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Introduction 
Spondylosis deformans is a degenerative disease of the spine exhibiting the presence of one 
or more osteophytes, showing different degrees of development at the level of vertebral 
bodies (Morgan, 1967). A recent study (Carnier et al., 2004), although conducted on a 
relatively small sample of Italian Boxer dogs, showed that additive genetic variation for the 
degree of osteophytes development (DOD) is large enough to be exploited in specific 
breeding programs. 
The high prevalence of diseases and defects in pure dog breeds might be due to high 
selection intensities in genetically closed populations (Ubbink, 1998). Inbreeding affects 
mostly fitness traits and traits which are of qualitative inheritance but also quantitative traits 
(Klemetsdal, 1998). Mäki et al. (2001) reported estimates of inbreeding depression on hip 
and elbow dysplasia in six dog breeds in Finland, but no previous studies dealing with 
inbreeding depression on DOD in Boxer dogs are available. The aims of this study were to 
infer (co)variance component for DOD and to asses the effect of inbreeding depression on 
DOD in the Italian Boxer dog population.  

Material and methods 
Data. Data and pedigree information were obtained from the Italian Boxer Club, which is 
routinely updated by the Italian Association of Dog Breeders. Data, deriving from the official 
spondylosis deformans screening results, consisted of 2,987 Boxer dogs examined from 1997 
to 2009. More details about screening program and DOD grading are reported by Carnier et 
al. (2004). Pedigrees were traced back to as many generations as available. 
 
Inbreeding. The inbreeding coefficient for each animal in the pedigree was calculated using 
the algorithm described by Meuwissen and Luo (1992). The number of equivalent 
generations was calculated to adjust inbreeding coefficients for the available information 
from the pedigree of each animal, following the same approach of González-Recio et al. 
(2007). A descriptive analysis of the population was carried out by using ENDOG software 
(Gutiérez and Goyache, 2005). Since the inbreeding coefficient values depend on the depth 
and the missing information of the pedigree, a subset of data containing 1,828 dogs with at 
least 4 equivalent generations (not actual generations) of known pedigree was used for the 
statistical analysis.  
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Genetic analysis. Analyses were carried out under two different models. A univariate model 
was used to assess the effect of inbreeding on DOD and related traits using a subset 
containing 1,828 dogs (with at least 4 equivalent generations). A bivariate model was used to 
estimate (co)variance components for DOD scored at different sites using the entire dataset 
(2,987 dogs). Both models included the effect of age of dogs at screening, kennel and sex. 
The first model included also the inbreeding coefficient as a categorical effect [F1 = (F = 
0%); F2 = (0 < F < 5%); F3 = (5 < F < 10%); F4 = (F > 10%)]. The model was: 

eaZpZXβy 21 +++= . Where y  is the vector of observations, β  is the vector of 

systematic effects (previously described), p  is the vector of kennel effects, a  is the vector 

of animal additive genetic effects and e  is the vector of residual effects. Effects of different 

kennel were assumed to be normally and independently distributed ( )IP0,p ⊗N~ . 

Animal additive genetic effects were assumed to follow a multivariate normal distribution, 

( )AG0a 0    , ~ ⊗N  where 0G  is the (co)variance matrix between animal effects, and A  

is numerator of Wright’s relationship matrix. Residuals were assumed to follow the normal 

distribution, ( )IR0e 0    , ~ ⊗N ; X , 1Z  and 2Z  are incidence matrices of proper 

dimensions. Flat priors were used for systematic effects and variance components. 
Parameters were drawn from the posterior distributions using Gibbs sampling as 
implemented in TM program (available at: http://cat.toulouse.inra.fr/~alegarra/). A single 
chain of 800,000 iterations was obtained for each of bivariate analyses, with a burn-in of 
50,000. Samples were saved every 200 iterations. The posterior median was used as a point 
estimate of heritabilities and genetic correlations. Lower and upper bounds of the highest 
95% confidence region for h2 and additive genetic correlation (rA) were obtained from the 
estimated marginal densities.  

Results and discussion 
Posterior densities of genetic parameters for DOD are presented in Table 1. 
 
Table 1. Posterior medians of heritability (on the diagonal) and genetic correlations 
among score of the degree of osteophytes development at eight intervertebral sites1 

Site2 T9-T10 T10-T11 T11-T12 T12-T13 L1-L2 L2-L3 L6-L7 L7-S1 
T9-T10 0.07 0.84 0.84 0.75 0.67 0.66  0.52 0.50 
T10-T11  0.08 0.82 0.95 0.78 0.77 0.65 0.46 
T11-T12   0.27 0.97 0.98 0.88 0.75 0.57 
T12-T13    0.26 0.87 0.80 0.62 0.49 
L1-L2       0.16 0.96 0.73 0.42 
L2-L3      0.17 0.56 0.46 
L6-L7       0.14 0.60 
L7-S1        0.23 
1 All 95% credibility region estimates did not include zero. 
2 T9-T10 through L7-S1 are intervertebral sites; T = thoracic, L = lumbar, S = sacral. 
 



