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Objective The aim of this study was to evaluate the bone deformities of the distal
femur of Toy Poodles with medial patellar luxation (MPL) using computed tomography.
Methods Computed tomography data from 37 stiﬂes of Toy Poodles (16 normal, 10
grade 2 MPL and 11 grade 4 MPL) were analysed. For trochlear morphology, sulcus
angle, medial or lateral trochlear inclination and trochlear angle were compared. For
condylar morphology, distance between the apex of the medial or lateral trochlear
ridge and the most caudal point of the medial or lateral femoral condyle (MC or LC), the
length of the cranial/middle (anterior) part (MC(a) or LC(a’)) and caudal (posterior) part
(MC(p) or LC(p’)) of distal femur and medial or lateral condyle width (MCW or LCW)
were measured, and the ratios of medial-to-lateral condyles and anterior–posterior
parts were compared.
Results Sulcus angle was signiﬁcantly higher, and medial trochlear inclination was
signiﬁcantly lower in grade 4 MPL group than other groups. Lateral trochlear inclination
was not signiﬁcantly different among 3 groups. Trochlear angles at proximal trochlear
groove were signiﬁcantly lower in grade 4 MPL group than other groups. MC/LC, MC(a)/
LC(a’), MC(a)/MC(p), and LC(a’)/LC(p’) were signiﬁcantly lower in grade 4 MPL group
than other groups; however, there were no signiﬁcant differences in MC(p)/LC(p’) and
MCW/LCW among three groups.
Conclusion Hypoplasia of the cranial and middle rather than caudal compartment of
the distal femur was the primary morphological abnormality in Toy Poodles with grade
4 MPL.

© 2021. Thieme. All rights reserved.
Georg Thieme Verlag KG,
Rüdigerstraße 14,
70469 Stuttgart, Germany

DOI https://doi.org/
10.1055/s-0041-1726084.
ISSN 0932-0814.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.

Shinji Yasukawa1,2,3 Kazuya Edamura1
Tomohiro Nakayama4 Kei Hayashi5

Bone Deformities of Distal Femur in Dogs with MPL

Yasukawa et al.

Introduction
Medial patellar luxation (MPL) is one of the most common
orthopaedic disorders in dogs.1–4 It has been reported that
severe MPL is associated with numerous bone deformities
including varus deformity of the distal one-third of the
femur, lateral torsion of the distal femur, shallow trochlear
groove with poorly developed or absent medial trochlear
ridge and hypoplasia of the medial condyle.1,3,5 Traditionally,
these bone deformities have been evaluated using plain
radiographs.6 For example, lateral and skyline views have
been used to evaluate the depth of the trochlear groove and
femoropatellar congruence.7–10 However, evaluation of the
trochlear groove by these views can be challenging because
of the difﬁculty in obtaining a proper radiographic position,11 and no adequate anatomical landmark has yet been
established. Recently, computed tomography (CT) has been
increasingly used to evaluate bone abnormalities in
dogs.11–13 In 2016, Yasukawa and colleagues reported that
Toy Poodles with grade 4 MPL had signiﬁcant femoral varus
deformity, medial displacement of the tibial tuberosity,
internal rotation of the proximal tibia and hypoplasia of
the patella as observed using three-dimensional (3D) CT.14
However, the depth of the trochlear groove and the morphology of the femoral condyles were not evaluated objectively due to lack of appropriate landmarks.
The current study aimed to establish objective methods to
evaluate the morphology of the trochlear groove and femoral
condyles in dogs with MPL. To the best of our knowledge, only
one previous study has evaluated the depth of the femoral
trochlear groove in dogs with MPL using CT.11 Morphological
evaluation of the trochlear groove and femoral condyle may
contribute to greater understanding of the pathogenesis of
canine MPL. Furthermore, objective data may help to establish the criteria for indication of trochleoplasty, which is
often determined by subjective visual inspection following
arthrotomy and the surgeon’s experience. We hypothesized
that quantitative morphological abnormalities of the distal
femur would be more severe in stiﬂes with MPL. The
objectives of this study were to determine the morphological
parameters of the distal femur (trochlear groove and the
femoral condyle) using CT and to compare these parameters
among stiﬂes without MPL, with grade 2 MPL and with grade
4 MPL to characterize the morphological abnormalities
associated with MPL.

