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Summary

Objective: To compare hindlimb con-
formation of English Staffordshire Bull Ter-
riers with and without medial patellar lu-
xation using computed tomography.
Methods: Hindlimb computed tomography
(CT) was performed on six English Stafford-
shire Bull Terriers with grade Il or Ill medial
patellar luxation, and six without medial pa-
tellar luxation. Inclination angle, femoral
condyle trochanteric angle, anteversion
angle (AA), distal anteversion angle (DAA),
proximal anteversion angle (PAA), femoral
varus angle (FVA), tibial valgus angle (TVA),
and tibial torsion angle (TTA) were
measured. Student'’s T-test was conducted to
compare normal limbs to limbs with medial
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patellar luxation, all limbs of dogs with medi-
al patellar luxation to limbs of the control
group, and medial patellar luxation affected
limbs (normal limbs of unilaterally affected
dogs excluded) to the control group. P-values
less than 0.05 were considered significant.
Results: Two dogs with medial patellar lu-
xation were only affected unilaterally. Limbs
of English Staffordshire Bull Terriers with
medial patellar luxation had significantly
diminished AA and DAA, in addition to de-
creased TVA. These differences were similar
regardless of how the unaffected limbs from
affected dogs were treated in our analysis.
Discussion and conclusion: Medial patellar
luxation in this population of English Staf-
fordshire Bull Terriers was characterized by a
decrease in femoral anteversion, external ro-
tation of the femoral diaphysis, and de-
creased tibial valgus. These findings may help
inform clinical decision making when per-
forming osteotomy for treatment of medial
patellar luxation in this breed.
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Introduction

Medial patellar luxation is a common or-
thopaedic disorder of dogs, which results
from a medially directed vector force on
the patella. The line of action of the patella
is determined by the alignment of the
quadriceps femoris muscle group, originat-
ing from the ilium in the case of the rectus
femoris and the proximal femur in the case
of the vasti muscles, the patella, and the pa-
tellar ligament and its insertion onto the ti-
bial tuberosity (1, 2). Any malalignment of
these components will result in a medial
force on the patella and decrease patellar
stability. Other stabilizers of the patella in-
clude the medial and lateral trochlear
ridges, the medial and lateral cartilaginous
processes, and the femoropatellar liga-
ments.

Several features of skeletal morphology
of the hip, femur and stifle joint have been
suggested or proven to be associated with
medial patellar luxation, including coxa
vara and valga, diminished angle of ante-
version, external femoral torsion, proximal
tibial valgus, and internal tibial torsion (3,
4). Tt is not known if these changes are a
primary cause of or a secondary result of
medial patellar luxation; it is likely that
they represent both a cause and effect (4).
Given the spectrum of sizes and con-
formations that exist across the many
breeds of dogs, establishing normal values
that apply to all dogs is difficult. Previous
studies have evaluated normal ranges for
many indices of skeletal conformation in
either cohorts of normal dogs of varying
breeds or cohorts of normal dogs of one
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Angle: 143,795 / 216.205

Figure 1 The angle of inclination (Al) was
defined as the angle formed between the axis of
the femoral neck and the axis of the femoral
diaphysis.

particular breed; few studies have so far
compared dogs with and without medial
patellar luxation of one particular breed,
and thus far none have evaluated large
breed dogs (5-18). In our practice, the
English Staffordshire Bull Terrier appears
to be commonly affected with medial pa-
tellar luxation. This breed has a character-
istic bow-legged stance, which the authors
assume represents an underlying con-
formational abnormality of the femur,
tibia, or both together.

Measurements may be made on either
conventional radiographs or by using com-
puted tomography (CT) and multiplanar
reconstructions (CT-MPR). Computed to-
mography is less susceptible to positional
variation than conventional radiography
for measurement of most indices of skeletal
conformation. Precise qualification and
quantification of skeletal abnormalities
theoretically allows for more accurate real-
ignment of the quadriceps mechanism, by
allowing planning for correction of the de-
formity or deformities thought to be most
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Figure 2 The anatomical lateral distal femoral
angle (aLDFA) was defined as the angle created
between the anatomical axis of the proximal
diaphysis and the transcondylar axis.

responsible for the quadriceps malalign-
ment.

The aim of this study was to evaluate
and compare the femoral and tibial mor-
phology in a population of English Staf-
fordshire Bull Terriers with and without
medial patellar luxation. Our hypothesis
was that dogs with medial patellar luxation
would have multiple conformational differ-
ences of the femur and tibia compared to
clinically normal dogs, with a particular in-
crease in distal femoral varus.

