
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tveq20

Veterinary Quarterly

ISSN: 0165-2176 (Print) 1875-5941 (Online) Journal homepage: https://www.tandfonline.com/loi/tveq20

Investigation into the heredity of congenital lateral
patellar (sub) luxation in the Shetland pony

W. A. Hermans , A. W. Kersjes , G. J. W. van der Mey & K. J. Dik

To cite this article: W. A. Hermans , A. W. Kersjes , G. J. W. van der Mey & K. J. Dik (1987)
Investigation into the heredity of congenital lateral patellar (sub) luxation in the Shetland pony,
Veterinary Quarterly, 9:1, 1-8, DOI: 10.1080/01652176.1987.9694070

To link to this article:  https://doi.org/10.1080/01652176.1987.9694070

Copyright Taylor and Francis Group, LLC

Published online: 01 Nov 2011.

Submit your article to this journal 

Article views: 713

View related articles 

Citing articles: 12 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=tveq20
https://www.tandfonline.com/loi/tveq20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/01652176.1987.9694070
https://doi.org/10.1080/01652176.1987.9694070
https://www.tandfonline.com/action/authorSubmission?journalCode=tveq20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tveq20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/01652176.1987.9694070
https://www.tandfonline.com/doi/mlt/10.1080/01652176.1987.9694070
https://www.tandfonline.com/doi/citedby/10.1080/01652176.1987.9694070#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/01652176.1987.9694070#tabModule


ORIGINAL PAPERS

Investigation into the heredity of congenital
lateral patellar (sub) luxation in the Shetland
pony

W. A. Hermans', A. W. Kersjes', G. J. W. van der Mey2, and
K. J. Dik3

SUMMARY A breeding experiment was carried out in a group of Shetland ponies in order to
Investigate the heredity of congenital lateral patellar (sub) luxation. A breeding herd was
established and consisted of stallions and mares acquired at different times. Some were free
from, and others were affected by lateral patellar (sub)luxation in either one or both femoropa-
tellar joints.
Over a period of 20 years, 49 foals were born from different mating combinations. Some
offspring were free from the defect and others showed the abnormality. Though the number of
foals bred during the experiment is rather small, there is sufficient evidence to suggest a
monogenic autosomal recessive hereditary transmission of the defect.

INTRODUCTION

Few accurate and reliable investigations of hereditary conformation defects in
horses have been conducted. Several defects in horses are suspected to be heredi-
tary, or to bear a hereditary component (1, 2). The main factor inhibiting equine
heredity research is that it is very time-consuming, because the horse is slow in
maturing, and relatively unprolific.
The Shetland pony is a popular breed in the Netherlands. Introduced mainly in the
early thirties, it was previously intensively used as a light draft animal in fruit- and
vegetable-cultivating areas; numbers continued to increase up to a decade ago, and
still remain high. The pony's new role is as a companion animal. With this increased
breeding some undesirable conditions appeared, the most frequent of which are
persistent ulna and fibula (4) and lateral patellar (sub)luxation. The latter condition
can be of traumatic origin, but is usually congenital. The possibility of a hereditary
component was therefore not unreasonable, and a limited breeding programme
was thus initiated in order to investigate and possibly affirm the heredity of the
defect.
Lateral patellar luxation is an abnormality located in the femoropatellar articulation
of the stifle joint. The femoropatellar joint is formed between the trochlea of the
femur and the articular surface of the patella. The trochlea consists of two ridges
separated by a groove, and it is very asymmetrical: the medial ridge is much the
larger, wider and more prominent of the two (especially at its proximal part) and it
extends more proximately than the lateral ridge (6).
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The patella may be consideredas a sesamoid bone, interposed in the insertion of the
quadriceps muscle. The patellar ligaments are three strong bands which attach the
patella to the tuberosity of the tibia and are in reality the tendons of insertion of the
quadriceps femoris and biceps femoris muscles, transmitting the action to the tibia.
It appears that the patella moves dorsally and ventrally in the groove of the
trochlea, but during motion the femur is in fact also moving and the trochlea
changes its position with regard to the patella. When the stifle flexes the patella
'goes down', when the stifle extends the patella 'goes up'. The movement of the
patella is smooth and almost vertical.
In general, luxation of the patella means a dislocation of the patella out of the
normal position, at rest or during movement. The shape of the trochlea in horses,
with the high and prominent medial ridge, permits (except in cases of violent
trauma) only lateral displacement of the patella i.e. the patella is displaced to the
outside of the joint, or moves laterally during movement, to different degrees.
Distinction is made between recurrent lateral (sub)luxation and permanent lateral
luxation (5).