Materials and Methods
Case Selection
Computed tomography data were obtained from both
hindlimbs of Toy Poodles with a clinical diagnosis of
unilateral or bilateral MPL (MPL groups). Computed tomography data of the hindlimbs of Toy Poodles with medical
conditions (such as humeral fracture, cervical disease,
carpal luxation and femoral head necrosis on the contralateral limb) without any stiﬂe pathology were used as the
normal group. The dogs were presented to Animal Medical
Center, Nihon University (Kanagawa, Japan) between
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April 2012 and July 2014, and consent for performing
diagnostic CT was obtained from all owners. The use of
CT data for this study was approved by the owners and the
institutional committee. The hindlimbs were classiﬁed as
normal or grade 1 to 4 MPL according to the Singleton
grading system,15 and normal stiﬂes and stiﬂes with
grades 2 and 4 MPL were included. Hindlimbs with grade
1 or 3 MPL, lateral patellar luxation, or hip and tarsal joint
diseases were excluded.

CT Imaging Protocol
All CT images were acquired on a 16-line helical scanner
(Aquilion LB 16 Slice, Toshiba Medical Systems, Otawara,
Japan) and were reconstructed as 3D images using image
processing software (AZE VirtualPlace, AZE Co., Ltd, Tokyo,
Japan). All investigated dogs were premedicated subcutaneously with atropine sulphate (Atropine sulfate injection,
Mitsubishi Tanabe Pharma Corporation, Osaka, Japan) (0.04
mg/kg) and intravenously with midazolam hydrochloride
(Dormicum injection, Astellas Pharma Inc., Tokyo, Japan)
(0.2 mg/kg) and butorphanol tartrate (Vetorphale, Meiji
Seika Pharma Co., Ltd., Tokyo, Japan) (0.2 mg/kg). Anaesthesia was induced with an intravenous injection of propofol
(Mylan, Mylan Pharma Co., Ltd., Osaka, Japan) (2.0 to 4.0
mg/kg) and maintained with 1.5% to 2.0% isoﬂurane (Isoﬂu,
DS Pharma Animal Health Co., Ltd., Osaka, Japan) at 100%
oxygen given through an endotracheal tube. Dogs were
positioned in dorsal recumbency with the hip, stiﬂe and
tarsal joints ﬂexed at approximately 90 degrees. Images were
obtained with a 0.5-mm slice thickness and 0.3-mm reconstruction intervals. A bone algorithm was used for image
analysis and images were viewed with a window width of
1,000 Hounsﬁeld units (HU) and window level 100 HU.
In preparation for CT measurement, the femur was ﬁrst
reconstructed into 3D images, and the surface structures of
distal femur were analysed by rotating the reconstructed
femur around the short or long axes as shown in ►Fig. 1.
Then, the most proximal edge of the intercondylar fossa
(point ‘a’ in ►Fig. 1A) and the most proximal border of the
trochlea groove (point ‘b’ in ►Fig. 1B) were deﬁned. In the
present study, the most proximal portion of the concave on
cranial aspect of the distal femur was used as the most
proximal border of the trochlea groove (►Fig. 1B). Second, a
representative lateral view of the distal femur was obtained.
In the present study, the lateral view of the distal femur was
deﬁned as an image in which the central one-third of the
caudal margins of the medial and lateral condyles were
overlapped (red double-headed arrow in ►Fig. 1C). Thus,
the general lateral view obtained by rotating the frontal
view of the femur by 90 degrees was not used in this study
to exclude the effects on the varus deformity or lateral
torsion of the distal femur. Third, the transverse planes of
the distal femur were obtained by slicing the distal femur
perpendicular to the line connecting the two points on
lateral view (white arrow in ►Fig. 1D). Subsequently, 20
transverse planes that sliced with equal widths were generated and numbered from distal to proximal as No.1 to 20
(►Fig. 1E).
© 2021. Thieme. All rights reserved.
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Fig. 1 Evaluation method of the morphological ﬁndings of the distal femur using three-dimensional computed tomography. (A) Point ‘a’. The
most proximal edge of the intercondylar fossa was deﬁned as point ‘a’. (B) Point ‘b’. The most proximal border of the trochlea groove was deﬁned
as point ‘b’. In the present study, the most proximal portion of the concave on cranial aspect of the distal femur was used as the most proximal
border of the trochlea groove. This ﬁgure also shows point ‘a’. (C) Lateral view of the distal femur. The lateral view of the distal femur was deﬁned
as an image in which the central one-third of the caudal margins of the medial and lateral condyles were overlapped (red double-headed arrow).
(D) Transverse planes of the distal femur were obtained by slicing the distal femur perpendicular to the line connecting the two points (a and b)
on lateral view. Twenty transverse planes that sliced with equal widths were generated. (E) Transverse planes of the distal femur. These planes
were numbered from distal to proximal as No.1 to 20.