Materials and methods

Twelve English Staffordshire Bull Terriers
were prospectively recruited into the study
between March 2012 and November 2013,
consisting of six dogs affected with either
unilateral or bilateral medial patellar lu-
xation and six clinically normal dogs.
Clinical evaluation was performed by
either a board-certified specialist in small
animal surgery (KV) or a senior resident in

small animal surgery (MN). Clinically nor-
mal dogs were defined as those with no ab-
normalities on orthopaedic examination
and a stable patella, both when conscious
and when under general anaesthesia. The
severity of medial patellar luxation was
graded according to the Singleton criteria
and patients with a grade 2/4 or higher
were included (19). Patients were excluded
from the study if other stifle disease was
present, such as cranial cruciate ligament
rupture. Institutional animal ethics appro-
val was granted for this study.

Following premedication with either a
combination of acepromazine (0.05 mg/kg
IM) and methadone (0.3 mg/kg IM) or
dexmedetomidine (0.003 mg/kg - 0.01 mg/
kg IM) and butorphanol (0.3 mg/kg), an-
aesthesia was induced with propofol to ef-
fect and maintained on isoflurane in 100%
oxygen. Bilateral hindlimb computed to-
mography was performed using a 16 slice
helical scanner® with 0.8 mm slice thick-
ness. For affected dogs, this CT was per-
formed as part of routine evaluation prior
to surgical correction. For control patients,
this CT was performed whilst undergoing
another procedure that required general
anaesthesia. Owner consent was obtained
prior to the scans of these unaffected dogs.
Dogs were positioned in dorsal recumben-
cy with the hindlimbs extended caudally
and taped together such that the femurs
were parallel to each other. As measure-
ments across joints were not to be ob-
tained, and images were to be manipulated
post-acquisition to view in the ideal plane,
joint angles were not rigidly standardized.
Multiplanar reconstructions were created
from the axial images using a commercial
DICOM viewer®.

Eight measurements were obtained
from each hindlimb. The multiplanar re-
constructions were manipulated in such a
manner that the ideal projection was simu-
lated for each measurement. The measure-
ments taken were as follows: the angle of
inclination of the femoral neck (AI), the
anatomical lateral distal femoral angle
(aLDFA), the femoral trochanteric angle

a  Brilliance 16-Slice: Phillips, Amsterdam, Nether-
lands
b OsiriX: Pixmeo SARL, Bernex, Switzerland
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(ECT), the angle of anteversion of the fe-
moral neck (AA), the distal anteversion
angle (DAA) and proximal anteversion
angle (PAA), overall tibial valgus (TV), and
tibial torsion (T'T).

The AI was measured from a frontal
plane reconstruction according to the
Hauptman B method, as previously de-
scribed using CT (5, 14). The multiplanar
reconstruction of the femur was oriented
such that the frontal plane and sagittal
plane were parallel to the long axis of the
diaphysis, and the femoral condyles were
symmetrical; thus a true frontal plane
aligned to the diaphysis was found. The AI
represents the angle formed between the
axis of the femoral neck and the anatomical
axis of the proximal femoral diaphysis
(»Figure 1) in this frontal plane recon-
struction, both measured on a maximum
intensity projection thick enough to view
the femoral head, neck, and diaphysis. The
axis of the femoral neck was created by
points marking the centre of the femoral
head and the midpoint of the femoral neck;
the anatomical axis of the proximal femoral
diaphysis was created by points marking
the midpoint of the diaphysis a third and a
half the distance down the diaphysis.

The aLDFA was also measured from the
same frontal plane reconstruction of the
femur, as previously described (9). The
aLDFA was defined as the angle created be-
tween the anatomical axis of the proximal
diaphysis, as previously created and the
transcondylar axis (P Figure 2). The trans-
condylar axis was created by points repre-
senting the most distal medial and lateral
femoral condyles. The aLDFA was
measured on a maximum intensity projec-
tion thick enough to view the femoral dia-
physis and condyles.

