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Summary

Osteochondrosis (OC) is a developmental bone disease of serious clinical consequences that occurs in
various anatomical locations. This disease is frequently seen in pigs, horses, poultry, and dogs, and has also
been described in humans. Osteochondrosis, often referred to as leg weakness, is a common problem in pig
herds. It causes economic losses and is considered as an animal welfare issue in pig production. Most traits
related to animal health and welfare are complex, difficult to define, and often characterized by low heritability.
Osteochondrosis is a multifactorial disease, and its etiopathogenesis can be traced to a combination of genetic,
environmental and mechanical factors, as well as stress. Environmental factors thought to be important in the
modulation of gene expression include nutrition, disease, and physical weight-bearing conditions. Feeding
and management conditions (floor type, humidity, etc.) have influence on the development of osteochondrosis
in pigs susceptible to this disease. The genetic background of osteochondrosis, which resembles tissue
alterations related to aging and degeneration, has also been examined and identified. The heritability of leg
weakness in pigs of different breeds ranges from 0.2 to 0.6. As the defect is hereditary, it should be controlled
in the course of selection. It is well known that there are two approaches for genetic evaluation of complex and
quantitative traits: genome-wide scanning and candidate gene approaches. Recent studies of the pig genome,
presented in numerous scientific publications, point to the possibility of identifying the chromosome regions
that carry the genes connected with osteochondrosis — the so-called QTL (Quantitative Trait Loci). The
presence of QTL with an impact on osteochondrosis was established on chromosomes 5, 13, and 15. Other
QTL studies identified eleven QTL affecting leg weakness on eight autosomal chromosomes. Some authors
suggest that three QTL associated with osteochondrosis may be located on SSC2, SSC6, SSC10. Candidate
genes are generally defined as those that have an important, direct or indirect, effect on the trait of interest. By
focusing on candidate genes that play roles in the biology of bone and cartilage development it may be possible
to understand the biological background of traits related to leg weakness. Studies of candidate genes for OC
have focused on cytokines, growth factors, genes that encode components of bone matrix, and genes that
encode receptors for calciotrophic hormones, yielding more than 200 potential candidates. Some of them
are presented in this paper. In recent years, genomic selection based on candidate genes, as well as on SNP
markers and SNP microarrays, has become a promising tool for the breeding of osteochodrosis-free pigs.
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Review

Osteochondrosis (OC) is a developmental bone
disease of serious clinical consequences that occurs in
various anatomical locations. This disease is frequently
seen in pigs, poultry, horses (33), and dogs, and has
also been described in humans (37). More precisely,
OC is a non-infectious, degenerative condition of the
articular-ephiphyseal cartilage and growth plate with
secondary changes in the bone (53). This is seen in
growing animals. In joints affected by OC macrosco-
pically visible lesions are typically found, such as the
local thickening of articular cartilage, irregular cartilage
surfaces, fissures between cartilage and subchondral
bone, osteochondrosis dissecans (OCD), and necrosis
of subchondral bone (39). Osteochondrosis, often

referred to as leg weakness, is a common problem in
pig herds. It causes economic losses and is considered
as an animal welfare issue in pig production (16, 20,
24). Some authors report that leg weakness is an
important reason for involuntary culling in the pig
industry (50) and involves animal welfare and ethical
aspects. Various studies have shown that between
35% and 100% of pigs are eliminated from breeding
because of lameness (46). In Sweden, the second most
frequent reason for culling, after reproductive failure,
is an inferior leg and foot status (11), which shortens the
life span and worsens the reproductive performance
of breeding animals (50). The etiology and the patho-
genesis of OC have not yet been clarified, but the
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disease is attributed to several factors associated with
changes in cartilaginous structures. One of the most
important of these is an abnormal vascularization or
a focal failure of blood supply to the growing cartilage,
leading to a focal disturbance of endochondral ossifi-
cation (52). Articular cartilage does not contain blood
vessels, but prior to the formation of a secondary ossifi-
cation centre, temporary vessel-containing structures,

