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The Boykin spaniel (BS) originated in South Carolina in the early 
1900s and is now found throughout the United States, although 
most of the population is still in and around the Carolinas. The 
BS is relatively small, weighing 11 to 18 kg, yet has a surprisingly 
high incidence of hip dysplasia, as reported by the Orthopedic 
Foundation for Animals (OFA) (1). The breed has a high level of 
genetic homogeneity, according to analysis of randomly amplified 
polymorphic DNA (2).

Canine hip dysplasia (CHD) is the most common orthopedic 
disease of the dog. It is a degenerative disease characterized by 
malformation of the hip joint. The inevitable result is osteoarthri-
tis, also termed degenerative joint disease (DJD). The presence 
of osteoarthritic changes is the primary diagnostic criterion for 
CHD. The methods most commonly used for diagnosis of CHD are 
radiography with the ventrodorsal hip-extended view, commonly 
referred to as the OFA method, and the University of Pennsylvania 
Hip Improvement Program (PennHIP) method (3).

The OFA maintains a registry of dogs that have undergone the 
OFA method for diagnosis of CHD. A panel of radiologists scores 
radiographs on a 7-point scale. Before 1980, radiographs had been 

submitted to the OFA for only 38 BSs: almost 40% were classified as 
showing dysplasia, and none received an excellent score. Between 
1974 and 2003, the OFA evaluated more than 1400 BSs: approximately 
40% were classified as showing dysplasia, and less than 1% received 
an excellent score. According to the OFA, the BS has the 9th-highest 
incidence of hip dysplasia (1).

The PennHIP method uses joint laxity to predict development of 
CHD. Joint laxity can cause hip instability that leads to dislocation 
of the femoral head. The PennHIP method quantifies passive laxity 
by measuring the distraction index (DI), the distance of the femoral 
head from the center of the acetabulum divided by the radius (3). 
A higher DI indicates a higher probability of osteoarthritis develop-
ing as a result of CHD. According to the PennHIP registry, the BS 
has the 12th-highest mean DI, 0.64 (4).

A complex trait, CHD has both quantitative trait loci (QTL) and 
environmental factors contributing to the phenotype (5–7). The 
pattern of inheritance suggests that several major and minor QTL 
influence the phenotype (8). Genetic studies have included breeding 
programs in military working dogs and designed pedigrees (7,9). 
Additionally, using the German shepherd, Smith et al (3) identified 
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A b s t r a c t
Canine hip dysplasia (CHD) is characterized by a malformation of the hip joint that leads to joint laxity and consequential 
degenerative joint disease. The most widely used method for diagnosis of CHD is the ventrodorsal hip-extended radiologic view, 
commonly referred to as the Orthopedic Foundation for Animals (OFA) method. The method of the University of Pennsylvania 
Hip Improvement Program (PennHIP), an alternative technique that is based on hip joint laxity, provides a quantitative assess-
ment, the distraction index (DI), of the likelihood of the development of CHD because of increased laxity in the hip joint. Linear 
regression analysis showed that, across many breeds of dog, the incidence of CHD, as defined by the OFA, is positively correlated 
with the mean DI, the determination coefficient (r2) being 26%. We used families of Boykin spaniels (BSs) to determine the level 
of joint laxity in the breed and to conduct an initial whole-genome screening to identify markers that co-segregate with increased 
joint laxity. Although there was a positive correlation between the incidence of hip dysplasia and increased joint laxity, we did 
not find significant linkage in the 28 BSs that underwent genotyping, likely owing to the small size of the pedigree.

R é s u m é
La dysplasie de la hanche canine (CHD) est caractérisée par une malformation de l’articulation de la hanche qui conduit à une laxité articulaire 
et une maladie articulaire dégénérative subséquente. La méthode de diagnostic la plus couramment utilisée pour le diagnostic de CHD est un 
examen d’une vue radiographique ventro-dorsale de la hanche en extension, procédure référée communément comme étant la méthode «Orthopedic 
Foundation for Animals» (OFA). La méthode du «University of Pennsylvania Hip Improvement Program» (PennHIP), une technique alterna-
tive basée sur la laxité de l’articulation de la hanche, fournit une évaluation quantitative, l’index de distraction (DI), de la probabilité du 
développement de CHD causée par l’augmentation de la laxité de l’articulation de la hanche. Une analyse par régression linéaire a montré que 
parmi plusieurs races de chiens l’incidence de CHD, telle que définie par la OFA, est corrélée positivement avec le DI moyen, le coefficient de 
détermination (r2) étant 26 %. Des familles d’épagneuls de Boykin (BSs) ont été utilisées afin de déterminer le degré de laxité articulaire de 
cette race et de procéder à un tamisage initial du génome entier pour identifier des marqueurs qui sont co-sélectionnés avec l’augmentation  
de laxité articulaire. Bien qu’il y avait une corrélation positive entre l’incidence de dysplasie de la hanche et une augmentation de la laxité 
articulaire, aucun lien significatif ne fut trouvé parmi les 28 BSs soumis au génotypage, probablement à cause de la petite taille du pedigree.
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joint laxity as a heritable trait. Dysplasia occurs more often in the 
left hip in humans (10), but this trend has not been observed in 
dogs. However, Chase et al (11) detected greater laxity in the left 
than in the right hip of Portuguese water dogs (PWDs), using the 
Norberg angle, and identified 2 QTL on canine chromosome 1 
(CFA1) that asymmetrically affect joint laxity in the right or left hip 
of the PWD.