From the same multiplanar reconstruc-
tion in which the frontal plane was viewed,
the transverse plane was used to measure
the FCT, AA, DAA and PAA. In this plane
the entire diaphysis of the femur could be
viewed as a straight cylinder by scrolling
through sequential images. The FCT was
measured as previously described using
CT-MPR (14). This was defined as the
angle formed between the transcondylar
axis and a proximal line connecting the
greater and lesser trochanters (P Figure 3).
A maximum intensity projection several
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Figure 3

The femoral troch-
anteric angle (FCT)
was defined as the
angle formed between

‘Transcon dVIar ]

the transcondylar axis
and a proximal line

connecting the greater
and lesser trochanters.

centimetres thick was created, and the
transcondylar axis was found using points
representing the most caudal aspects of the
medial and lateral femoral condyles; the
grid lines visible on the imaging software
were then set at this axis. The images were
then scrolled through until the greater and
lesser trochanters were visible in one slice,
and a line joining those two points was cre-
ated.

The AA was defined as the angle created
between the transcondylar axis and a line
representing the axis of the femoral neck
(»>Figure 4), measured in the same
manner as the FCT. The AA was further
subdivided into the DAA and PAA (14).
The DAA was measured as the angle con-
necting the transcondylar axis and a line
from the lesser trochanter to the point of
intersection of the transcondylar axis with
the previous line through the femoral neck
(»>Figure 5). This angle represents the

Transcondylar axis

amount of anteversion between the lesser
trochanter and the condyles, which can be
thought of as synonymous with diaphyseal
torsion. The PAA was defined as the differ-
ence between the overall anteversion and
the distal anteversion, and this represents
the contribution of the femoral head and
neck to the overall amount of anteversion
(> Figure 6).

The TV was assessed on a frontal plane
reconstruction of the tibia. The multiplanar
reconstruction was manipulated so that the
frontal plane intersected the caudal most
points of the tibial condyles and the caudal
aspect of the distal tibia. A maximum in-
tensity projection of the thickness of the
tibia was created in this plane so that both
the proximal and distal joint surfaces could
be viewed in their entirety to accurately
identify the joint line. The TV was defined
as the angle created between the proximal
and distal joint lines (»Figure 7). This is a
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Figure 4  The angle of anteversion (AA) was defined as the angle created
between the transcondylar axis and a line representing the axis of the

femoral neck.

summation of the mechanical medial
proximal tibial angle (mnMPTA) and mech-
anical medial distal tibial angle (mMDTA)
as previously described (10).

The TT was assessed on an axial recon-
struction of the tibia, which was the trans-
verse plane created by aligning the frontal
plane as described for TV. Using the caudal
condylar axis to the distal cranial tibial axis
(CdC-CnT) technique as previously de-
scribed, this was defined as the angle cre-
ated between the caudal transcondylar axis
proximally, and the cranial surface of the
tibia distally (»-Figure 8) (7). A maximum
intensity projection of several centimetres
in thickness was created , and the caudal
transcondylar axis was created by points
representing the caudal most aspect of the
medial and lateral tibial condyles. The grid
lines visible on the imaging software were
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Figure 5 The distal angle of anteversion (DAA) was defined as the angle
connecting the transcondylar axis and a line from the lesser trochanter to the

point of intersection of the transcondylar axis with the axis of the femoral neck.

then set at this axis. The images were then
scrolled through until the distal tibia was
visible and a line parallel to the cranial sur-
face was created.

Data analysis

Three separate analyses were performed
for comparison of measurements between
groups to account for the fact that the nor-
mal limbs from unilaterally affected dogs
may share some characteristics with the af-
fected limbs. Firstly, the measurements
from the control dogs were compared to
those from the clinically affected dogs. Sec-
ondly, the normal limbs from affected ani-
mals were grouped with the limbs from the
control dogs, and measurements from all
normal limbs were compared to those from

affected limbs. Thirdly, the normal limbs
from affected dogs were excluded from
analysis, and the measurements from con-
trol dogs were compared to affected limbs.

The measurements were tested for nor-
mality with the Shapiro Wilk test. All
measurements were normally distributed,
with the exception of those for tibial valgus.
Tibial valgus was compared with the
Mann-Whitney U test, and all other
measurements were compared with Stu-
dent’s T-Test. The level of significance was
set at less than or equal to 0.05.

Results

Of the six affected dogs, two were unilat-
erally affected and four bilaterally affected,
giving a total of 10 affected limbs. Twelve
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Figure 6 The proximal angle of anteversion (PAA) was defined as the
difference between the angle of anteversion (AA) and the distal angle of

anteversion (DAA).

limbs were from the six unaffected dogs,
and two more unaffected limbs were from
unilaterally affected dogs. Of these, two
were classified as having grade 2/4 medial
patellar luxation, and eight were classified
as having grade 3/4 medial patellar lu-
xation. There were no differences between
the two groups with regards to age or
weight; the unaffected animals had a medi-
an age of seven years and a mean weight of
18.4 kg, while the affected animals had a
median age of three and a mean weight of
23.1 kg. There were three males and three
females in each group.