‘cartilage canals’, which are involved in the nourish-
ment of the cartllage for an appropriate ossification
process, are found within the growing cartilage (4).
The presence of necrotic areas with degenerating
vessels in OC cartilage canals suggests that any defect
in cartilage canals at focal sites might lead to the
disruption of blood supply to the growing cartilage,
which contributes to OC development (30). Osteochon-
drosis is multifactorial disease, and its etiopathogenesis
can be traced to a combination of genetic factors,
growth rate, lean meat percentage, and mechanical
stress. This degenerative disease is a major problem
in modern intensive rearing of pigs, in which the
effects of breeding, nutritional, and environmental
factors tend to produce the largest weight gain, as well
as some muscle hypertrophy. These diseases can thus
be classified as lifestyle diseases, resulting from over-
exploitation (27). The prevalence of osteochondrosis
in purebred Duroc sires and Landrace x Yorkshire sows
have been reported in Denmark (21). It was found that
pathological abnormalities on the joint surface of the
medial humeral condylus occurred in 38.0% of 9,360
pigs, and 11.7% suffered from osteochondritis dis-
secans. This result was similar to those obtained in
earlier studies on Danish Landrace boars (22) and
Norwegian Landrace x Yorkshire crossbred pigs (53).
In addition, many researchers have found a difference
in the frequency of osteochondrosis between sexes, in
which castrated males show a higher OC frequency
than female pigs (24, 53). The differences in growth
patterns between pigs with and without OC have also
been investigated. Piglets with severe OC at slaugh-
ter, grew faster after 28 days of age and were signifi-
cantly heavier after 70 days of age than pigs without
OC at slaughter. These results suggest that OC might
be related to high growth rates during a specific time
period (15).

Environmental factors predisposing to 0C

Researchers have explored genetic and environmental
factors with a potential impact on the incidence and
progression of OC disorders in swine. Environmental
factors thought to be important in the modulation of
gene expression include nutrition, disease, and physical
weight-bearing conditions. Feeding and management
conditions (floor type, humidity, etc.) have influence
on the development of osteochondrosis in pigs suscep-
tible to this disease (26). In fattening pigs, the preva-
lence of OC was 41%. The prevalence was the highest
for individuals kept on a concrete, partially slatted
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floor with ad libitum feeding (58%), and the lowest for
individuals kept on a deep litter floor with restricted
feeding (34%). These results demonstrate that the
prevalence of OC can be reduced by applying deep
litter floors and restricted feeding. Dietary interven-
tions that potentially affect OC lesions include dietary
fatty acid sources (omega-3 vs omega-6 fatty acids)
and glucosamine (6). The use of alternate sources of
dietary fatty acids to reduce lameness disorders has
received attention in humans and animals. Fatty acids
are precursors for prostaglandins, and may show anti-
inflammatory properties in tissues. In a comprehensive
review of fatty acids and arthritis, Darlington and
Stone (7) concluded that sufficient evidence existed
to claim that dietary fatty acids relieve OC symptoms.
However, no sufficient evidence was found to support
a role of fatty acids in the prevention of this disorder.
The primary benefit of elevated n-3 fatty acids was
a reduction in inflammatory responses. As such, n-3
fatty acids have little potential for beneficial roles in
earlier stages of OC lesions. Work with neonatal pigs
offers some evidence for an improvement in bone mass
in pigs fed a formula with n-3 fatty acids compared
with a formula based on n-6 fatty acids (3). Although
a trauma affects the incidence and extent of OC
lesions, evidence to support or reject the impact of
a particular type of housing is not available. The histo-
rical occurrence of OC across various housing types
and conditions excludes housing as a primary cause.
Certainly, traumas associated with slippery conditions
on frozen dirt lots or wet concrete surfaces can
exacerbate OC lesions. The stocking rate also affected
morbidity and mortality in grower/finisher pigs (9).
As the stocking rate increased from 22 to 27 and then
to 32 pigs per pen (0.78, 0.64 and 0.54 m? per pig),
the morbidity and mortality increased from 8.5% to
10.2% and 12.7%, respectively. No evidence exists to
suggest that the induction of OC disorders is primarily
a result of responses to pathogenic organism(s). How-
ever, secondary consequences of certain diseases will
exacerbate pre-existing conditions. These secondary
consequences may be as simple as traumatic injuries,
often experienced by animals weakened by disease, or
as complex as alterations in cytokine signals, which
stimulate aberrant responses in cartilage and bone
tissues. The effect of intensive vaccination on the
modification of cellular signals in bone and cartilage
tissues is not known (6).

Heritability of 0C

The genetic background of osteochondrosis, which
resembles tissue alterations related to aging and dege-
neration, has been examined and identified. As we
mentioned before, OC is a multifactorial disorder,
a quantitatively inherited trait resulting from a combi-
nation of small variations in different genes, as well as
environmental factors (18). OC lesions have a genetic
basis and are inheritable by progeny generations with
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polygenic heritability. The heritability of leg weakness
in pigs of different breeds has been estimated to range
from 0.2 to 0.6. It has been reported that Landrace pigs
are more susceptible to osteochondrosis than Yorkshire,
Hampshire or Duroc pigs (26). The heritability esti-
mates for OC in different breeds are 0.08 to 0.39 (20),
0.1 to 0.5 (34, 45), and 0.06 to 0.42 (23). Moreover,
OC is also reported to have negative effects on impor-
tant performance traits, such as sow longevity, growth
and feed conversion, and meat quality traits (24, 43-45).