CT Measurements: Trochlear Groove Morphology
Groove morphology was quantiﬁed based on previous human studies.16–18 On each transverse plane, the caudal
condylar line was drawn at a tangent to the most caudal
surfaces of the medial and lateral femoral condyles (dotted
green line in ►Fig. 2A). A line was drawn (solid green line in
►Fig. 2A) parallel to the caudal condylar line, passing the
bottom of the trochlear groove (red dot in ►Fig. 2A). Sulcus
angle (SA) was measured as the angle formed by the medial
and lateral trochlear facets and the deepest point of the
trochlear groove on each transverse plane (►Fig. 2B).16,17
The medial or lateral trochlear inclination (MTI or LTI) was
deﬁned as the angle between the line parallel to the caudal
condylar line and passing the bottom of the trochlear groove
and the line that was drawn along the surface of the medial or
lateral trochlear facets, respectively (►Fig. 2B).16–18 In addition, trochlear angle (TA) was deﬁned as the angle formed by
the line that was passing along the apexes of the medial and
lateral trochlear ridges on each transverse plane and the line

that was parallel to the caudal condylar line on the most
distal transverse plane (blue line in ►Fig. 2C).16,17

CT Measurements: Femoral Condylar Morphology
Each transverse plane of the distal femur was divided into
three compartments for visual presentations: (1) The ‘cranial
compartment’, the area cranial to the bottom of the trochlear
groove; (2) the ‘caudal compartment’, the area caudal to the
intercondylar fossa; and (3) the ‘middle compartment’, the
area between the cranial and caudal compartments (►Fig. 3A).
Several parameters were measured to characterize the morphological abnormalities of the distal femur associated with
MPL. The distance between the apex of the medial or lateral
trochlear ridge and the most caudal point of the medial or
lateral femoral condyle (MC or LC) was measured to evaluate
the size of the distal femur, including each femoral condyle
(►Fig. 3B). Subsequently, the MC and LC were divided into two
parts by the line that was drawn parallel to the caudal condylar
line and passing through the intercondylar fossa as follows:
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Fig. 2 Measurement values for the cranial compartment of the distal
femur. (A) Caudal condylar line: the line drawn at a tangent to the
most caudal surfaces of the medial and lateral femoral condyles on
each transverse plane (dotted green line). Solid green line was the line
that was drawn parallel to the caudal condylar line, passing the
bottom of the trochlear groove (red dot). (B) Sulcus angle (SA): the
angle formed by the medial and lateral trochlear facets (yellow line)
and the deepest point of the trochlear groove. Medial or lateral
trochlear inclination (MTI or LTI): the angle between the line parallel to
the caudal condylar line and passing the bottom of the trochlear
sulcus (solid green line) and the line that drawn along the surface of
the medial or lateral trochlear facets (yellow line) respectively. (C)
Trochlear angle (TA): the angle formed by the line that was passing
along the apexes of the medial and lateral trochlear ridges on each
transverse plane (yellow line) and the line that was parallel to the
caudal condylar line on the most distal transverse plane (blue line).