The measurements from control dogs
compared with affected dogs are summar-
ized in »>Table 1. Affected dogs were found
to have significantly less overall femoral
anteversion and less distal anteversion than
control dogs. Affected dogs had an AA of

© Schattauer 2017

21.9 degrees, compared to 26 degrees in
unaffected dogs. The DAA was 14.9 de-
grees in affected dogs compared to 17.9 de-
grees in unaffected dogs. Affected dogs also
had a significantly lesser degree of tibial
valgus, with 8.9 degrees of TV compared to
11.8 degrees in control dogs.

The findings for when the two unaf-
fected limbs from unilaterally affected dogs
were considered normal and grouped with
the control dogs are summarized in
> Table 2. The findings of decreased over-
all and distal anteversion in affected limbs
remained. Overall anteversion was 21.8 de-
grees in affected limbs and 25.6 degrees in
unaffected limbs, while distal anteversion
was 14.8 degrees compared to 17.6 degrees.
Femoral varus in affected limbs showed a
trend to be increased compared to unaf-
fected limbs, with 98.5 degrees of aLDFA in

Rroximal joint line

Lengih: 6,205

Proximal joint line

Figure 7 Tibial valgus (TV) was defined as the angle created between the
proximal and distal joint lines in the frontal plane.

affected limbs compared to 96.6 degrees in
unaffected limbs; this however was not
statistically significant. Interestingly only
three affected limbs and one unaffected
limb had femoral varus exceeding 12 de-
grees.. Interestingly, only three affected
limbs and one unaffected limb had femoral
varus exceeding 12 degrees.

The results for when the two unaffected
limbs from unilaterally affected dogs were
excluded from analysis are summarized in
»Table 3. There remained significantly
less overall (21.8 degrees) and distal ante-
version (14.8 degrees) in the affected limbs
than in the unaffected limbs (26 degrees
and 17.9 degrees respectively) (p = 0.012
and p = 0.022, respectively). Tibial valgus
was also significantly less in affected limbs
(8.3 degrees) compared to the unaffected
limbs (11.8 degrees) (p = 0.008).
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When subjectively comparing the angles
to historical measurements obtained from
CT scans in other dogs, it appears that both
affected and unaffected English Stafford-
shire Bull Terriers have higher A, higher
FCT, and lower DAA than other dogs
studied previously (> Table 4).

Discussion

This study found that medial patellar lu-
xation in this population of English Staf-
fordshire Bull Terriers is characterized by a
relative retroversion of the femur, appar-
ently as a torsional malformation along the
femoral diaphysis (DAA), and decreased
tibial valgus. Our hypothesis that femoral
varus would be increased in the popu-
lation of English Staffordshire Bull Terriers
with medial patellar luxation had to be re-
jected.

Vet Comp Orthop Traumatol 3/2017
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Caudal condylar axis

Figure 8

Tibial torsion (TT) was
defined as the angle
created between the
caudal transcondylar
axis proximally and
the cranial surface of
the tibia distally.

The finding of a reduced AA, attribu-
table to diaphyseal torsion, may have im-
plications when planning surgical correc-
tion of medial patellar luxation in such
cases. A reduction in the AA, whether at
the level of the femoral neck, along the dia-
physis, or both, will theoretically result in
an external rotation of the femur at the
level of the hip joint or the femur per se,
with subsequent lateral displacement of the
femoral trochlea, and compensatory angu-
lation of the distal limb.

The normal values for AA in the dog, as
measured via CT in various studies, has
been reported as 28.0-33.93, 19.6,
30.4-30.5, and 19.8 degrees; using MRI the
AA has been reported as 7.6 degrees (4, 9,
11, 18, 20). In our population, the unaf-
fected dogs had a mean AA of 26 degrees.
The wide range of reported values in nor-
mal animals probably reflects a difference
between individual dog breeds, and the

large difference between the CT and MRI
measurement probably reflects a difference
in the identification of anatomical land-
marks between imaging modalities. A re-
duction in AA with medial patellar lu-
xation has been documented in several
studies; the affected dogs in our study had a
mean AA of 21.8-21.9 degrees, which
compares with previously reported values
of 20.9 and 9.6-16.6 degrees (18, 21). By
differentiating PAA and DAA, it can be
seen that the majority of the difference be-
tween normal dogs and affected limbs in
this population is as a result of torsion
along the diaphysis rather than a difference
in the angle of insertion of the femoral
neck. In Labrador Retrievers the DAA has
been measured as 20.4-25.0 degrees, as
compared to values of 14-8-17.9 degrees
found in our study subjects, suggesting a
more external diaphyseal torsion in our
population of English Staffordshire Bull
Terriers (14). As it is difficult to determine
PAA and DAA on radiographs unless a
perfect axial projection is obtained, use of
CT allows for more precise measurement
for planning purposes.