The disease occurs in high frequency in growing pigs
in all commercial breeds, but its causes remain unclear.
Many studies of associations between the growth rate
and osteochondrosis have been conducted, the results
usually showing weak and inconsistent correlations
(1, 17, 34, 35, 45, 49). As the defect is hereditary, it
should be controlled in the course of selection. The
studies of osteochondrosis are successfully carried out
in Sweden, Denmark, Finland, Germany, the Nether-
lands, the United States, and other countries. Pigs
raised in a fattening test station in Sweden are checked
for osteochondrosis after slaughter, and evaluated on
a 0-5 point scale. Front and hind legs are checked. If
elbow and knee joint lesions have been found in the
progeny, their parents can further be used for breeding
provided that their performance is very high and no
significant gait distortions are visible. In Sweden, an
osteochondrosis check is one of the obligatory criteria
for the BLUP evaluation of breeding pigs. In Denmark
and Finland, at test stations, osteochondrosis is
measured in live pigs by a radiograph on a 1-5 points
scale. If osteochondrotic joint lesions are found, the
progeny is not used for breeding. In the Netherlands
and the United States, the leg weakness syndrome in
pigs is evaluated on a 1-9 point scale by the so-called
mixed threshold model (26).

Radiography is a useful tool for diagnosing osteo-
chondrosis in pigs. Few reports are available on radio-
logical diagnosis and description of osteochondrotic
lesions in pigs (10). Previous genetic analyses of osteo-
chondrosis, involving radiological diagnoses of pure-
bred Landrace and Yorkshire boars, demonstrated
a heritability of 0.08 to 0.39 (20, 21). Another method
to quantify the level and risk of osteochondrosis is
to use computed tomography (CT). This method is
applied by Norsvin Company in a project conducted
to promote a better understanding of traits related to
the robustness of pigs and to develop a more robust
animal that would be competitive in current and future
swine markets.

Searching for chromosomal regions (QTL) for 0C

Traits associated with leg weakness are partly influ-
enced by the genetic background of the animal, but
the genetic basis of these traits is not yet fully under-
stood. Studies in humans have also shown that varia-
tion in OC can be explained by genetic factors (29). In
the last decade there has been huge progress in the
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understanding of the processes occurring in animal
organisms at the molecular level. This area has provided
new, previously unknown tools by which it became
possible to understand many fundamental life proces-
ses e.g. the genetic background of a disease at the
molecular level. Recent studies of the pig genome,

presented in numerous scientific publications, point
to the possibility of identifying chromosome regions
that carry genes connected with osteochondrosis —QTL
(quantitative trait loci). The identification and use of
quantitative trait loci for OC may help in breeding
for disease resistance, but would need costly resource
populations and QTL mapping experiments, for exam-
ple using cross breeds between exotic and commercial
pig breeds (23). A well known QTL database called
PigQTLdb has been developed and has become a valu-
able tool for pig research (41). Up to date, over 5,986
QTL for 581 different traits are reported. Andersson-
-Eklund et al (1) found QTL with an impact on osteo-
chondrosis on chromosomes 5, 13 and 15 with the wild
boar alleles reducing the level of osteochondrosis. The
authors observed fewer incidents of osteochondrosis
in the humerus than in the femur in a Wild Boar
x Large White population. According to the research
by Lee et al (32), none of the osteochondrosis effects
reached the chromosomal significance level, but this
may have been due to a relatively low occurrence (18%
of the total) and the moderate number of animals
studied. The frequency of osteochondrosis effects was
similar to its level in the humeral condyles in Yorkshire
pigs reported by Jorgensen and Andersen (20). The
authors found that the occurrence of OC lesions in the
front legs, and particularly in the humeral condyles,
was much smaller than at sites in the back legs, espe-
cially in the femoral condyles. A similar study has
recently been conducted by Laenoi et al. (29) on the
Duroc x Pietrain population. It has been reported that
the pure Duroc breed shows the highest incidence of
OC compared to other European pig breeds (Pietrain,
Landrace and Yorkshire). The results by Laenoi suggest
that the unfavorable QTL allele for OC originates from
both Duroc and Pietrain breeds. QTL studies have
identified eleven QTL affecting leg weakness on eight
autosomal chromosomes. All QTL reached the 5%
chromosome-wide significance level. Three QTL were
associated with osteochondrosis on the humerus: on
SSC2, SSC6, SSC10. In addition, data show that the
frequency of OC is as high as 31.05%, which is in
agreement with 30.0% as previously reported (24).