The anterior part (cranial comportment and middle compartment; MC (a) or LC (a’)) and the posterior part (caudal
compartment; MC (p) or LC (p’)) (►Fig. 3C). In this study, ‘a’
for anterior part (cranial/middle compartments combined)
and ‘p’ for posterior part (caudal compartment) were used
to avoid confusion between the various ‘c’. The width of the
medial or lateral condyle (MCW or LCW) was measured at the
level of the line that was drawn parallel to the caudal condylar
line and passed through the midpoint of MC (p) or LC (p’)
(►Fig. 3D). Then, the ratio of MC/LC, MC (a)/LC (a’), MC (a)/MC
(p), LC (a’)/LC (p’), MC (p)/LC (p’) and MCW/LCW was calculated
to evaluate the morphological relationship between the medial and lateral condyles as well as the anterior part (craniomiddle compartments) and posterior part (caudal compartment). All values were obtained using a PACS workstation
(Osirix, Osirix Foundation, Lausanne, Switzerland).

Statistical Analysis
Statistical analyses were performed using a data analysis
software package (GraphPad Prism version 6.0 for Macintosh, GraphPad Software Inc., San Diego, California, United
States). Normality of the data was tested using the D’Agostino-Pearson omnibus normality test. A one-way analysis of
variance was performed to compare the groups. Tukey’s
multiple comparison was used as the post-hoc test. Values
are expressed as mean and standard deviation. Values of
p < 0.05 indicated a signiﬁcant difference.

Results
Patients
Thirty-seven hindlimbs of 27 Toy Poodles were included in
this study (16 normal stiﬂes, 10 stiﬂes with grade 2 MPL and
Veterinary and Comparative Orthopaedics and Traumatology
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Fig. 3 Measurement values to evaluate the relationship between
cranio-middle and caudal compartments. (A) Classiﬁcation on transverse planes of the distal femur. Each transverse plane of the distal
femur was divided into three compartments as follows: The ‘cranial
compartment’, the area cranial to the bottom of the trochlear groove;
the ‘caudal compartment’, the area caudal to the intercondylar fossa;
the ‘middle compartment’, the area between the cranial and caudal
compartments. (B) MC or LC: the distance between the apex of
the medial or lateral trochlear ridge and the most caudal point of the
medial or lateral femoral condyle respectively. (C) MC and LC were
divided into two parts by the line that was drawn parallel to the caudal
condylar line and passing through the intercondylar fossa (green
dotted line) as follows: the anterior part (cranial compartment and
middle compartment), MC (a) or LC (a’); and the posterior part (caudal
compartment), MC (p) or LC (p’). (D) Medial or lateral condylar width
(MCW or LCW): The width of the medial or lateral condyle at the level
of the line that was drawn parallel to the posterior condylar line (green
line) and passed through the midpoint of MC (p) or LC (p’).

11 stiﬂes with grade 4 MPL). The mean age of the dogs was
1.0  1.7 years (range: 3 months to 7 years), and the mean
body weight of all evaluated dogs was 2.9  1.4 kg (range,
1.35–6.38 kg). The dogs included 12 males (7 intact, 5
neutered) and 15 females (9 intact, 6 spayed). There were
no signiﬁcant differences in age, body weight and sex among
groups. In the normal group, 16 limbs without any orthopaedic conditions of 13 dogs without any stiﬂe pathology
were included (both stiﬂes were included in 3 dogs, each of
which had a humeral fracture, cervical disease and carpal
luxation). In the grade 2 MPL group, 10 limbs of 8 dogs were
included; in the contralateral limb of the 8 dogs, 2 dogs had
grade 2 MPL, 2 dogs had grade 4 MPL and 4 dogs had
conditions that met the exclusion criteria such as grade 1
or 3 MPL, lateral patellar luxation or hip and tarsal joint
diseases. Both limbs were included in the 2 bilateral grade 2
MPL cases. In the grade 4 MPL group, 11 limbs of 8 dogs were
included; in the contralateral limb, 2 dogs had grade 2 MPL, 3
dogs had grade 4 MPL and 3 dogs had conditions that met the
exclusion criteria, as described in the section above. In 3
© 2021. Thieme. All rights reserved.
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Fig. 4 Measurement values of sulcus angle. Mean values in the same
transverse plane that have superscript reference symbols are signiﬁcantly different among the groups (p < 0.05). (  normal vs. grade 2
MPL; †, normal vs. grade 4 MPL; §, grade 2 MPL vs. grade 4 MPL). MPL,
medial patellar luxation.