In both affected and unaffected limbs,
we also found a seemingly higher angle of
inclination (135.14-136.72 degrees) than
has been reported in previous CT studies
evaluating Labrador Retrievers (130-136
degrees), Toy Poodles (116.8-118.3 de-
grees), and a variety of breeds (130 de-
grees). However the Al was not signifi-
cantly different between groups in our
study, suggesting a ‘normal’ degree of coxa
valga in this population, especially when
compared to smaller breed dogs such as
Toy Poodles (14, 18, 21). To the authors’
knowledge, there have been no studies per-
formed thus far to directly compare CT
and radiographic determination of AL The
method of measurement of Al is important
when performing comparisons between
studies. Using the method of Montavon
and colleagues, a normal range of
140.5-156.5 degrees is commonly cited;
however using the Hauptman B technique,
as has been performed in our study and the
aforementioned CT studies, the reported
radiographic values are 129.4, 126.5-131.3,
132-137, and 136.33 degrees (5, 6, 12, 14,
16). Variations in positioning for radio-
graphic evaluation would be expected to
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influence the perceived Al, as has been re-
ported when measuring distal femoral
varus (13). The association of AI with
medial patellar luxation is unclear. Coxa
valga has been associated with medial pa-
tellar luxation in a large retrospective study
of dogs with medial patellar luxation; this
study employed the method of Montavon
and colleagues for Al measurement, thus
direct comparison between values is not
possible (22). Coxa valga may create an ab-
duction of the femur with a resultant lateral
displacement of the trochlear groove, in-
creasing the medial vector force on the pa-
tella and increasing the risk of luxation.

Whilst our results for AA were not less
than some previously reported values, in
our opinion the combination of mild retro-
version in the affected dogs and coxa valga
in the overall population of dogs suggests a
primarily abducted and retroverted coxo-
femoral joint, with subsequent lateral dis-
placement of the femoral trochlea that is
more significant than would be found with
either of these abnormalities alone.

Distal femoral varus is a malformation
that is commonly seen in patients with
medial patellar luxation, and correction of
femoral varus greater than 10-12 degrees
(aLDFA 100-102 degrees) has been sug-
gested as a primary method of realigning
the quadriceps mechanism (15, 16, 18, 23).
Of note in our population, and contrary to
our hypothesis, excessive femoral varus
was infrequently seen in either affected or
unaffected dogs, with only four limbs (1
control from an unaffected dog, and 3 af-
fected limbs) having femoral varus
measurements in excess of 12 degrees.

The tibial valgus measurement in this
study is a combined measurement of the
mechanical medial proximal tibial angle
(mMPTA) and the mechanical medial dis-
tal tibial angle (mMDTA) as previously de-
scribed separately (10). The two measure-
ments were combined in this study into
one angle for simplicity; however this does
not allow for determination of the precise
location along the bone of any deformity,
or for direct comparison to other studies.
We have however shown a decrease in the
amount of overall valgus in the tibia in af-
fected patients compared to unaffected pa-
tients; this can be thought of as a relative ti-
bial varus which may be a compensation

© Schattauer 2017

Table 1

Affected dogs versus

unaffected dogs.

Table 2

Affected limbs versus

unaffected limbs.

Table 3

Affected limbs versus

unaffected dogs.