Candidate genes for leg-weakness-related traits

Most traits related to animal health and welfare are
complex, difficult to define, and often characterized
by low heritability. The application of conventional
genetics in combination with molecular genetic appro-
aches is therefore of worldwide interest. It is well
known that there are two approaches for genetic eva-
luation of complex and quantitative traits: genome-
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-wide scanning and candidate gene approaches (55).
Candidate genes are generally defined as those that
have an important, direct or indirect, effect on the trait
of interest. The candidate gene approach has been
applied for identifying many genetic diseases in both
humans and animals. However, the identification of
candidate genes involved in leg-weakness-related
traits remains challenging. By focusing on candidate
genes that play roles in the biology of bone and carti-
lage development it may be possible to better under-
stand the biological background of traits related to
leg weakness. Studies of candidate genes for OC have
focused on cytokines, growth factors that regulate bone
turnover, genes that encode components of bone matrix,
and genes that encode receptors for calciotrophic
hormones, yielding more than 200 potential candidates.
However, as mentioned previously, body weight,
growth rate, and mechanical stress are also regarded
as the main contributing factors. Therefore, genes in-
volved in animal growth, including bone and cartilage
as well as molecular networks underlying articular
cartilage development, should also be considered.
Transforming growth factor beta 1 (TGFp1) is a multi-
functional peptide dimmer from a family of important
regulators of chondrocytes and other cells that con-
trols growth, differentiation, and other functions (2).
It has been reported that in normal pig epiphyses,
TGFp1 is present in the chondrocytes of the epiphyseal
hyaline cartilage. This growth factor was found to be
deficient in chondrocytes at sites of osteochondrosis
(48). However, in a horse with OC lesions, the expres-
sion of TGFf1 in the affected tissues was higher (but
not significantly) (42). This growth factor is therefore
thought to be involved in a cascade of events associated
with the chondrocyte function during endochondral
ossification. Taken together, these data suggest that
TGFB1 may play a role in the development of OC, and
that this gene is a candidate for further functional and
association studies in relation to the incidence of leg
weakness or OC in pigs. Other genes, collagen type 11
alpha 1 (COL2A1) and collagen type X alpha 1
(COL10A1) are involve in animal growth. Articular
cartilage consists of an extensively cross-linked colla-
gen network. Different types of collagen molecules
are expressed in articular cartilage. In young cartilage,
the main type is a copolymer of collagens type II, IX
and X (12). Once the chondrocyte cells have initiated
hypertrophy, collagen type X is synthesized and is the
only known hypertrophic chondrocyte-specific mole-
cular marker (54). Possible involvement of collagens
type II and X in the development of OC has been
reported. Increases in type Il collagen cleavage by
collagenases in OC lesions have been observed in
osteoarthritis (31). Moreover, studies in pig have shown
that collagen type Il was reduced and collagen type X
increased in and near OC lesions (19). Therefore,
COL2A1 and COL10A1 may be good candidate genes
for osteochondrosis. On the other hand, metallopro-
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teinase 3 (MMP3) and metalloproteinase 9 (MMP9)
proteins of the matrix metalloproteinase family are
involved in the breakdown of the extracellular matrix
in normal physiological processes and disease condition
(25). MMPs are involved in cartilage collagen break-
down. The progression of OC with the degradation of
cartilage matrix components is generally agreed to be
due to the over-synthesis and activation of extracellular
proteases. Several studies in humans have measured
MMPs in synovial fluid or articular cartilage and re-
ported varied expression of those enzymes in different
stages of cartilage disease (5, 8, 25, 51). In a paper by
Rai (38), a significant correlation was found between
SNP of MMP3 (g.158 C > T) and OC at the head of the
femur (P < 0.05) and bone mineral density (P < 0.05)
in the Duroc x Petrain population. However, the mole-
cular mechanisms underlying cartilage destruction
are still poorly understood. Two master transcription
factors, sex-determining region Y-box9 (SOX9) and
runt-related transcription factor 2 (RUNX2), are in-
volved in skeletal development. SOX9 is expressed
in all chondrocytes and is essential for the expression
of proteoglycan aggrecan, which is secreted by chon-
drocytes to form the characteristic glycosaminoglycan-
-rich extracellular matrix of cartilage (47). RUNX2
plays important roles in many steps of skeletal develop-
ment. RUNX2 determines the lineage of osteoblasts
from multipotent mesenchymal cells, enhances osteo-
blast differentiation at an early stage, and inhibits osteo-
blast differentiation at a late stage (13, 28). Both trans-
cription factors were found to be involved in the deve-
lopment of osteochondrosis. RUNX2 down-regulation
resulted in a reduced MMP-13 expression in osteo-
arthritic chondrocytes. Inhibition of SOX9 increased
the expression of RUNX2 and MMP-13 mRNA in
normal chondrocytes (36). Relative expression of both
transcription factors might be important in the regula-
tion of other genes that play roles in cellular changes
occurring in ostechondrosis development. In the
paper by Rai (38), TGFB1 and RUNX2 genes showed
a higher expression in cartilage affected by OC (P <
0.05) compared to healthy cartilage. There were no
significant differences in the mRNA expression of
MMP3, SOX9, MMP9, and COL10A1 genes. How-
ever, the expression of MMP3 in OC cartilage tended
to be lower, whereas SOX9 tended to be up-regulated
in OC lesions. Among the genes examined, the trans-
cription factor SOX9 gene was most expressed where
MMP9 was least expressed in articular cartilage com-
pared with the other genes.