bilateral grade 4 MPL cases, both limbs were included. Two
dogs with grade 2 and grade 4 MPL on each stiﬂe were
included in this study.

CT Measurements
The SA was reliably determined on No.1 to 8 out of 20
transverse planes in all groups (►Fig. 4). The SA in the
more proximal part could not be reliably measured in
some dogs because the trochlear groove was visually ﬂat.
In contrast, the TA could be determined in all 20 transverse
planes (►Fig. 5). Other measurement values including the
MTI, LTI, MC/LC, MC (a)/LC (a’), MC (a)/MC (p), LC (a)/LC (p),
LC (a’)/LC (p’), MC (p)/LC (p’) and MCW/LCW were evaluated
only on No.1 to 4 transverse planes in all groups (►Tables 1

Yasukawa et al.

and 2), because caudal compartment could not be clearly
identiﬁed on No.5 to 20 of transverse planes.
The SA was signiﬁcantly higher in the grade 4 MPL group
than in the normal group at all planes (►Fig. 4). In the distal
half of the trochlear groove (from planes No.1 to 5), the SA
was signiﬁcantly higher (ﬂat angle) in the grade 4 MPL group
than in the grade 2 MPL group (►Fig. 4). At the mid-distal
location of the groove (plane No.5), the SA was signiﬁcantly
higher (ﬂat) in the grade 2 MPL group than in the normal
group (►Fig. 4). The MTI was also signiﬁcantly lower in the
grade 4 MPL group than in the other groups at all examined
planes (►Table 1). In contrast, there was no signiﬁcant
difference in the LTI among the groups (►Table 1).
The TA decreased from the distal to the proximal trochlear
groove in the grade 4 MPL group, whereas it increased from
the distal to the proximal trochlear groove in the other
groups (►Fig. 5). On the No.1 to 6 transverse planes, the
TA was signiﬁcantly higher in the grade 4 MPL group than in
the other groups. In contrast, on No.14 to 20 transverse
planes, the TA was signiﬁcantly lower in the grade 4 MPL
group than in the other groups, while on No.10 to 20
transverse planes, the TA was signiﬁcantly higher in the
grade 2 MPL group than in the normal group.
The MC/LC was generally lower in the grade 4 MPL group
than in the other groups (►Table 2). The MC (a)/LC (a’), MC
(a)/MC (p) and LC (a’)/LC (p’) were signiﬁcantly lower in the
grade 4 MPL group than in the other groups (►Table 2). In
contrast, there were no signiﬁcant differences in MC(p)/LC
(p’) among the groups (►Table 2). In addition, MCW/LCW
generally showed no signiﬁcant differences among the
groups (►Table 2).
Taken together, no signiﬁcant bone abnormalities were
found in the distal femur in the grade 2 groups, with the
exception of a poorly developed proximal medial trochlear

Fig. 5 Measurement values of trochlear angle. Mean values in the same transverse plane that have superscript reference symbols are
signiﬁcantly different among the groups (p < 0.05). ( normal vs. grade 2 MPL; †, normal vs. grade 4 MPL; §, grade 2 MPL vs. grade 4 MPL). MPL,
medial patellar luxation.
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Table 1 Measurement values for MTI and LTI
Normal
MTI