Measurement Mean + SD Mean + SD p-value
control affected

Al 136.72 + 8.27 135.14 £ 7.27 0.62

FCT 30.68 + 4.56 3338 +3.79 0.13

AA 26.03 + 3.35 21.94 + 3.67 0.0092

PAA 7.94 +1.39 6.83 +2.45 0.19

DAA 17.92 + 3.16 14.93 +2.32 0.015

aLDFA 96.18 + 4.06 98.62 +3.23 0.12

v 11.80 = 3.11 8.87 +£2.43 0.02

TT 6.82 +5.60 5.47 + 4.88 0.64

AA = angle of anteversion; Al = angle of inclination of the femoral neck;
alLDFA = anatomical lateral distal femoral angle; DAA = distal angle of
anteversion; FCT = femoral trochanteric angle; PAA = proximal angle of
anteversion; SD = standard deviation; TT = tibial torsion; TV = tibial

valgus.
Measurement Mean + SD Mean = SD p-value
control affected
Al 136.34+829 13535+7.08 0.76
FCT 30.79 £ 4.24 33.76 + 3.87 0.094
AA 25.56 + 3.37 21.76 £3.94 0.019
PAA 7.86 £ 1.40 6.73 £ 2.62 0.19
DAA 17.56 + 3.05 14.83 £2.54 0.03
aLDFA 96.59 + 3.89 98.54 + 3.55 0.22
v 11.75 £ 3.04 830 +1.93 0.0064
1T 7.24 +5.74 451 +3.95 0.29

AA = angle of anteversion; Al = angle of inclination of the femoral neck;
alLDFA = anatomical lateral distal femoral angle; DAA = distal angle of
anteversion; FCT = femoral trochanteric angle; PAA = proximal angle of

anteversion; SD = standard deviation; TT = tibial torsion; TV = tibial

valgus.
Measurement Mean + SD Mean + SD p-value
control affected
Al 136.72£827 13535+7.08 0.69
FCT 30.68 + 4.46 33.76 = 3.87 0.1
AA 26.03 +3.35 21.76 +3.94 0.012
PAA 7.94 £1.39 6.73 + 2.62 0.18
DAA 17.92 +3.16 14.83 £ 2.54 0.022
alDFA 96.18 + 4.06 98.54 + 3.55 0.17
v 11.8 +3.11 83+1.93 0.008
T 6.82 +5.60 451 +£3.95 0.41

AA = angle of anteversion; Al = angle of inclination of the femoral neck;
alLDFA = anatomical lateral distal femoral angle; DAA = distal angle of
anteversion; FCT = femoral trochanteric angle; PAA = proximal angle of
anteversion; SD = standard deviation; TT = tibial torsion; TV = tibial
valgus.
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Table 4  Comparison with previously published computed tomography studies.

Measurement Mean + SD Mean + SD Previously reported CT values
limbs from affected limbs
unaffected dogs
Al 136.72+827  13535+7.08  130-136 (Labrador Retriever) (14)
116.8-118.3 (Toy Poodle) (18)
130 (21)
FCT 30.68 + 4.46 33.76 + 3.87 24.8-29.7 (Labrador Retriever) (14)
AA 26.03 + 3.35 21.76 £ 3.94 28.0-33.93 (Labrador Retriever) (14)
19.6 (9)
30.4-30.5 (11)
19.8 (Toy Poodle) (18)
26.6 (24)
PAA 7.94 +1.39 6.73 + 2.62 7.6-8.9 (Labrador Retriever) (14)
DAA 17.92 + 3.16 14.83 + 2.54 20.4-25.0 (Labrador Retriever) (14)
alLDFA 96.18 + 4.06 98.54 + 3.55 98.8 (9)
90.3 (normal), 89.5 (grade Il MPL), 108.1
(grade IV MPL) (Toy Poodle) (18)
96.2 (24)
v 11.8 £3.11 8.3 +1.93
T 6.82 +5.60 451 +3.95 4.5 (7)

AA = angle of anteversion; Al = angle of inclination of the femoral neck; aLDFA = anatomical lateral
distal femoral angle; CT = computed tomography; DAA = distal angle of anteversion; FCT = femo-
ral trochanteric angle; MPL = medial patellar luxation; PAA = proximal angle of anteversion; SD =
standard deviation; TT = tibial torsion; TV = tibial valgus.