SNP microarray analysis

In recent years SNPs (Single Nucleotide Polymor-
phism) have been preferred genetic markers for large
scale genetic mapping projects and have been success-
fully used to identify chromosomal regions associated
with complex human diseases. Since 2008, commer-
cially available SNP microarrays (chips) for many
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animal species, containing thousands of SNPs, have
made it possible to perform genome-wide association
analyses, QTL identification and additional QTL vali-
dation. The chip is a microscope slide on which DNA
sequences are immobilized and which helps to detect
variation in DNA components between different indi-
viduals. Researchers around the globe use SNP micro-
arrays to investigate common single gene defects and
mutagenic diseases, including musculoskeletal, neuro-
muscular, cardiovascular, and respiratory disorders.
Also the Swine Genome Sequencing Consortium has
developed an SNP chip for pigs. The pig SNP chip
enables researchers to genotype each animal for more
than 60,000 SNPs and is helpful in understanding
which genes are associated with differences in pro-
duction traits and genetic abnormalities. This SNP chip
has helped to revolutionize genetic research and to
understand the underlying differences between animals
in cases of traits such as growth rate, feed efficiency,
meat quality, and reproduction. The chip will also
allow breeders and breeding companies to employ
»genomic selection” to estimate the breeding value of
each animal on the basis of these individual gene
differences and not merely on their phenotypic or
physical trait records. Such selection will improve
accuracy, increase the efficiency of pork production,
and improve pork meat products available for the
consumer. Genomic selection based on candidate
genes and SNPs seems to be a promising tool also for
the breeding of osteochondrosis-free pigs (40).

Selection perspectives

In the last 10 years, genomic selection has developed
enormously. Simulations and real-life data suggest that
breeding values can be predicted with high accuracy
using genetic markers alone. To achieve high accura-
cies, large reference populations are needed. In many
livestock populations, these cannot be obtained when
traits are difficult or expensive to record, or when the
population size is small. In such cases the value of
genomic selection becomes questionable. Recently,
both these limitations have been overcome in most
livestock species, following the sequencing of the
genomes and the subsequent availability of high density
SNP-chips (14). It is now feasible to meet the require-
ments for the implementation of genomic selection
in breeding programs. Thus genomic selection can
potentially cut the costs of producing and testing
potential breeding animals considerably (15).

The leg weakness syndrome includes a number of
sub-traits, of which osteochondrosis is one. In view of
the unfavorable genetic correlations between osteo-
chondrosis and growth rate, found in a number of
studies, osteochondrosis must clearly be included in
one way or another (directly or indirectly) in the
breeding evaluation of pigs. In breeding programs,
which include carcass evaluation of pigs, osteochon-
drosis can easily be scored at a very low extra cost.
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Radiological examination of live pigs would be a better
alternative than post-mortem examination, but this
technique requires a higher input of labour. Neverthe-
less, since the leg weakness syndrome involves a num-
ber of other component traits, the exterior appraisal
of live pigs should also be included in the breeding
evaluation.

References

1.Andersson-Eklund L., Uhlhor H., Lundeheim N., Dalin G., Andersson L.:
Mapping quantitative trait loci for principal components of bone measure-
ments and osteochondrosis scores in a wild boar x Large White intercross.
Genet. Res. 2000, 75, 223-230.