LTI

Grade 2
§

30.8  9.7

Grade 4
12.9  9.2†

§

No.1

29.1  5.8

No.2

21.0  5.3§

20.0  6.2§

6.0  7.9†

No.3

17.2  3.8

§

§

3.7  4.9†

No.4

13.9  4.5§

13.2  7.7§

0.6  5.1†

15.5  8.5

No.1

31.0  6.7

29.0  8.8

25.7  8.2

No.2

24.0  4.5

18.7  8.7

21.3  8.0

No.3

21.6  5.4

16.9  8.0

16.3  7.6

No.4

23.1  4.8

17.1  6.1

18.1  7.4

Abbreviations: LTI, lateral trochlear inclination; MPL, medial patellar luxation; MTI, medial trochlear inclination.
,†, §
Mean values in the same row that have superscript reference symbols are signiﬁcantly different between MPL grade groups (p < 0.05)
(, vs. normal; †, vs. Grade 2 MPL; §, vs. Grade 4 MPL).

Table 2 Measurement values for the distal femur

MC/LC

MC(a)/LC(a’)

MC(a)/MC(p)

LC(a’)/LC(p’)

MC(p)/LC(p’)

MCW/LCW

Normal

Grade 2

Grade 4

No.1

0.95  0.04

1.00  0.04§

0.91  0.07†

No.2

0.96  0.04§

0.97  0.04§

0.89  0.07†

No.3

0.96  0.03§

0.97  0.04§

0.90  0.07†

§

0.89  0.07†

No.4

0.95  0.03

0.99  0.09

No.1

0.94  0.12§

1.06  0.15§

0.69  0.25†

No.2

0.95  0.07§

0.98  0.08§

0.76  0.17†

No.3

0.95  0.05§

0.97  0.07§

0.83  0.12†

No.4

0.94  0.04

§

§

0.83  0.10†

No.1

0.47  0.08§

0.51  0.20§

0.23  0.08†

No.2

0.86  0.19§

0.90  0.31§

0.47  0.22†

No.3

1.55  0.30

§

§

0.99  0.40†

No.4

2.50  0.56§

2.09  0.49§

1.44  0.47†

No.1

0.49  0.11§

0.49  0.19§

0.34  0.06†

No.2

0.89  0.19§

0.92  0.30§

0.58  0.15†

No.3

1.58  0.28

§

1.71  0.50

§

1.14  0.31†

No.4

2.60  0.60§

2.10  0.36

1.00  0.13

1.62  0.51

1.68  0.42

No.1

0.96  0.02

0.97  0.03

0.98  0.03

No.2

0.97  0.02

0.97  0.01

0.97  0.04

No.3

0.97  0.02

0.97  0.01

0.98  0.02

No.4

0.97  0.01

0.97  0.02

0.98  0.03

No.1

0.88  0.04

0.95  0.08

0.97  0.17

No.2

0.87  0.06§

0.95  0.09

1.01  0.20

No.3

0.90  0.05

0.97  0.07

0.99  0.15

No.4

0.88  0.09

0.86  0.10

0.89  0.13

Abbreviation: MPL, medial patellar luxation.
, †, §
Mean values in the same row that have superscript reference symbols are signiﬁcantly different between MPL grade groups (p < 0.05)
(, vs. Normal; †, vs. Grade 2 MPL; §, vs. Grade 4 MPL).

Veterinary and Comparative Orthopaedics and Traumatology

Vol. 34

No. 5/2021

© 2021. Thieme. All rights reserved.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.

308

Yasukawa et al.

