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ABSTRACT: Risk factors associated with 4 claw lesions 
in the Spanish dairy cow population were studied. Data 
used included 78,051 records from 834 dairy herds. Odds 
ratios were calculated indicating the estimated risk of each 
lesion by fitting a generalized linear model using a probit 
link function. For sole ulcer, white line disease, and chronic 
laminitis later parities were more likely to suffer lesions, 
while the risk of dermatitis is higher in heifers. Probability 
of lesions was greater in herds with less than 200 cows, 
with free-stalls barns, in zones with high humidity and hot 
climates. Besides, the presence of a previous lesion predis-
posed cows to another one. The floor type recording must 
be reconsidered, in the way as it is now, in order to take 
into account interactions as well as where the different 
floors are placed in the farmhouse.  
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Introduction 
 

Claw health problems are the third reason for cull-
ing in dairy farms, reducing milk production (Green et al., 
2002) and even affecting fertility (Barkema et al., 1994), 
leading also to economic losses. Moreover, claw lesions can 
detriment animal welfare. Claw diseases are caused by 
different and multivariate factors related to each other as 
well as related to the animal, farm management, and weath-
er conditions. Spanish farmers are concerned given the 
increasing claw problems in the last decades, and the Span-
ish Holstein Association (CONAFE) implemented in 2012 
a centralized electronic recording system for six claw disor-
der traits, called I-SAP (Charfeddine et al., 2013). The aim 
of this study was to determine the risk factors associated 
with claw disorders in Spanish dairy cow population. 
 

 
Materials and Methods 

 
Data. Claw trimming data for claw disorders rec-

orded by private hoof trimmers involved in I-SAP program 
were used. Although six claw lesions were recorded only 
four, digital and interdigital dermatitis (DE), sole ulcer 
(SU), white line disease (WL), and chronic laminitis (CL), 
have been considered in this study because interdigital 
hyperplasia and interdigital phlegmon incidences were 
lower than 1% and could compromise analysis. In Table 1 
the incidence of each lesion in the population of study is 
shown. Database included 78,051 health claw records in 
834 dairy herds registered by 22 trimmers. Data were rec-
orded either during routine or urgent trimming visits. 

Trimmings were made twice a year, such that a cow could 
have several trimming records per lactation. A total of 
51,506 cows were included in our study. Trimmers score 
each disorder as mild or severe lesion for each claw, never-
theless only information about presence or absence of the 
lesion in hind claw was used in this study.  

 
Table 1. Annual incidence (%) of digital and interdigital 
dermatitis (DE), sole ulcer (SU), white line disease 
(WL), and chronic laminitis (CL). 

Lesion Incidence (%) 
DE 14.90 
SU 11.14 
WL 7.03 
CL 3.61 

 
 
Risk factors. Lactation number (first, second, and 

later), stage of lactation (first 150d and later), age at calving 
within parity (early and late), and the presence of another 
lesion within parity were studied as factors related to the 
animal. The herd management factors analyzed were hous-
ing type (free-stalls, tie-stalls); flooring type (flat concrete; 
grooved concrete; slat; soil; mixed; rubber; compost bed-
ding; other); and herd size (200 cows or less and more than 
200 cows). Geographical zone (North and the rest) and 
season of trimming visit were also analyzed as risk factors. 

 
Statistical analyses. Potential risk factors were 

tested using univariate models such that variables with P < 
0.20 were then included in a multivariate model. Odds 
ratios (OR) were calculated indicating the estimated risk of 
each lesion by all factors jointly. Trimmer and percentage 
of cows trimmed per visit were also included in the model 
but are not described here. The association between factors 
and each lesion was estimated using a binomial distribution 
and a probit link function in generalized linear models 
(PROC GENMOD of SAS, 2003). The linear model fitted 
to each lesion data ( ijy ) followed this scoring rule: 
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Where ij ij ijzµ η= +  is a latent variable (liability to each 

lesion), and ijz  are independent and identically distributed 
standard normal random variables. In this model, the prob-
ability of presence of each lesion is ( ) ( )1| ij ijP y µ µ= = Φ , 



where ( )Φ .  is the standard normal cumulative distribution 

function. The probit link is based on a linear predictor ijη of 
susceptibility to lesion, such that: 
 

0ij i jF cowη α= + +  
 
Where α0 is an effect common to all observations; Fi is each 
of the factors; cowj is the permanent environmental effect of 
the jth cow. The specification for the linear model is 
ij ij ijy η ε= +  with the distribution of model residual being 

( )2~ N εσε 0,I . The residual variance, 2
εσ , can be interpret-

ed as reflecting variation between temporary environmental 
effects. 

 
Results and Discussion 

 
Lactation number. With third or more lactation 

used as reference, cows in first and second parities are 
statistically significant less prone to SU, WL, and CL than 
later lactations. Odds ratio (Figure 1) show that cows at first 
parity are at lower risk for SU, WL, CL. Then, later parities 
were more, riskier lactations. The high OR in heifers for DE 
may be due to an immune suppression associated with the 
stress around calving. Similar results have already been 
reported (Barker et al., 2009). 

 
Stage of lactation. Cows in the first 150d of lacta-

tion were less likely to develop WL (regardless of the parity 
number) and DE (in the first lactation), relative to late lacta-
tion. In the opposite, the first half-lactation was associated 
to a higher (6-14%) risk of CL in second or later lactations. 
This could be explained because peak of lactation in later 
parities is higher and cows at that moment are more likely 
to suffer claw lesions (Warnick et al., 2001; Sanders et al., 
2009). 

