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HE aim of the present study was to assess the morphology of patella on tangential

radiographs in healthy dogs and dogs affected with grade II and I1I medial patellar luxation
(MPL). The study was done on 57 dogs (42 with MPL and 15 healthy) from Mini-Pinscher,
Pomeranian, Yorkshire Terrier, and Chihuahua breeds. Seven morphometric parameters

associated with patellar shape were measured — retropatellar angle of Wiberg, lateral and

medial patellar facet angles, lateral and medial facet lengths, horizontal patellar diameter and

patellar thickness. The results demonstrated altered shape and thickness of the patella in stifle

joints affected with MPL, which were more pronounced in grade III. Medial patellar luxation

resulted in statistically significantly increased values of Wiberg angles and substantial reduction

of lateral facet angle and patellar thickness. Altered shape of the patella was manifested with

hypoplasia of patellar apex, lower patellar thickness and concave aspect of its lateral facet.

These changes in patellar morphology in small breed dogs with grade II and III MPL suggested

that the altered shape and thickness of the kneecap occurred consequently to the condition.

Keywords: Medial patellar luxation, Patellar morphology, Patellar thickness, Wiberg angle,

Small dog breeds.

Introduction

Medial patellar luxation (MPL) is a frequent
orthopaedic pathology in small dog breeds
including  Chihuahuas, Poodles, Maltese,
Pomeranians, Papillons, Yorkshire terriers and
others. The Orthopedic foundation for animals
has ranked Pomeranians as the breed with the
highest incidence of patellar luxation, with 41.2%
of dogs being affected [1, 2].

It originates as a result of complex
skeletomuscular morphological abnormalities
affecting the pelvic limb, with leading role
of abnormal development (dysplasia) of the
trochlear groove, proximal or distal positioning
of the patella (patella alta, patella baja), and
disproportionate pull force of the four quadriceps
muscles: m. rectus femoris, m. vastus intermedius,

m. vastus lateralis, m.vastus medialis [3]. The
proper functioning of the femoropatellar joint
requires alignment of m. quadriceps femoris, the
patella, the patellar ligament, the trochlear groove
and tuberositas tibiae [4,5]. The morphology
of the trochlea is essential to maintain patellar
stability. Dogs with MPL have abnormal trochlear
groove development and the degree of trochlear
dysplasia varies from almost normal trochlea to
lack of trochlear groove [6]. Patellar luxation may
be diagnosed at birth, during the growth or later
in life [7,8] .

The kneecap is exceptionally important for
stifle biomechanics and stability during flexion
and extension. It acts as a biomechanical lever
arm and improves the effective extension capacity
of the quadriceps muscle [9]. That is why the
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investigations on its position with respect to the
trochlear groove, its thickness and congruency
angle (retropatellar angle of Wiberg) are important
in the examination of stifle joints, especially those
with femoral trochlear dysplasia [10-12]. The
shape of the patella in men is described by the
classification of Wiberg based on the asymmetry
between medial and lateral patellar facets. This
classification defines three types of patellar
shapes: Wiberg type I: the medial and lateral
patellar facets are symmetrical; Wiberg type II:
medial and lateral facets are concave, the former
being shorter than the latter and Wiberg type I11:
shorter convex medial facet and concave or flat
lateral facet [13].

Except for patellar thickness, no literature data
on canine patellar shape and morphology have
been reported. The purpose of the present study
was to assess patellar morphology in healthy and
MPL-affected small breed dogs on tangential
radiographs.

Materials and Methods

Animals

Fifty-seven small breed dogs (25 Mini-
Pinschers; 14 Pomeranians; 12 Chihuahuas and 6
Yorkshire terriers) were used. Forty-two dogs (70
stifle joints) had medial patellar luxation (MPL)
— 39 joints with MPL grade II and 31 joints with
MPL grade III after routine clinical examination.
Six Mini-Pinschers, 3 Pomeranians, 3 Chihuahuas
and 3 Yorkshire terriers (15 dogs; 30 joints) free
of orthopaedic or neurological disorders were
used as control group. The orthopaedic exam
comprised patellar displacement test and dancing

Wiberg-angle

1
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Fig. 1. Measurement of Wiberg angle [13], lateral (L-FA) and medial (M-FA) patellar facet angles [15].

patella test, both of which were negative in the
healthy group. Furthermore, no asymmetry of
femoral and gluteal muscles was identified by
palpation. Neurological status exams consisted of
proprioceptive positioning by flexing the paw so
the dorsal surface was on the floor; the response in
all dogs was immediate return to normal position.
The lack of worn nails or trophic ulcers provided
evidence for lack of long-term proprioceptive
dysfunction. Patellar reflex and withdrawal reflex
were normal.