Fig. 6 Lateral views and No. 2 transverse planes of the distal femur in each group obtained by three-dimensional computed tomography. (A)
Normal, (B) grade 2 MPL, (C) grade 4 MPL. a: Cranial compartment (trochlear groove), b: Middle compartment (bone under trochlear groove:
sub-trochlear bone; blue zone), c: Caudal compartment (medial or lateral condyle; green zone). In the grade 4 MPL group, hypoplasia of the
trochlear ridge (a: cranial compartment) and sub-trochlear bone (b: middle compartment; blue zone) was observed, and these abnormalities
tended to be more severe on the medial side than on the lateral side (C). On the other hand, that hypoplasia of the caudal compartment (green
zone) was not identiﬁed in any groups including the grade 4 MPL group (C). MPL, medial patellar luxation.

ridge (►Fig. 6). In contrast, signiﬁcant hypoplasia of the
trochlear groove was detected in the grade 4 MPL group, but
signiﬁcant hypoplasia of the medial condyle of the femur was
not identiﬁed. Hypoplasia of the trochlear ridge (cranial
compartment, ►Fig. 6C) and the bone under the trochlear
groove (sub-trochlear bone, middle compartment, blue zone
in ►Fig. 6C) was the primary anatomical abnormality observed in the grade 4 MPL cases.

Discussion
In the present study, the morphology of the distal femur was
evaluated objectively using 3D-CT imaging in dogs with and
without MPL. Our results demonstrated that there were significant differences in several parameters in the grade 4 MPL
group compared with the normal and grade 2 MPL groups. It
has been reported that hypoplasia of the trochlear groove
occurs in dogs with severe MPL.1,3–5,15 However, there are
no standardized methods to evaluate the depth of the trochlear
groove because measurements can vary depending on the
patient positioning and anatomical location. Recently, Petazzoni and colleagues proposed a method for trochlear groove
depth measurement using CT in normal dogs.12,13 In the
present study, sequential analysis of the distal femur was
conducted including both the trochlear groove and the femoral
condyle using 3D-CT imaging in dogs with grade 2 and 4 MPL.
As a result, the morphology of the distal femur can be assessed
at various locations, regardless of the positioning. The present
study details the characteristics of the morphological abnormalities of the distal femur, and the results of the SA measurement indicate that hypoplasia of the trochlear groove was