MATERIALS AND METHODS

Composition of the breeding herd

Breeding started with a group of acquired ponies, 3 stallions and 5 mares (acquired from
1959 to 1970) (Table 1). One stallion was abnormal (showing bilateral congenital lateral
patellar subluxation)and two were clinically normal. Of the mares three were abnormal, twowere normal.

Table I. Composition of the breeding herd.

Acquired Stock
Male: Female:

normal 2 normal 2
abnormal I abnormal 3

Homebred Stock
Male: Female:

normal I normal 8

abnormal 2 abnormal 7

Though the purchased animals were pedigree animals there was no information concerning
abnormal ancestors in the pedigrees. From the original stock a number of male and female
foals were bred, some of which were included in the breeding herd after maturity. Thus, three
homebred colts (two affected, one normal) and fifteen homebred fillies (seven affected, eight
normal) were added to the breeding herd. Non-resident stallions were neverused, except for
one instance in which an approved, phenotypically normal stallion, at public service, served
one mare. From this mixed group of purchased and homebred stock 49 foals (homebred
animals included) were bred.

Clinical examination

The animals were examined by observing the gait and by inspection and palpation of the
stifle joints. This was carried out at least three times: after birth, later in life, and before
euthanasia.
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Radiographic examination

Both stifles of 18 ponies were examined by routine lateromedial and posterior-anterior
views, with the unsedated animal standing. In a second group of 20 ponies, stifles were
examined by means of skyline (tangential) views of the patella, the anaesthesised animal
being positioned in lateral recumbency. Two normal and two abnormal isolated stifle joints
from the second group were further examined post-mortem, after removal of the soft tissues.
From each specimen several skyline views were made, the patella being angled in different
positions with respect to the central beam.

Post-mortem examination

From the total of 58 ponies involved in the experiment, the stifle joints of 18 were examined
macroscopically for lesions in cartilage and synovial membrane and for remodelling of the
trochlear ridges and the patella.

RESULTS

Clinical findings

It is difficult to give a clear-cut survey of the clinical findings. The acquired ponies
came to the clinic at different ages. The ponies bred during the experiment showed a
wide range of clinical symptoms. The degree of luxation of the patella varied
considerably in the different ponies, not only between the two hindlegs in the same
pony, but also during the life of one and the same pony. Clinical signs depend
entirely on the severity of the displacement of the patella.
In new-born foals with a completely laterally displaced patella (permanent lateral
luxation), the quadriceps muscles' line of force was changed by the lateral dis-
placement of the patella, and contraction then resulted in flexion instead of exten-
sion of the joint. As soon as these foals attempted to get up after birth, they were
unable to extend the stifle joint, and as extension of the stifle joint and the hock joint
are linked, they were also unable to extend the hock joint. They got up in front, and
'sat' behind (Fig. 1).
In the majority of foals with (recurrent) bilateral lateral patellar subluxation, the
quadriceps muscle was still able to extend the stifle joint. In those cases the foals
appeared quite normal. Only on closer observation could one distinguish abnormal-
ities both in the standing position (cow-hocked) and when the foal was moving
(stiffness and/or slight lameness). The patella could usually be easily manipulated
laterally, and then replaced in the trochlea. In some cases a slight distension of the
femoro-patellar joint was present.

