth-
ods (Nunamaker et al., 1973), and in magnetic resonance
imaging studies of the hip joint (Kaiser et al., 2001).
Despite the use in some studies of CT in CHD prediction,
treatment planning and monitoring, the FNA-angle has
not been determined (Farese et al., 1998; Hara et al.,
2002; Patricelli et al., 2002). In children, CT FNA-angle
determination is indicated in CT hip studies when surgical
procedures have to be performed (Hernandez, 1983).

The objectives of the present study were to describe and
evaluate a new method for FNA-angle measurement using
CT of the canine hip joints, and compare it to the standard
radiographic biplanar method (SRBM).

2. Materials and methods

Twenty-three privately owned Estrela Mountain Dogs,
between 7 and 8 weeks of age and weighing 6–10 kg
(mean ± SD, 7.9 ± 0.9 kg) were used for the study. Dogs
were premedicated with 0.02 mg/kg IM acepromazine
(Vetranquil, Ceva Saúde Animal) and 0.2 mg/kg IM butor-
phanol (Torbugesic, Fort Dodge). Anaesthesia was
induced with 5 mg/kg IV propofol (Diprivan, Zeneca),
and maintained using inhalant isoflurane.

Computed tomographic images were obtained using a
CT Tomoscan M-EG (Philips Medical System), with the
dogs in sternal recumbency in a weight-bearing position
on a foam rubber mould, similar to that described previ-
ously (Fig. 1) (Farese et al., 1998). Contiguous dorsal slices,
with a thickness and index of 2 mm, were obtained from
the femurs and the images were reconstructed in a
512 · 512 matrix and viewed in a bone window (window
1500; level 250). Three radiographs were taken of each
dog, a standard ventrodorsal view of the pelvis with cau-
Fig. 1. Pilot CT image from a dog illustrating the position of the animal
on the foam rubber mould.
dally extended femurs and a mediolateral view of each
femur. After the examination, the dogs were clinically
observed and returned to their owners.

The radiographs were digitalized using a computer scan-
ner (ScanMaker 9800XL, Microtek) provided with a trans-
parency adapter, and all measurements were performed
using specific computer software (OSIRIS Imaging Soft-
ware). The SRBM have been well described in previous
studies (Bardet et al., 1983; Montavon et al., 1985). All
the radiographic FNA-angles were calculated for every
Fig. 2. Biplanar method of measuring the femoral neck anteversion: (a)
Craniocaudal view. (b) Mediolateral view and the right-angled triangle
constructed to measure the FNA-angle. (D-x) distance-x; (D-y) distance-y;
(FNAa) femoral neck anteversion angle; (FHC) femoral head centre;
(PFC) proximal femoral centre; (DFC) distal femoral centre; (FSA)
femoral shaft axis; (a 0) angle between FSA and neck axis in sagittal plane.
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hip by one examiner (MMDG), over the course of a session
on two consecutive days.

The craniocaudal femoral view was used to determine
the distance-y (D-y) as the perpendicular distance between
the femoral head centre (FHC) and the extended femoral
shaft axis (FSA). The FHC was determined by the centre
of one circumference that encircled the femoral head, and
the FSA was drawn connecting the centre of the two cir-
cumferences created with the diameter of the external cor-
tical margin at the most proximal level of femoral shaft
(PFC) and at the proximal third of the distal femoral half
(DFC). The mediolateral radiographic view was used to
determine the distance-x (D-x), as the perpendicular dis-
tance from FHC to the extended FSA. The FHC and the
FSA in this view were established in the same way as in
the craniocaudal view. The FNA-angle was measured as
the tangent (tan D-x/D-y) (Fig. 2).

All measurements of FNA-angle in the CT images were
performed by one examiner (MMDG), maintaining the
principal geometric and trigonometric relationships
(tan D-x/D-y). When the hip was in a neutral position,
the FSA was drawn at the level of the CT slice containing
the central area of the femoral shaft, connecting the centre
of two circumferences created, with the diameter of the
external cortical margin at the most proximal level of fem-
oral shaft (PFC) and at the proximal third of the distal
femoral half (DFC). The FHC was determined by the cen-
tre of one circumference drawn in the central femoral head
slice (bisecting slice), which was copied and pasted (FHCp)
onto the central femoral shaft slice (bisecting slice). The
perpendicular distance between FHCp and the line of
FSA is D-y, and D-x is equivalent to the number of slices
Fig. 3. Illustration outlining how the relationship between femoral head centre,
hip positioning: (a) Neutral hip positioning. (b) Hip flexion. (c) Hip extensio
centre; (DFC) distal femoral centre; (FSA) femoral shaft axis; (Ld.1) linear dist
DFC in sagittal plane.
between the central shaft slice and the FHC, multiplied
by 2 mm (Figs. 3a and 4a).