A linkage analysis approach is often taken to identify regions of 
the genome that co-segregate with 1 or more disease genes. This 
allows for the identification of candidate genes when there are 
none or the narrowing of candidate genes when there are many. 
Microsatellite markers have become the tool of choice for link-
age analysis owing to their polymorphic nature and Mendelian 
inheritance. Microsatellites are tandem repeats of 1 to 6 base pairs 
that are dispersed throughout the genome. In the dog, the minimal 
screening set 2 (MSS-2) is the most comprehensive screening set of 
microsatellite markers available for use in whole-genome scans. The 
MSS-2 comprises 327 microsatellite markers that have an average 
heterozygosity value of 0.73 and an average spacing of 9 Mb, with no 
gaps larger than 17.1 Mb (12). The MSS-2 has been multiplexed into 
69 chromosome-specific panels to expedite whole-genome screen-
ings (13). To identify markers that co-segregate with increased joint 
laxity, a whole-genome screening with the multiplexed MSS-2 was 
carried out on a small pedigree of BSs.

Because many BSs have been examined with use of the OFA 
method, and the work reported here used the PennHIP method, it 
was of interest to define the relationship between CHD and joint 
laxity. Correlation between the OFA and PennHip methods has previ-
ously been defined. However, the criteria differ between studies. For 
example, Adams et al (14) found a correlation between the DI and 
DJD but not between the DI and CHD as these conditions were clas-
sified. We wanted to define the correlation between the DI and CHD 
on the basis of the OFA definition of clinical dysplasia. Therefore, we 
performed linear regression analysis across 96 breeds to compare the 
incidence of hip dysplasia as defined by the OFA with the degree of 
joint laxity as defined by PennHIP. Only breeds having 100 or more 
evaluations from 1974 to 2003 in the OFA registry and represented 

by 20 or more dogs in the 2002 PennHIP registry were included. This 
analysis showed a positive correlation between the mean DI and the 
percentage of dysplastic dogs, as determined by the OFA assessment 
(Figure 1), the determination coefficient (r2) being 26%.

Although the BS is a relatively small dog, the breed is among 
the top 10 in incidence of hip dysplasia, according to the OFA. The 
PennHIP method offers a possible explanation: the high degree 
of joint laxity in the BS predisposes the breed to CHD; hence, the 
incidence of CHD as determined by the OFA method is increased 
in this breed.

We assembled partial, multigenerational pedigrees of BSs that 
segregate CHD. We had collected DNA and PennHIP data previously 
for each family member (2) and considered DIs greater than 0.60 as 
indicating affected phenotypes. The MSS-2 reactions were set up 
as described by Clark et al for 28 BSs (13). Products were resolved 
with the use of a capillary-based genetic analyzer (ABI 3100; PE 
Biosystems, Foster City, California, USA). Genotypes were analyzed 
by means of a commercial software program (Genotyper version 
2.0; PE Biosystems). Two-point logarithm of the odds (LOD) scores 
were calculated for each marker with a statistical software pack-
age (Sequential Oligogenic Linkage Analysis Routines; Southwest 
Foundation for Biomedical Research, San Antonio, Texas, USA); 
LOD scores were calculated for the left and right hips separately as 
well as together.

The average DI for the 28 genotyped dogs was 0.55. Genotypes 
were collected for 272 markers; 37 markers (14%) were noninfor-
mative, having only 1 or 2 alleles. Of the LOD scores calculated for 
254 markers, the score for marker FH3413, located on CFA1, was 
highest, at 1.23. This score was correlated with increased laxity in 
the right hip joint. A LOD score of 3.0 or greater is necessary to infer 
linkage. The LOD scores for the left or right hip individually varied 
for many markers, and the highest score was found on the chromo-
some identified by Chase et al (11).

Although there was a positive correlation between the incidence 
of hip dysplasia and increased joint laxity, we did not find signifi-
cant linkage in the BS, likely owing to the small size of the pedigree. 
Additional pedigree members or increased marker density, or both, 
would be necessary to identify a region of interest.
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