Radiology

In the first group of (18) ponies, lateromedial and posterior-anterior views confirm-
ed the clinical diagnosis if the location of the patella was either normal of com-
pletely abnormal. Radiographic visualisation of lateral subluxation was unreliable.
The skyline view used in the second group of (20) ponies not only confirmed the
normal findings and complete lateral luxations but allowed visualisation of mini-
mal subluxations as well. Skyline views also showed a difference of the patellar
shape corresponding with the position of the patella. A normally positioned patella
presented the usual triangular shape, with sharp. V-shaped medial and lateral angles
and a prominent articular ridge corresponding with the groove of the trochlea
femoris (Fig. 2a). A slightly displaced patella showed a less obvious triangular
shape, the medial and lateral angle being more rounded, and the articular ridge less
prominent (Fig. 3). A completely luxuated patella was ovoid instead of triangular,
and its articular ridge was flat instead of rounded (Fig. 4). However, post-mortem
skyline views revealed the above-mentioned changes of the patellar shape in the
normal as well as the abnormal stifles, if the patella was angled at a different
position with respect to the central beam (Fig. 2b, c).
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Fig. I. Bilateral luxation of the patella.

Fig. 2a. Skyline view showing a normally posi-
tioned patella, presenting the usual transverse
triangular shape with sharp V-shaped medial and
lateral angles, and a prominent articular ridge
corresponding to the groove of the trochlea femo-
ris.

Post-mortem examination

In many stifle joints colour changes of cartilage and/or subchondral bone could be
observed but a relationship with the clinical picture was not established. The
cartilage of both patella and trochlea were often locally damaged: (longitudinal)
erosions of cartilage, sometimes covered with rough fibrous connective tissue, and
discoloured subchondral tissue were observed. Hypertrophy of the synovial mem-
brane, with villous growth of the inner surface, and/or vascular congestion was
observed in different cases. In one case a large osteochondral defect was observed,
located in the lateral ridge of the trochlea. The normal trochlea consists of two
ridges, separated by a groove. As mentioned earlier, it is very asymmetrical: the
medial ridge is much wider, more prominent and extends higher than the lateral
one. The two converge distally. The ridges are rather acute-angled: the lateral one
over the comPlete length; the medial in the lower half, the upper half markedly
broadening, mainly towards the medial side, giving the medial outlinea concave
curve (Fig. 5). The changes associated with lateral luxation of the patella consisted
of a broadening and flattening of the ridges. The broadening and flattening of the
lower half of the medial ridge was often marked and consequently the concave curve
of the medial outline either disappeared, or became convex. Generally the changes
affected the trochlea of both hindlegs (Fig. 6b), but were sometimes more promi-
nent in one leg (Fig. 6a). These changes coincided with the clinical picture, with the
exception of one pony with almost normal clinical and radiological features, but
with the specific changes of the medial trochlear ridge, mainly in the right stifle
joint. This pony was therefore finally considered abnormal. These changes of shape
appeared in ponies of different ages, but no relationship between ageand deviation
of shape was apparent.

Breeding results

The matings and their results are shown in Table 2.
To avoid misunderstanding it should be stated that the terms normal and abnormal
are based on the phenotype, i.e. the results of clinical and/or radiological and/or
post-mortem examination.
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Fig. 2b. Post-mortem skyline view of the same
(2a) joint presenting the normal patellar shape.

Fig. 2c. Post-mortem skyline view of the same
(2b) stifle. Rotation of the patella towards the
central beam results in a completely different pa-
tellar shape.

As normal parents occasionally produced affected offspring, the possible heredity
mechanism is likely to be a recessive one. As it was impossible to divide the normal
parents into homozygous and heterozygous animals, we could discriminate be-
tween only 1) uncertain and 2) carrier. We considered a normal pony as a carrier if
he/she had one abnormal parent, or produced at least one affected foal. If we had
no information about the parents and the ponies had only normal foals, he/she was
considered uncertain.
The results of the matings can be summarised s follows:
1. Normal and affected (abnormal) foals were born from matings: normal x normal
and normal x abnormal, irrespective of sex of the parents (normal and abnormal),
or of the classification of the normal parents (carrier or uncertain).
2. Abnormal x abnormal matings produced abnormal (affected) foals only.
3. The offspring of carrier parents numbered 6 foals: 5 normal and 1 abnormal.
4. The offspring of matings between abnormal and carrier parents consisted of
16 + 7 = 23 foals: 13 normal and 10 abnormal.
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Fig. 3. Skyline view showing a lateral subluxa-
tion of the patella. The lateral and medial patellar
angle are rounded, and the articular ridge is less
prominent.
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Fig. 4. Skyline view of a complete lateral pa-
tellar luxation. The patella is ovoid instead of
triangular, similar to the normal but rotated pa-
tella of Fig. 2c.