Radiography and measurements

Radiographs were obtained in tangential
projection or skyline view using a Bucky Diagnost
CS4 stationary X-ray equipment with iQ-CR
ACE acquisition station and iQ-VIEW/PRO
version 2.7 software (exposure 50 kV, 10 mAs)
after sedation with 0.075 mg/kg medetomidine
hydrochloride (Dorbene vet®, 1 mg/ml) and 7.5
mg/kg ketamine hydrochloride (Anaket®, 100
mg/ml) applied intramuscularly. The dogs were
in ventral recumbency, the knee bent as much
as possible, X-ray beam focused between the
femoral condyles.

Patellar morphometric parameters were
measured as followed: The retropatellar Wiberg
angle (Fig. 1) was formed by the medial and the
lateral patellar facet tangent [14]. The lateral and
medial patellar facet angles (L-FA, M-FA) (Fig.
1) were determined as described by Jimenez et
al. [15]. The L-FA is formed between the patellar
horizontal diameter and the lateral patellar facet
tangent, whereas M-FA was formed between the
horizontal diameter and the medial facet tangent.
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The lengths of lateral and medial patellar facets
(Fig. 2) were measured by passing a line from
the most lateral and medial edge of the patella,
respectively, to its apex [13]. The length between
the most medial edge (m) and the most lateral
edge (/) of the patella was defined as horizontal
diameter (Fig. 2), whereas the vertical diameter
e.g. thickness of the patella was measured from
the farthest anterior (a) and posterior (p) poles of
the patella [16].

All measurements were made by the same
investigator with the image analysis system of
the X-ray equipment software after preliminary
calibration with a template.

Statistical analysis

The results are presented as median and
minimum-maximum range. Differences between
healthy and MPL joints from both grades were
evaluated with the non-parametric Mann-Whitney
test at P<0.05 (MedCalc v.10.2.0.0, MedCalc
Software, Belgium).

Results

The measured patellar morphological parameters
in sound dogs and dogs with grade II/IIl MPL from
the four small breeds are presented (Table 1). The
median Wiberg angle of healthy stifles (122°) was
statistically significantly lower than that of stifles
with grade II MPL (129°; P<0.001) and grade III
MPL (132°;, P<0.001). The Wiberg angle values
were also substantially difference between stifles
with grade II and grade 111 MPL (P<0.05).

Fig. 2. Measurement of lateral facet (LF) and medial facet (MF) lengths [13] a

MF jenm)
<

The median lateral facet angle (L-FA) of
joints with grade III MPL was smaller compared
to those in healthy dogs (33° vs 39.5°; P<0.001).
The differences between L-FA of joints with grade
IIT MPL and those with grade II MPL (38°) were
also significant (P<0.001). Conversely, the medial
patellar facet angle (M-FA) was smaller (P<0.05)
in grade II MPL (34°) than in joints with grade III
MPL (39°).

The median patellar thickness (PaT) of
healthy joints was higher (3.1 mm) than that of
joints with grade II MPL (2.8 mm; P<0.01) and
grade III MPL (2.6 mm; P<0.01). There were
no statistically significant differences among the
three groups as the horizontal diameter of the
patella was concerned.

The lateral facet (LF) length in grade III
MPL was slightly decreased compared to joints
with grade II (2.7 vs 2.8 mm). The opposite was
established for medial facet (MF), which was
slightly higher in joints with grade III MPL length
(3 vs 2.9 mm). In healthy joints, median values of
LF and MF lengths were equal — 2.6 mm.

Discussion

Patellar morphology in human stifles, healthy
or MPL-affected, is described in detail [16-
18]. It was reported that in joints with patellar
luxation, the Wiberg type III patellaec were the
most commonly encountered [18,19]. Others
have demonstrated hypoplasia of patellar apex
in joints with patellar luxation compared to

nd of patellar diameters. The

horizontal patellar diameter is the distance between the most medial edge (m) and the most lateral edge

(1) of the patella. The patellar thickness is the distance between its farthest anterior (a) and posterior (p)

edges [16].
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TABLE 1. Trochlear angles, trochlear depth and patellar thickness in healthy canine stifle joints and joints with
medial patellar luxation (MPL) grade II and III. Data are presented as median (minimum-maximum).

Healthy joints MPL grade II joints MPL grade 111 Between-group
(n=30) (n=39) joints (n=31) P value
j k 1
Horizontal
5.2 (2.7-7.6 5.4 (2.7-6.6 5.3(2.5-6.3

diameter, mm ( ) ( ) ( )
Patellar 3.1(1.8-5.0) 2.8 (1.3-4.1) 2.6 (1.8-3.7) P ,<0.01; P _,<0.01
thickness, mm
LF length, mm 2.6 (1.7-4.4) 2.8 (1.5-4.3) 2.7(1.3-3.7)
MF length, mm 2.6 (1.6-4.8) 2.9 (1.6-4.1) 3.0 (1.0-3.9)
LF angle, ° 39.5 (30-52) 38 (30-69) 33 (28-54) P, ,<0.001;P, ,<0.001
MF angle, ° 35 (28-51) 34 (28-57) 39 (29-58) P, ,<0.05
WA, ° 122.5 (112-135) 129 (110-147) 132 (115-178) P, ,<0.01; P _,<0.001

P, <0.05

n — number of joints; LF — lateral facet of the patella; MF — medial facet of the patella; WA - retropatellar Wiberg angle.

healthy joints on 30° mediolateral radiographs
[18]. The patellar morphology was altered in
different forms of trochlear dysplasia, whereas
the trochlear groove shape is formed at the time
of embryonic development and does not change
during the growth [20].