for the small amount of relative coxa valga
and external femoral torsion, particularly
where an increased Al is not compensated
for by distal femoral varus. The combined
tibial valgus in a population of Labrador
Retrievers was a mean of 9.3 degrees in the
aforementioned study which compares
similarly to the results in our study, imply-
ing that neither normal nor affected Eng-
lish Staffordshire Bull Terriers have an ex-
cessive relative tibial varus or valgus (10).
Computed tomography assessment of
tibial torsion has been demonstrated to be
more accurate than using plain radio-
graphs (8). A previous study assessed cru-
ral torsion, incorporating the lateral mal-
leolus in their measurements, rather than
tibial torsion due to the ability to consist-
ently identify landmarks (24). Tibial land-
marks for assessment of torsion were
readily identifiable in this study so the
CdC-CnT axes as previously described
were employed; however this makes com-
parison with other studies difficult (7). In
Yorkshire Terriers with medial patellar lu-
xation, internal torsion of the tibia was
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found to increase with increasing grade of
medial patellar luxation (17). A normal
value for CdC-CnT using CT has been re-
ported as 4.5 degrees of internal torsion of
the cranial aspect of the distal tibia relative
to the caudal aspect of the condyles pro-
ximally, similar to our results of 4.5-7.2 de-
grees, which were not different between
groups (7). Given that external femoral tor-
sion was seen, it is interesting that a com-
pensatory internal tibial torsion was not
also found. Given the minor variation in
results depending on how the unaffected
limbs of unilaterally affected dogs were
treated, it is logical that these limbs cannot
be classified as truly normal. This is of im-
portance when planning surgical correc-
tion of medial patellar luxation, as the
contralateral limb of a unilaterally affected
dog is often used to decide upon the values
to which the abnormal limb should be sur-
gically corrected. However, our study did
not have sufficient numbers of these limbs
to evaluate them statistically as a group on
their own. It seems prudent to exclude
these limbs from analysis when trying to

determine the difference between a normal
limb and one affected by medial patellar lu-
xation.

We acknowledge several limitations in
this study. The small number of subjects
may be responsible for type II error when
comparing some measurements, and given
the large range in some measurements this
is likely. As it was not possible to reduce the
patella into the femoral trochlea in all cases
during positioning for the CT scans, the in-
vestigators were not blinded to the clinical
status of each dog. Certain measurements
were not performed in this study. Measure-
ments across joints, such as the Q angle,
were not performed due to the difficulty in
ensuring repeatable limb positioning be-
tween patients. Difficulty in accurately re-
producing some anatomical landmarks in
these dogs also precluded other measure-
ments, such as the position of the tibial
tuberosity and the depth of the trochlea. We
also did not perform any evaluation of the
intra-observer or inter-observer variation
in this study, a factor which may potentially
bias these results. However, previous studies
have evaluated the intra-observer and inter-
observer variation for the measurement of
AA, aLDFA, mMPTA, and crural torsion
angle (CTA - similar to our TT) and found
good repeatability and reproducibility (24).
Good agreement between observers was
found in another study evaluating tibial tor-
sion, again assessed in a slightly different
manner to ours (17).

In summary, medial patellar luxation in
this population of English Staffordshire
Bull Terriers was characterized by a de-
crease in femoral anteversion, external ro-
tation of the femoral diaphysis and de-
creased tibial valgus. The English Stafford-
shire Bull Terrier appears to have a relative
coxa vara when comparing to other breeds
in studies employing CT measurements.
Our hypotheses that femoral varus would
be a major contributor to medial patellar
luxation in this population was rejected.
These findings may help inform clinical
decision making for the treatment of medi-
al patellar luxation in this breed.

Author contributions

Both authors were responsible for the study
conception and design, as well as the ac-

© Schattauer 2017

Downloaded from www.vcot-online.com on 2017-06-30 | ID: 1000489118 | IP: 79.98.0.187
For personal or educational use only. No other uses without permission. All rights reserved.



M. Newman, K. Voss: Hindlimb conformation in ESBT with and without MPL

199

quisition, analysis and interpretation of
data, and the drafting and revising of the
manuscript. Both authors also read and ap-
proved the final manuscript.

Financial support

This study was funded via a grant from the
Canine Health Fund.

Conflict of interest

The authors have no conflicts of interest.

References

1.

Evans HE. Arthrology. In: Evans HE, De Lahunta
A, editors. Miller’s Anatomy of the Dog. 4th ed.
Missouri: Elsevier Health Sciences; 2013. Pg.
158-184.

Evans HE. The muscular system. In: Evans HE, De
Lahunta A, editors. Miller’s Anatomy of the Dog.
4th ed. Missouri: Elsevier Health Sciences; 2013.
Pg 185-280.

LEplattenier H, Montavon P. Patellar luxation in
dogs and cats: pathogenesis and diagnosis. Com-
pend Contin Educ Vet. 2002; 24: 234-240.

Roush JK. Canine patellar luxation. Vet
Clin North Am Small Anim Pract. 1993; 23: 855-868.
Hauptman J, Prieur WD, Butler HC, et al. The
angle of inclination of the canine femoral head and
neck. Vet Surg 1979; 8: 74-77.