 

 
Figure 1: Odds ratio (OR) by parity number (P <0.0001) 
for digital and interdigital dermatitis (DE), sole ulcer 
(SU), white line disease (WL), and chronic laminitis 
(CL). Reference (OR=1) is third or higher parity. 
 

 
Age at calving within parity. Early calving cows 

showed a reduce probability of all lesions with respect to 
late calving cows, from 5% to 24% (except for DE in third 
or more parity). For instance, the OR of cows aged 26 mo 
or less at first calving for DE and WL were 0.92 and 0.88 

(P <0.05) compared with cows aged 33 mo or more. Ettema 
and Santos (2004) also reported a trend for older calving 
primiparous to have a greater incidence of LAM. 

 
Presence of another lesion. Most of the claw le-

sions are affected by another different lesion. In Table 2 are 
shown the OR for each of the four disorders in the presence 
of each of the other three lesions by parity number. The 
highest probabilities were in the second calving. The risk of 
DE was highest if the cow already presented WL lesion, 
and vice versa. The presence of DE also led to over 42% 
higher risk of SU and 11-22% higher risk of CL. However, 
for the studied population, the presence of WL or CL re-
sulted in a lower probability of each other, although WL 
can be a consequence of CL (Risco and Meléndez, 2011). 
Despite DE and SU do not share common causative mecha-
nisms, the presence of either of them led to a higher risk for 
the other one. This result might be due to a combination of 
chronic irritation of the claw caused by early disorders and 
common unhygienic circumstances. 

 
Table 2. Odds Ratio of appearance of each lesion (Digi-
tal and interdigital dermatitis, DE; Sole ulcer, SU; 
White line disease, WL; Chronic laminitis, CL) in the 
presence of another lesion by parity number. Bold 
numbers are significant at 5% level. 

Lesion  
Parity number 

1 2 ≥  3 
DE 

SU 1.30 1.45 1.36 
WL 1.77 1.81 1.62 
CL 1.45 1.31 1.28 

SU 
DE n.e.1 1.42 1.40 
WL n.e. -2 1.31 
CL n.e. - - 

WL 
DE 1.01 1.11 1.29 
SU 1.64 - 1.65 
CL 0.70 0.75 - 

CL 
DE n.e. 0.87 1.08 
SU n.e. - 1.17 

WL n.e. 1.28 - 
1 Non-estimable. 
2 Non-significant at 20% level in the univariate analyses and, therefore, not 
included in the multivatiate analysis. 
 

 
Geographical zone. Cows in herd from the North 

of Spain were more likely to suffer DE (OR=1.26), SU 
(OR=1.63), and WL (OR=1.74) than cows from the rest of 
the country. This is due to the higher levels of humidity. 
However, CL was not associated to any specific zone. 

 
Herd size. Cows in farms with less than 200 ani-

mals showed more risk for DE (11%) and SU (8%), while 
for WL and CL differences were not significant. 
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Season of trimming visit. Compared with fall 
(used as reference), spring was the season with less lesions 
incidences (Figure 2). Fall was the worst season for all claw 
lesions, except for DE, followed by summer. Heat condi-
tions in the farms of study can be extreme in summer and 
that explain that both summer and fall are the riskier sea-
sons for claw health. Heat stress increases lameness prob-
lems because cows spend more time standing and also 
increases the rumen acidosis which contributes to a reduc-
tion in the keratinization of claw horn (Cook et al., 2007) 
and its effects can last up to two months after the heat peak. 
Calving seasonality can explain also part of the season 
effect. 

 

	  
Figure 2. Odds ratio (OR) by season of trimming visit (P 
<0.001) for digital and interdigital dermatitis (DE), sole 
ulcer (SU), white line disease (WL), and chronic lamini-
tis (CL). Reference (OR=1) is fall. 
n.s.: Non-significant at 5% level. 

 
 
Housing type. Tie-stalls were more beneficial for 

claw than free-stalls, especially for WL (OR=1.19; 
CI=1.07-1.32). For the rest of studied traits, free-stalls were 
associated to 11% and 3% more DE and SU, respectively, 
while no differences were found for CL. Cook (2003) re-
ported that prevalence of infectious diseases is higher for 
cows housed in free-stalls because they are more exposed to 
manure. 

 
Flooring type. The reference chosen was grooved 

concrete. Soil surface was not statistically significant at all 
probably due to the low frequency of this kind of flooring 
in our records. Only significant differences will be com-
mented. Smooth concrete has negative influence on DE and 
WL lesions, increasing both problems by 17%. Solid con-
crete floors are slippery and do not provide enough friction 
to allow natural locomotion behavior (van der Tol et al., 
2005). Slatted floors increased the risk of DE in 22%. 
Mixed floors (cows with access to pasture) was only asso-
ciated with a higher risk of WL (OR=1.09; CI=1.01-1.18). 
Compost bedding acted as a preventive factor for DE 
(OR=0.85), SU (OR=0.75) and WL (OR=0.84). In our 
study, cows walking on rubber floors were from 24% to 
39% more likely to develop all lesions. In our study it was 
not specified neither where the rubber floor was located nor 
whether it was a smooth surface. Other surfaces (mainly 
mat) led to reduce claw disorders (22-30%). This factor, in 
the way it is recorded, is mixing-up flooring type and bed-
ding system, when usually both are interacting. Therefore, 
these results must be carefully considered. 

Conclusion 
 

The risk factors associated to most claw lesions 
were: later parities, later stage of lactation, later age of 
calving, smaller herd size, higher humidity and hotter cli-
mate zone, free-stalls barns, and the presence of another 
lesion. The floor type recording must be reconsidered, in 
the way as it is now, in order to take into account interac-
tions as well as where the different floors are placed in the 
herd.  
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