present only in the grade 4 MPL group. The transverse CT
images in the present study were images that were perpendicular to the line connecting point a and b, not images that were
perpendicular to the surface of trochlear groove. Therefore, SA
that measured on the distal plane was tended to be affected by
femoral morphology with strongly curved shape. However, the
trends in SA among the groups could be identiﬁed because SA
was measured under the same conditions. In addition, the
results of MTI and LTI measurement indicated that the medial
ridge of the trochlea was hypoplastic in the grade 4 MPL group.
These ﬁndings indicate that the apparently shallow groove is
actually due to hypoplasia of the ridges in grade 4 MPL.
In the current study, the TA results were unique in the
grade 4 MPL group compared with the other groups (►Fig. 5).
In human medicine, the TA has been used to examine the
relationship between patellofemoral alignment and indices
of knee pain and dysfunction.17 Furthermore, the TA has also
been used to evaluate the degree of inclination of the
trochlear groove to the medial or lateral direction.16,17 In
the present study, the TA in the grade 4 MPL group indicated
that the trochlear inclination to the medial direction was
present toward the distal end of the femur. In contrast, the
results of the MTI and the TA in the grade 2 MPL group
reﬂected a poorly developed proximal medial trochlear ridge
rather than trochlear inclination. In addition, no hypoplasia
of the lateral ridge was observed in the grade 2 MPL group:
this result suggested that repetitive luxation of the patella
early in life may prevent normal development of the medial
ridge in the proximal part. Future studies evaluating the
effect of age and other grades of MPL are needed to conﬁrm
these ﬁndings.
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Most previous studies have demonstrated that the hypoplasia of the medial condyle of the femur occurs in severe
MPL cases.1,3–5 However, to the best of our knowledge, no
published study has objectively evaluated the morphology of
the femoral condyle with severe MPL. In the present study,
the morphology of the distal femur was evaluated in three
compartments. The results from MC (p)/LC (p’) and
MCW/LCW showed no hypoplasia of the caudal compartment in any groups, including the grade 4 MPL group. In
contrast, the results of MC (a)/MC (p), LC (a’)/LC (p’) showed
that hypoplasia of the cranial and middle compartments was
the primary anatomical abnormality in the grade 4 MPL
group (►Fig. 6). In addition, the results of MTI, MC/LC and MC
(a)/LC (a’) indicated that the abnormalities tended to be more
severe on the medial side than on the lateral side.
In previous studies, articulation of the patella within the
trochlear groove during development has been considered to
inﬂuence the depth of the trochlear groove.1 However, the
results of this study indicated that the bone abnormality in
the distal femur associated with MPL was hypoplasia of the
trochlear ridge and sub-trochlear bone, rather than the
shallow trochlear groove (►Fig. 6). Therefore, patellar tracking during development may be essential for the normal
development of both the cranial and middle compartments
of the distal femur. Surgical procedures to treat MPL aim to
correct malalignment of the quadriceps mechanism and
generally involve a combination of soft tissue reconstruction,
trochleoplasty and lateral transposition of the tibial tuberosity.1–4 Trochleoplasty is used to prevent reluxation of the
patella and is intended to improve the depth of the shallow
trochlear groove and increase the contact area between the
patella and the trochlear groove. However, indications for
this procedure mainly depend on the surgeon’s experiences.19,20 These results could be useful to determine the
indication for trochleoplasty, and it may be necessary to
take the trochlear inclination to the medial direction into
consideration in the distal half of the trochlear groove when
trochleoplasty is performed in the grade 4 MPL group.
Furthermore, trochleoplasty should be performed carefully
to avoid the iatrogenic fracture of the distal femur for dogs
with grade 4 MPL because these dogs often have hypoplasia
of the cranial and middle compartments of the distal femur
(►Fig. 6).
The current study evaluated Toy Poodles with only grades
2 and 4 MPL. Most previous radiographic studies that have
examined bone morphologies of the distal femur associated
with MPL have included various breeds and grades.21–23 To
decrease the variability associated with anatomic variations
among breeds, we focused on a single breed that is known to
have a breed predilection for MPL.3,24,25 Future studies will
be necessary to understand the differences in pathology in
various breeds by examining more dogs of other breeds.
Furthermore, we did not evaluate the bone morphology in
the dogs with grades 1 and 3 MPL due to the small sample
size during the investigation period. Thus, if the parameters
were evaluated in dogs with grades 1 and 3 MPL, the
understanding of bone deformities of the distal femur associated with MPL will be improved.
Veterinary and Comparative Orthopaedics and Traumatology
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The limitation of this study was the inclusion of young
immature dogs to evaluate bone deformities of the distal
femur. Grade 4 MPL cases are often treated at very young age.
When a study on bone deformity is conducted using grade 4
MPL cases, data on very young dogs are valuable, clinically
relevant, therefore should be included. Thus, younger dogs
were included in normal and grade 2 MPL groups as well as in
grade 4 MPL group and the groups were set up so that there
was no signiﬁcant difference in the age of month among the
groups. The present study also included some dogs with
bilateral MPL. However, it was conﬁrmed that the presence
of contralateral MPL does not have a signiﬁcant effect on
bone morphology in our preliminary and previous published
studies.14 In the present study, CT was used to evaluate the
morphology of the trochlear groove. CT can only assess
osseous trochlear morphology. In contrast, MRI studies can
reveal chondral morphology. Therefore, it might be preferable to use MRI to accurately determine the shape of the
trochlear groove.
In conclusion, hypoplasia of the cranial and middle compartments of the distal femur was the primary morphological abnormality in Toy Poodles with grade 4 MPL. In addition,
no signiﬁcant hypoplasia of the caudal compartment was
identiﬁed in any of the dogs evaluated in this study. In
contrast, no signiﬁcant bone deformities, with the exception
of a poorly developed proximal medial trochlear ridge, were
observed in the grade 2 MPL group. The results of the present
study provide new ﬁndings related to bone deformities in
MPL and contribute to a better understanding of the pathophysiology and treatment strategy for MPL in dogs.
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