Fig. 5. NormalLy shaped trochlear ridges.

Fig. 6a. Unilateral patellar subluxation with a remodelled medial trochlear ridge of the right femur.
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Fig. 6b.

Table 2.

Bilateral reshaped medial trochlear ridges of the femur.

Parents and offspring.

Parents Offspring

Male Female normal abnormal
carrier x carrier 5 I

uncertain x carrier 2

uncertain x uncertain 2

carrier x abnormal 9 7)
) 13 : 10

abnormal x uncertain 4 3)

abnormal x uncertain 5

abnormal x abnormal 11

27 22

DISCUSSION

Though horse breeders through the ages have generally accepted that some defects
in horses are hereditarily transmitted, there has so far been very little thorough
research done to prove the role of heredity in the different suspected defects.
Congenital patellar subluxation in horses has been reported to be hereditary and
transmitted by a recessive gene, but insufficient evidence is given for this statement
(2, 7). Gadgil et al. (3) have reported the recessive heredity of predisposition for
patellar luxation in Indian cattle.
In this study congenital lateral patellar (sub)luxation in the Shetland pony was
examined clinically, radiologically and pathologically.
The clinical findings were somewhat inconsistent. Much variation was observed,
but clinical examination i.e. palpation of the stifle joints usually allows demonstra-
tion of the presence or absence of lateral patellar (sub)luxation.
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Radiographic examination demonstrates the location of the patella and will there-
fore confirm the clinical diagnosis, but does not offer essential additional informa-
tion. A cOmplete patellar luxation is visible on lateromedial and posterior- anterior
views. A skyline view is required for accurate visualisation of an incomplete
luxation. The differences in the patellar shape visible on skyline views, are not
caused by remodelling but result from rotation and radiographic distortion due to
the abnormal location of the patella with respect to the central beam. None of the
views (latero-medial, anterior-posterior and skyline) will show the broadening of
the lower half of the medial trochlear ridge.
During the 20 years the breeding experiment lasted, only a limited number of
animals have been examined post-mortem. The pathological changes of the articu-
lar cartilage, the synovial membrane and the shape of the trochlear ridges varied
markedly. The incidence and extent of lesions was not a safe guide for the distinc-
tion between normal and abnormal, if compared with clinical and radiological
findings. We attempted to demonstrate differences in the ratio of the height of the
medial and lateral trochlear ridge to the groove. These data did not show significant
differences between normal and abnormal animals. Only the broadening and
flattening of the distal part of the medial ridge, often resulting in disappearance of
the concave outline, was shown to be a characteristic phenomenon in animals with
lateral (sub)luxation.
Based on the facts that normal and abnormal foals were born from both normal x
normal matings and normal x abnormal matings, and the abnormal parents produc-
ed only abnormal foals, the recessive transmission of the defect is adequately
proved. As a normal stallion sired affected filly foals, the autosomal transmission is
also proved, provided the transmission is assumed to be based on one pair of genes.
In addressing the probability of monogenic or polygenic transmission, attention
should be given to the heterozygous (i.e. carrier) parents.
The expected ratio of a monogenically transmitted defect is 3 to 1 in the offspring of
heterozygous parents; in this study the ratio was 5 normal and 1 abnormal foal.
Matings between abnormal and heterozygous parents showed a ratio of 13 : 10
between normal and abnormal foals; the expected ratio in monogenic transmission
is 1 to 1.
It is therefore concluded that on the basis of this limited breeding experiment the
hypothesis of the probability of a monogenic recessive transmission can not be
rejected.
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