When there was cranial or caudal positioning of FSA in
the sagittal plane (hip flexion or extension, respectively) the
D-y was measured in the same way in the slice of PFC
(bisecting slice of the proximal femoral shaft, considered
as a sphere) (Figs. 4a and b), but D-x was determined using
the number of slices between PFC and FHC, the correction
factors of flexion (CFflex) or extension (CFext), and the
linear perpendicular distance between PFC and FHCp
(Ld.1).

The degree of hip flexion or extension was determined as
tana/Ld.2, where a is the number of slices between PFC
and DFC (bisecting slice of the distal femoral shaft, consid-
ered as a sphere) multiplied by 2 mm and Ld.2 is the linear
distance between PFC and DFC pasted (Figs. 3b and c).
When there is hip flexion, D-x is equivalent to the arithmet-
ical addition of the number of slices between FHC and
PFC (mm) and the CFflex multiplied by Ld.1 (Fig. 4b),
and in hip extension, D-x is equivalent to the arithmetical
subtraction of the number of slices between FHC and
PFC (mm) and the CFext multiplied by Ld.1 (Fig. 4c).
The CFflex and CFext result from trigonometric mathe-
matical expressions (cos 54� � cos [54� + angle of hip
flexion])/sin (54� + angle of hip flexion) and (cos
54� � cos [54� � angle of hip extension])/sin(54� � angle
of hip extension) respectively (Table 1), where 54� is the
mean angle between FSA and neck axis (90� + 54�) in the
sagittal plane measured on radiographs in this breed
(unpublished data) (Fig. 2b). We performed two CT mea-
surement sessions, each on two days running and one week
apart.
and proximal and distal femoral centres vary in sagittal plane according to
n. (D-x) distance-x; (FHC) femoral head centre; (PFC) proximal femoral
ance 1; (Ld.2) linear distance 2; (a 0) longitudinal distance between PFC and



Fig. 4. Transverse CT hip images in a weight-bearing position: (a) Hip in neutral position; slice-19 contains the central area of the femoral shaft and slice-
16 is at the level of the central area of the femoral head. (b) Hip flexion, slice-16 contains the central area of the proximal femoral shaft, slice-15 is at the
level of the central area of the femoral head, and slice-10 is at the level of the central area of the distal femoral shaft. (c) Hip extension, slice-17 contains
the central area of the proximal femoral shaft, slice-12 is at the level of the central area of the femoral head, and slice-23 is at the level of the central area of
the distal femoral shaft. (R) right side; (FHC) femoral head centre; (FHCp) femoral head centre pasted; (D-y) distance-y; (PFC) proximal femoral centre;
(DFC) distal femoral centre; (DFCp) distal femoral centre pasted; (Ld.1) linear distance 1; (Ld.2) linear distance 2.

Table 1
Hip flexion or extension angles up to 30� and corresponding correction factors, CFflex and CFext, respectively

Angles (�) CFflex CFext Angles (�) CFflex CFext Angles (�) CFflex CFext

1 0.02 �0.02 11 0.18 �0.21 21 0.34 �0.46
2 0.03 �0.04 12 0.20 �0.23 22 0.36 �0.49
3 0.05 �0.05 13 0.21 �0.25 23 0.37 �0.52
4 0.07 �0.07 14 0.23 �0.28 24 0.39 �0.56
5 0.08 �0.09 15 0.25 �0.30 25 0.40 �0.59
6 0.10 �0.11 16 0.26 �0.33 26 0.42 �0.63
7 0.12 �0.13 17 0.28 �0.35 27 0.44 �0.67
8 0.13 �0.15 18 0.29 �0.38 28 0.45 �0.71
9 0.15 �0.17 19 0.31 �0.40 29 0.47 �0.75

10 0.17 �0.19 20 0.32 �0.43 30 0.49 �0.80

(CFflex) Correction factor for hip flexion; (CFext) Correction factor for hip extension.
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The intra-class correlation coefficient (ICC) was used to
quantify the association between the two CT scoring ses-
sions (repeatability), as well as between the radiographic
session and the two CT sessions (reproducibility) (Lee
et al., 1989). An ICC of 1 indicates perfect agreement
and 0 indicates non agreement. The null hypothesis, that
the correlation coefficients were equal to 0, was rejected
at P < 0.05. Student’s t test was used to compare the mean
FNA-angle between measurement sessions. Statistical
calculations were performed using standard computer
software (SPSS Version 12.0).

3. Results

The FNA-angle (46 hips) using the SRBM ranged from
19� to 40� (mean ± SD, 29.9 ± 4.8�), in the first CT mea-
surement session ranged from 20� to 41� (mean ± SD,
30.4 ± 4.2�), and the ICC was 0.91 (95% confidence inter-
val [CI], 0.84–0.95). In the second CT session, the FNA-
angle measurements ranged from 21� to 41� (mean ± SD,
30.5 ± 4.3�), and the ICC with the first CT measurement
was 0.92 (95% CI, 0.86–0.96) and with the radiographic
measurement was 0.91 (95% CI, 0.83–0.95). In all cases,
the ICC were significantly different from 0 (P < 0.001)
and the FNA-angle differences between groups were not
significant in Student’s t test (P > 0.05).