2.Arevalo-Silva C. 4., Cao Y., Weng Y., Vacanti M., Rodriguez A., Vacanti
C. A., Eavey R. D.: The effect of fibroblast growth factor and transforming
growth factor-beta on porcine chondrocytes and tissue-engineered autologous
elastic cartilage. Tissue Eng. 2001, 7, 81-88.

3.Blanaru J. L., Kohut J. R., Fritzpatrick-Wong S. C., Weiler H. A.: Dose
response of bone mass to dietary arachidonic acid in piglets fed cow milk-
-based formula. Am. J. Clin. Nutr. 2004, 79,139-147.

4.Blumer M. J., Longato S., Fritsch H.: Cartilage canals in the chicken embryo
are involved in the process of endochondral bone formation within the
epiphyseal growth plate. Anat. Rec. Discov. Mol. Cell Evol. Biol. 2004, 279,
692-700.

5.Clements D. N., Fitzpatrick N., Carter S. D., Day P. J.: Cartilage gene expres-
sion correlates with radiographic severity of canine elbow osteoarthritis. Vet
J. 2009, 179, 211-218.

6. Crenshaw D.: Arthritis or OCD — Identification and Prevention Thomas. Banff
Pork Seminar Canada 2006.

7.Darlington L. G., Stone T. W.: Antioxidants and fatty acids in the amelio-
ration of rheumatoid arthritis and related disorders. B. J. Nutr. 2001, 85,
251-269.

8.Davidson R. K., Waters J. G., Kevorkian L., Darrah C., Cooper A., Donell
S. T, Clark 1. M.: Expression profiling of metalloproteinases and their inhi-
bitors in synovium and cartilage. Arthritis Res. Ther. 2006, 8, R124.

9.DeDecker J. M., Ellis M., Wolter B. F., Corrigan B. P, Curtis S. E., Hollis
G. R.: Effect of stocking rate on pig performance in a wean-t-finish produc-
tion system. Can. J. Anim. Sci. 2005, 85, 1-5.

10.Ebeid M., Zimmermann W., Ueltschi G.: The radiographic diagnosis of
osteochondrosis in pigs. A retrospective study. Swine Health and Production
1998, 6, 121-125.

11.Eliasson-Selling L., Lundeheim N.: Longevity of sows in Swedish sow
pools. Proceedings of NJF-seminar no. 265. Longevity of sows.. Research
Centre Foulum, Denmark 1996, Report 111.

12.Eyre R. D., Weis M. A., Wu J. J.: Articular cartilage collagen: an irreplaceable
framework? Europ. Cell and Mater. 2006, 12, 57-63.

13. Furuichi T, Komori T.: Multifunctional roles of Runx2/Cbfal in skeletal
development. Department of Molecular Medicine, Osaka University Graduate
School of Medicine. Nihon Rinsho 2004, 62 Suppl 2, 57-61.

14.Goddard M. E., Hayes B. J.: Genomic selection. J. Anim. Breed. Genet. 2007,
124, 323-330.

15.Grevenhof E. M. van, Ott S., Hazeleger W., van Weeren P. R., Bijma P,
Kemp B.: The effects of housing system and feeding level on the joint-specific
prevalence of osteochondrosis in fattening pigs. Livestock Sci. 2011, 135,
53-61.

16.Guo Y. M., Ai H. S., Ren J., Wang G. J., Wen Y., Mao H. R., Lan L. T., Ma J. W,
Brenig B., Rothschild M. F., Haley C. S., Huang L. S.: A whole genome scan
for quantitative trait loci for leg weakness and its related traits in a large F2
intercross population between White Duroc and Erhualian. J. Anim. Sci. 2009,
87, 1569-1575.

17.Hill M. A.: Causes of degenerative joint disease (osteoarthrosis) and dys-
chondroplasia (osteochondrosis) in pigs. J. Am. Vet. Med. Ass. 1990b, 197,
107-113.

18. Hill M. A.: Economic relevance, diagnosis, and countermeasures for degene-
rative joint disease (osteoarthrosis) and dyschondroplasia (osteochondrosis)
in pigs J. Am. Vet. Med. Ass. 1990a, 197, 254-259.

19.Jefferies D., Farquharson C., Thomson J., Smith W., Seawright E., McCor-
mack H., Whitehead C.: Differences in metabolic parameters and gene expres-
sion related to osteochondrosis/osteoarthrosis in pigs fed 25-hydroxyvitamin
D3. Vet. Res. 2002, 33, 383-396.