Montavon PM, Hohn RB, Olmstead ML, et al. In-
clination and anteversion angles of the femoral

© Schattauer 2017

10.

1

—_

12.

13.

14.

15.

head and neck in the dog evaluation of a standard
method of measurement. Vet Surg 1985; 14:
277-282.

Aper R, Kowaleski MP, Apelt D, et al. Computed
tomographic determination of tibial torsion in the
dog. Vet Radiol Ultrasound 2005; 46: 187-191.
Apelt D, Kowaleski MP, Dyce J. Comparison of
computed tomographic and standard radiographic
determination of tibial torsion in the dog. Vet Surg
2005; 34: 457-462.

Dudley RM, Kowaleski MP, Drost WT, et al.
Radiographic and computed tomographic deter-
mination of femoral varus and torsion in the dog.
Vet Radiol Ultrasound 2006; 47: 546-552.
Dismukes DI, Tomlinson JL, Fox DB, et al. Radio-
graphic measurement of the proximal and distal
mechanical joint angles in the canine tibia. Vet
Surg 2007; 36: 699-704.

. Ginja MM, Gonzalo-Orden JM, Jesus SS, et al.

Measurement of the femoral neck anteversion
angle in the dog using computed tomography. Vet
] 2007; 174: 378-383.

Tomlinson J, Fox D, Cook JL, et al. Measurement
of femoral angles in four dog breeds. Vet Surg
2007; 36: 593-598.

Swiderski JK, Radecki SV, Park RD, et al. Compari-
son of radiographic and anatomic femoral varus
angle measurements in normal dogs. Vet Surg
2008; 37: 43-48.

Mostafa AA, Griffon DJ, Thomas MW, et al. Mor-
phometric characteristics of the pelvic limbs of La-
brador Retrievers with and without cranial cru-
ciate ligament deficiency. Am J Vet Res 2009; 70:
498-507.

Mortari AC, Rahal SC, Vulcano LC, et al. Use of
radiographic measurements in the evaluation of
dogs with medial patellar luxation. Can Vet J 2009;
50: 1064-1068.

16.

17.

18.

19.

20.

2

—

22.

23.

24.

Soparat C, Wangdee C, Chuthatep S, et al. Radio-
graphic measurement for femoral varus in Pomer-
anian dogs with and without medial patellar lu-
xation. Vet Comp Orthop Traumatol 2012; 25:
197-201.

Fitzpatrick CL, Krotscheck U, Thompson MS, et
al. Evaluation of tibial torsion in Yorkshire Terriers
with and without medial patellar luxation. Vet
Surg 2012; 41: 966-972.

Yasukawa S, Edamura K, Tanegashima K, et al.
Evaluation of bone deformities of the femur, tibia,
and patella in Toy Poodles with medial patellar lu-
xation using computed tomography. Vet Comp
Orthop Traumatol 2016; 29: 29-38.

Singleton WB. The surgical correction of stifle de-
formities in the dog. J Small Anim Pract 1969; 10:
59-69.

Kaiser S, Cornely D, Colder W, et al. The corre-
lation of canine patellar luxation and the antever-
sion angle as measured using magnetic resonance
images. Vet Radiol Ultrasound 2001; 42: 113-118.

. Towle HA, Griffon DJ, Thomas MW, et al. Preland

postoperative radiographic and computed tomo-
graphic evaluation of dogs with medial patellar lu-
xation. Vet Surg 2005; 34: 265-272.

Bound N, Zakai D, Butterworth SJ, et al. The
prevalence of canine patellar luxation in three
centres. Vet Comp Orthop Traumatol 2009; 22:
32-37.

Swiderski JK, Palmer RH. Long-term outcome of
distal femoral osteotomy for treatment of com-
bined distal femoral varus and medial patellar lu-
xation: 12 cases (1999-2004). ] Am Vet Med Assoc
2007; 231: 1070-1075.

Barnes DM, Anderson AA, Frost C, et al. Repeat-
ability and reproducibility of measurements of fe-
moral and tibial alignment using computed to-
mography multiplanar reconstructions. Vet Surg
2015; 44: 85-93.

Vet Comp Orthop Traumatol 3/2017

Downloaded from www.vcot-online.com on 2017-06-30 | ID: 1000489118 | IP: 79.98.0.187
For personal or educational use only. No other uses without permission. All rights reserved.