4. Discussion

The mean FNA-angles determined from both CT hip
studies (30.4� and 30.5�) were similar to each other, to
the SRBM (29.9�), and to the FNA-angles determined in
other studies using the SRBM 31.3� (Bardet et al., 1983;
Montavon et al., 1985). The specific CT landmarks used
to determine FHC, PFC, DFC can be considered as stan-
dard. However, the ideal CFflex and CFext could have
some breed variations, depending on the mean angle
between FSA and neck axis in sagittal plane. The FNA-
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angle can be determined directly, by drawing a right-angled
triangle, without needing trigonometric mathematical anal-
ysis (Bardet et al., 1983; Montavon et al., 1985) (Fig. 2b).

The SRBM was considered to be accurate in previous
studies; the mean FNA-angle measured using the SRBM
(31.3 ± 6.2�) was similar to the direct bone measurement
(31.6 ± 6.4�), and differences between means were not sig-
nificant in paired t tests (Montavon et al., 1985); it has been
recommended for clinical use (Bardet et al., 1983; Ogata
and Goldsand, 1979). In contrast, the mean FNA-angle
in a previous study using magnetic resonance imaging
was lower (<10�) than in the above mentioned studies,
probably because the eccentric position of the femoral head
and neck means the FHC lies cranially to the plane bisect-
ing the femoral neck (Kaiser et al., 2001).

Our ICC results of 0.91 and 0.92 for reproducibility and
repeatability, respectively, both with lower limits of 95%
confidence interval above 0.75, without significant differ-
ences between the mean values in Student’s t test, indicate
that this CT method is reliable, and reproduces the radio-
graphic SRBM with confidence (Lee et al., 1989). The
dog preparation and the time required for radiographic
and CT examinations are similar. The FNA-angle mea-
surement in CT hip studies can be used for clinical or
research purposes, without the need of additional radio-
graphic exposures. However, new studies comparing the
accuracy of the new CT measurement method and the
SRBM will be important in proving which method is supe-
rior for determining the FNA-angle. For the time being,
given that standard radiographic equipment is more easily
available than CT in most veterinary institutions, the
SRBM should be used for specific routine FNA-angle
studies.

The FNA-angle determination in radiographic and CT
measurement sessions was performed by just one individual
to avoid scoring errors attributable to the examiner. These
ICC indicate that there is some error in reproducibility and
repeatability, which was <10% in each case and could be
considered as acceptable in a measurement method. The
high degree of agreement for the two CT measurements
sessions was not surprising, given that CT is very reliable
and accurate with regards to spatial dimensional data
(Anda et al., 1991; Weiner et al., 1978). Certainly, some
inaccuracy in CT reproducibility could be explained by
scoring errors in SRBM, and some inaccuracy in CT
repeatability could be attributed to the exact localization
of specific landmarks (FHC, PFC, DFC). The repeatability
of the CT method will improve when used in larger dogs,
the errors in the exact localization of FHC, PFC and
DFC will be less important in the larger D-x and D-y of
these animals.

The positioning of dogs in the foam rubber mould
allowed a good standardization of pelvic limbs, avoiding
internal or external rotation of the hip. Some errors in
FNA-angle measurements made with the SRBM are due
to inaccurate positioning of patients when the radiographs
are taken (Bardet et al., 1983; Ogata and Goldsand, 1979).
The determination of FSA inclination (degree of hip flex-
ion or extension) will be used to better standardize CT
hip studies in a weight-bearing position. The determination
of the FSA line in craniocaudal and mediolateral femoral
radiographic views using the circumference centres as refer-
ence was an modification to the original SRBM method
(Bardet et al., 1983; Montavon et al., 1985), and based
on the symmetric axis-method, recommended for use in
determining the projected angle of inclination (Rumph
and Hathcock, 1990). These authors have already sug-
gested the use of the symmetric axis-method in the radio-
graphic FNA-angle measurement. The FNA-angle
estimate using computer software is easier if specific land-
marks are determined by drawing circumference centres,
instead of bisecting linear segments.

In conclusion, the CT method used to determine the
FNA-angle, as described in the present study, is reliable
and reproducible. The method improves the evaluation of
hip and pelvic limb conformation in CT hip studies of
CHD prediction or planning treatment (Farese et al.,
1998; Hara et al., 2002; Patricelli et al., 2002), and could
be useful in planning corrective rotational osteotomies of
the femur, reconstruction of a complex femoral shaft or
neck fractures, or other surgical hip treatments (Braden
et al., 1990; Montavon et al., 1985; Nunamaker, 1974).
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