Heritability estimates are heterogeneous across sites, and ranged from 7 to 27%. Sites T11-
T12 and T12-T13 exhibited the highest estimates of h2, being partially agree with those 
obtained by Carnier et al. (2004) using the same dataset but with a reduced number of 
records. 
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Figure 1. Dispersion plot (left) and frequency distribution (right) of percentage of 
inbreeding (%F) for dogs with at least 4 equivalent generations of known pedigree 
data. 
 
Table 2. Posterior median and highest probability (95%) density intervals of the 
inbreeding depression (expressed as differences between different levels for the 
inbreeding coefficient F and noninbred dogs) on degree of osteophytes development 
(DOD) at eight intervertebral sites 
 F2 vs F11  F3 vs F11  F4 vs F11 
Site Median HPD(95%) P2  Median HPD(95%) P2  Median HPD(95%) P2 
T9-T10 -0.043 -0.08; 0.01 3  -0.005 -0.06; 0.05 43  0.017 -0.04; 0.08 70 
T10-T11 -0.071 -0.17; 0.03 9  0.079 -0.05; 0.20 89  0.072 -0.07; 0.22 83 
T11-T12 0.004 -0.13; 0.03 52  0.011 -0.16; 0.18 55  0.073 -0.13; 0.27 75 
T12-T13 0.104 -0.07; 0.27 88  0.053 -0.16; 0.26 69  0.275 0.02; 0.52 98 
L1-L2 0.050 -0.06; 0.16 80  0.047 -0.09; 0.19 74  0.122 -0.04; 0.29 92 
L2-L3 0.080 -0.09; 0.11 56  0.087 -0.04; 0.21 91  0.053 -0.09; 0.20 75 
L6-L7 -0.035 -0.14; 0.07 25  -0.010 -0.13; 0.12 44  -0.090 -0.24; 0.06 12 
L7-S1 0.005 -0.21; 0.22 52  0.122 -0.14; 0.39 81  0.006 -0.31; 0.32 51 
Nsite_33 0.002 -0.02; 0.02 56  0.008 -0.02; 0.03 69  0.020 -0.01; 0.05 88 
Nsite_3_i4 0.005 -0.03; 0.04 62  0.007 -0.03; 0.04 62  0.051 0.01; 0.09 98 
Avgdod125 0.013 -0.06; 0.09 63  0.045 -0.05; 0.13 82  0.073 -0.04; 0.18 90 
Avgdod206 0.008 -0.04; 0.05 63  0.029 -0.02: 0.08 84  0.045 -0.02; 0.11 91 
1 F1 = (F = 0%); F2 = (0 < F < 5%); F3 = (5 < F < 10%); F4 = (F > 10%).  
2 Probability of differences being greater than 0 
3 Number of sites with degree of osteophytes development scores as 3 (the worst one) 
4 Number of sites with degree of osteophytes development scores as 3 (the worst one) for t10_t11 up to l1_l2 (the 

most important) 
5 Average DOD score on 12 sites (the most important) 
6 Average DOD score on 20 sites  
 



Regarding the population structure and inbreeding, the average equivalent generation for the 
population of study was 4.45. The maximum number of known generations was 9. Figure 2 
(left) shows the F distribution for individuals with at least 4 equivalent generations. For the 
subset of dogs included in the analysis, F ranged from 0 to 29% and the frequency 
distribution of F had a longer tail to the right. Mean and median F were 3.48 and 1.97, 
respectively. Table 2 shows the posterior median differences between levels of inbreeding 
relative to the first F level (F = 0%). Dogs with F greater than 10% (group 4) had an average 
DOD of 0.07 points higher than low or not-inbred dogs, with the exception of L6-L7 site. 
However, the 95% Bayesian confidence region included 0. Moreover, the posterior 
probability of differences, being greater than 0 for all the contrasts, tended to augment with 
the increasing of F, evidencing a light inbreeding depression for almost all sites. These 
results are in agreement with those reported by Mäki et al. (2001) for hip and elbow 
dysplasia of different breeds. 

Conclusion 
The degree of osteophytes development shows exploitable additive genetic variation. Its 
extent in the area between the 11th and 13th thoracic vertebrae is of particular importance 
because it is strictly correlated to the degree of osteophytes development of all the other 
sites, and has a moderate heritability. A slightly detrimental effect have been noticed for the 
inbreeding, especially for group of dogs with F greater than 10%. 
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