20.Jorgensen B., Andersen S.: Genetic parameters for osteochondrosis in Danish
Landrace and Yorkshire boars and correlation with leg weakness and pro-
duction traits. Anim. Sci. 2000, 71, 427-434.



520

21.Jorgensen B., Nielsen B.: Genetic parameters for osteochondrosis traits in
elbow joints of crossbred pigs and relationships with production traits. Anim.
Sci. 2005, 81, 319-324.

22.Jorgensen B., Arnbjerg J., Aaslyng M.: Pathological and radiological investi-
gations on osteochondrosis in pigs, associated with leg weakness. Zntbl.
VetMed. A. 1995, 41, 105-121.

23.Kadarmideen H. N., Janss L. G.: Evidence of a Major Gene From Bayesian
Segregation Analyses of Liability to Osteochondral Diseases in Pigs. Gene-
tics 2005, 171, 1195-1206.

24.Kadarmideen H. N., Schworer D., Ilahi H., Malek M., Hofer A.: Genetics of
osteochondral disease and its relationship with meat quality and quantity,
growth, and feed conversion traits in pigs. J. Anim. Sci. 2004, 82, 3118-
-3127.

25.Kevorkian L., Young D. A., Darrah C., Donell S. T., Shepstone L., Porter S.,
Brockbank S. M. V., Edwards D. R., Parker A. E., Clark 1. M.: Expression
profiling of metalloproteinases and their inhibitors in cartilage. Arthritis Care
Res. 2004, 50, 131-141.

26.Klimiene A., Klimas R., Rimkevicius S.: Pig osteochondrosis monitoring in
Lithuania. LLMZA, Agronom. Vestis 2004, 6, 207-210.

27.Kolacz R.: Kulawizny §win — przyczyny i zapobieganie. Hoduj z glowa $winie
2005, 6, 22-27.

28.Komori T.: Runx2, a multifunctional transcription factor in skeletal develop-
ment. J. Cell Biochem. 2002, 87, 1-8.

29.Laenoi W., Uddin M. J., Cinar M. U., Grofie-Brinkhaus Ch., Tesfaye D.,
Jonas E., .Scholz A. M., Tholen E., Looft Ch., Wimmers K., Phatsara Ch.,
Juengst H., Sauerwein H., Mielenz M., Schellander K.: Quantitative trait
loci analysis for leg weakness-related traits in a Duroc x Pietrain crossbred
population. Genet Sel. Evol. 2011, 43, 13. doi:10.1186/1297-9686-43-13.

30.Laenoi W., Uddin M. J., Cinar M. U., Phatsara Ch., Tesfaye D., Scholz A. M.,
Tholen E., Looft Ch., Mielenz M., Sauerwein H., Schellander K.: Molecular
characterization and methylation study of matrix gla protein in articular car-
tilage from pig with osteochondrosis. Gene 2010, 459, 24-31.

31.Laverty S., Okouneff S., lonescu M., Reiner A., Pidoux I., Webber C.,
Rossier Y, Billinghurst R. C., Poole A. R.: Excessive degradation of type II
collagen in articular cartilage in equine osteochondrosis. J. Orthop. Res. 2002,
20, 1282-1289.

32.Lee G. J., Archibald A. L., Garth G. B., Law A. S., Nicholson D., Barr A.,
Haley C. S.: Detection of quantitative trait loci for locomotion and osteo-
chondrosis-related traits in Large White x Meishan pigs. Anim. Sci. 2003,
76, 155-165.

33.Lewczuk D., Korwin-Kossakowska A.: Genetic background of osteochon-
drosis in the horse — a review. Anim. Sci. Pap. Rep. 2012, 30, 205-218.

34. Lundeheim N.: Genetic analysis of osteochondrosis and leg weakness in the
swedish pig progeny testing scheme. Acta Agri Scand 1987, 37, 159-173.

35.Nakano T, Brennan J. J., Aherne F. X.: Leg weakness and osteochondrosis
in swine: a review. Can. J. Anim. Sci. 1987, 67, 883-901.

36. Orfanidou T, Iliopoulos D., Malizos K. N., Tsezou A.: Involvement of SOX9
and FGF23 in RUNX2 regulation in osteoarthritic chondrocytes. J. Cell Mol.
Med. 2009, 13, 3186-3194.

37.Persson Y., Soderquist L., Ekman S.: Joint disorder; a contributory cause to
reproductive failure in beef bulls. Acta Vet. Scan. 2007, 49(1), 31. Doi:
10.1186/1751-0147-49-31.