To the best of our knowledge, this is the
first report investigating the shape of patella in
healthy dogs and dogs of small breeds with MPL.
The selected metric parameters, determined on
tangential radiographs allowed for satisfactory
assessment of patellar shape.

No close relationship between patellar shape
and trochlear groove shape was reported in men
[15]. In our opinion, patella location is one of
factors for the proper functioning of the stifle
joint. In healthy joints, the patella fits perfectly to
trochlear shape and depth, allowing the patella to
move smoothly in the central trochlea during stifle
flexion and extension [6].

In healthy canine stifle joints, the kneecap
shape corresponded to that of Wiberg type I, as
confirmed by the equal lateral and medial facet
lengths (2.6 mm). In stifles with grade IIT MPL,
the kneecap shape corresponded to that of Wiberg
type III —LF length smaller than MF length (2.7
vs 3 mm), L-FA smaller than M-FA (33° vs 39°),
convex shape of medial patellar facet. The cause
in our belief is the increased stress exerted from
lateral patellar surface on medial structures as a
result of impaired quadriceps mechanism. With
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time, the lateral surface becomes flatter while
the medial remains rounded (convex). Reported
data [5,21,22] showed that the higher quadriceps
angle in stifles affected with MPL was associated
with stronger patellar pulling force in medial
direction.

Panni et al. [23] affirmed that the patellar
shape was not a factor predisposing to onset of
patellar luxation, yet trochlear dysplasia may
result in alteration of the shape. Increased lateral
stresses produce a Wiberg type C patella, with a
hypoplastic medial facet and a more developed
lateral facet. The reduction of this unbalance
was suggested to decrease the incidence of type
C patella in young patients. Our study confirmed
that stifles with grade II and III MPL had altered
shape and thickness compared to sound stifles.
This was confirmed by increased median Wiberg
angle (grade III MPL — 132°; P<0.01), thinner
patella (2.6 mm; P<0.01) and lower L-FA (33°;
P<0.001). This is anticipated because despite
the occasional or permanent lameness, dogs
continued to bear weight on the affected limb,
which led to wearing of articular surfaces and
changed patellar shape. This statement disagrees
with another study in dogs with grade IV MPL,
that reported no change in patellar shape, because
the affected limb was not used, was kept flexed
and weight was born by healthy legs [24].

In line with earlier reports demonstrating
that the Wiberg angle (WA) was greater in stifles
with trochlear dysplasia and patellar luxation,



PATELLAR MORPHOLOGY IN SMALL BREED DOGS WITH... 407

our study confirmed statistically significantly
greater median WA values due to impaired
articulation between the patella and the trochlear
groove resulting from the medial shift of the
entire quadriceps mechanism. The consequence is
flattening of retropatellar surface of the kneecap.

Another human study reported shorter
horizontal patellar diameter in stifles with
patellar luxation and trochlear dysplasia
compared to healthy controls [14]. Conversely,
in experimentally induced patellar instability
in a rabbit model [9], the mean horizontal
patellar diameter was significantly greater
longer than in controls (P<0.001), while the
patellar thickness was not significantly changed,
resulting in a flatter shape. The mean Wiberg
angle was higher in the patellar instability group
(P<0.001), leading to flattened articular surface
of the kneecap. Our study in dogs has identified
only significantly reduced kneecap thickness
(P<0.01). Thinner patella and greater Wiberg
angle indicated hypoplasia of the patellar apex
in canine stifles with grade II and III MPL.

The question whether the patellar shape is
a cause of consequence of patellar luxation, is
still disputable. The observed changes in patellar
morphology in grade II and III MPL in dogs
allowed affirming that the altered shape and
thickness of the kneecap occurred consequently
to the condition.

The limitations of the present study are the
small number of examined canine stifles and the
use of a single diagnostic imaging technique.
Suggestions for future studies are increased
number of healthy dogs and patients with MPL
as well as use of other contemporary imaging
techniques (computed tomography, magnitic
resonance imaging) to compare and confirm the
findings.

Conclusion

The results from this study allowed assuming
that patellar shape was not a factor predisposing
to onset of medial patellar luxation in small
dog breeds. The increased retropatellar Wiberg
angle and substantially decreased lateral patellar
facet angle and patellar thickness, measured on
tangential radiographs in joints with grade II and
IIT MPL, provided evidence about hypoplasia
of the patellar apex, decreased thickness and
concave lateral facet of the patella resulting
from the stronger pulling force exerted by m.
quadriceps femoris in medial direction.
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