Med. Weter. 2013, 69 (9)

38. Rai C.: Genetic analysis and expression study of candidate genes affecting leg
weakness-related traits in pigs. Dissertation. Institut fiir Tierwissenschaften,
Abt. Tierzucht und Tierhaltung der Rheinischen Friedrich-Wilhelms-Univer-
sitdt, Bonn 2010.

39. Reiland S.: Morphology of osteochondrosis and sequelae in pigs. Acta Radiol.
Scand., Suppl. 1978, 358, 45-90.

40.Rothschild M. F., Plastow G. S.: Impact of genomics on animal agriculture
and opportunities for animal health. Trends Biotechnol. 2008, 26, 21-25.

41.Rothschild M. F., Zhi-liang H., Zhihua J.: Advances in QTL Mapping in
Pigs Review. Int. J. Biol. Sci. 2007, 3, 192-197.

42.Semevolos S. A., Nixon A. J., Brower-Toland B. D.: Changes in molecular
expression of aggrecan and collagen types I, 11, and X, insulin-like growth
factor-I, and transforming growth factor-betal in articular cartilage obtained
from horses with naturally acquired osteochondrosis. Am. J. Vet. Res. 2001,
62, 1088-1094.

43.Sevilla X. F. de, Fabrega E., Tibau J., Casellas J.: Effect of leg conformation
on survivability of Duroc, Landrace, and Large White sows. J. Anim. Sci.
2008, 86, 2392-2400.

44.Sevilla X. F. de, Fabrega E., Tibau J., Casellas J.: Genetic background and
phenotypic characterization over two farrowings of leg conformation defects
in Landrace and Large White sows. J. Anim. Sci. 2009, 87, 1606-1612.

45.Stern S., Lundeheim N., Johansson K., Andersson K.: Osteochondrosis and
leg weakness in pigs selected for lean tissue growth rate. Livest. Prod. Sci.
1995, 44, 45-52.

46. Tarasiuk K.: Kulawizny — przyczyny upadkéw loch. Hoduj z glowa 2011, 2.

47.Tew S. R., Pothacharoen P, Katopodi T, Hardingham T. E.: SOX9 trans-
duction increases chondroitin sulphate synthesis in cultured human articular
chondrocytes without altering glycosyltransferase andsulfotransferase trans-
cription. Biochem. J. 2008, 414, 231-236.

48.Thorp B. H., Jakowlew S. B., Goddard C.: Avian dyschondroplasia: Local
deficiencies in growth factors are integral to the aetiopathogenesis. Avian
Pathol. 1995, 24, 135-148.

49.Uhlhorn H., Dalin G., Lundeheim N., Ekman S.: Osteochondrosis in wild
boar-Swedish Yorkshire crossbred pigs (F2 generation). Acta Vet. Scand.
1995, 36, 41-53.

50.Yazdi M. H., Lundeheim N., Rydhmer L., Ringmar-Cederberg E., Johans-
son K.: Survival of Swedish Landrace and Yorkshire sows in relation to osteo-
chondrosis: a genetic study. Anim. Sci. 2000, 71, 1-9.

S51.Yeh D. Y, Lin H. I, Feng N. H., Chen C. F., Wang D., Wang N. T.: Matrix-
-metalloprotease expressions in both reperfusion lung injury and oleic acid
lung injury models and the protective effects of ilomastat. Transplant. Proc.
2009, 41, 1508-1511.

52.Ytrehus B., Carlson C. S., Ekman S.: Etiology and pathogenesis of osteochon-
drosis. Vet Pathol. 2007, 44, 429-448.

53.Ytrehus B., Grindflek E., Teige J., Stubsjoen E., Grondalen T., Carison C. S.,
Ekman S.: The effect of parentage on the prevalence, severity and location of
lesions of osteochondrosis in swine. J. Vet. Med. A, 2004, 51, 188-195.

54.Zheng Q., Zhou G., Morello R., Chen Y., Garcia-Rojas X., Brendan L.: Type
X collagen gene regulation by Runx2 contributes directly to its hypertrophic
chondrocyte—specific expression in vivo. J Cell Biol. 2003, 162, 833-842.

55.Zhu M., Yu M., Zhao S.: Understanding Quantitative Genetics in the Systems
Biology Era. Review. Int. J. Biol. Sci. 2009, 5, 161-170.

Corresponding author: prof. dr hab. Grazyna Sender, ul. Postepu 36A,
05-552 Magdalenka; e-mail: g.sender@ighz.pl



