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INTRODUCTION
Lameness is an important problem on many modern dairy farms and has
been ranked as the third most common disorder, behind mastitis and reproductive
failure, contributing to economic losses for farmers (Whitaker et al., 1983; Enting
et al., 1997). Costs include treatment, decreased milk production, decreased
reproductive performance, and increased culling. Estimates of the total annual cost
of lameness in European studies range from $1750 to $3724 US for a 100-cow
herd (Whitaker et al., 1983; Esslemont, 1990; Enting et al., 1997; Borsberry et al.,
1999).
One of the leading causes of lameness is laminitis (Collick et al., 1989;
Frankena et al., 1992; Ward, W.R., 1994; Bergsten and Herlin, 1996). Estimates of
the incidence of lameness range from 5.5 to 65 percent (Russell et al., 1982;
Whitaker et al., 1983; Ward, 1994; Murray et al., 1996), but laminitis may be
present without showing obvious signs of lameness. Thus, estimates of the
number of cows affected by laminitis range from 60 to 90 percent (Mortensen and
Hesselholt, 1982; Bradley et al., 1989; Smilie et al., 1996). Many authors believe
that laminitis, and specifically subclinical laminitis, is the most important
affliction of dairy cattle claws (Vermunt and Greenough, 1994).
Laminitis is an inflammation of the laminae and papillae inside the hoof
(Figure 1). These layers of tissue are arranged in folds that act to absorb the
impact of the hoof contacting the ground. Another important function of these
tissues is the production of the horny tissue of the hoof wall and sole. Anything
that disrupts the flow of blood to the laminae or papillae will result in damage to
these tissues and impair their ability to absorb shock or produce high-quality
horn.

Figure 1. The laminae and papilla inside the cow’s hoof.
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There are three forms of laminitis: acute, subclinical, and chronic. Acute
laminitis commonly occurs as a result of a diet high in concentrates and low in
effective fibre. A decrease in ruminal and systemic pH leads to vessel wall damage
in the hoof, internal haemorrhage, swelling of the laminae and papillae, and severe
pain (Nocek, 1997). This stage of laminitis is often associated with sudden
lameness.
Subclinical laminitis is the most common form of laminitis in dairy herds
(Greenough, 1985; Bergsten, 1994) but often goes undetected because affected
animals may not show any obvious signs of lameness. This phase of the disease
can result from physical injury to the hoof or from damage sustained during acute
laminitis (Nocek, 1997). The damage sustained by these tissues results in
production of poor quality horn (Hendry et al., 1997). The wall and sole of the
hoof become softer and more prone to wear and damage, and the pedal bone may
begin to separate from the wall and sole as the laminae and papillae degenerate
(Nocek, 1997). Signs of subclinical laminitis include yellowish discoloration of the
sole, haemorrhaging and sole ulcers (Hendry et al., 1997).

If the disease remains untreated, subclinical laminitis can lead to chronic
laminitis. During this stage progressive degeneration of the vascular system and
internal structures of the foot occurs, the final outcome being irreversible damage
and lameness (Nocek, 1997).
REVIEW
Although nutritional factors have long been recognised as contributing to
laminitis (e.g. Livesey and Fleming, 1984; Peterse et al., 1984; Manson and
Leaver, 1989), environmental and management factors may also play important
roles in the development of this disease. Housing and management can affect both
how long cows spend on their feet and what they are standing upon, and these
factors may in turn contribute to laminitis. Figure 2 illustrates some of the
proposed links. For example, frequent milking and large group sizes both increase
the amount of time cows spend in the holding area waiting to be milked. This
increased time standing, together with the type of surface the cows are standing
upon, may then affect the incidence of laminitis.
Figure 2. A few of the environmental and management factors that may affect the
time cows spend standing or walking or the quality of the surface they are standing
upon. Flooring and time spent standing or walking may then interact to result in
laminitis.
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In some cases the link between environmental and management factors and
the time cows spend standing is relatively clear - it takes longer to milk larger
groups so, on average, cows spend longer waiting to be milked. In other cases the
link is less clear. For example, features of stall design such as bedding and stall
width may influence lying time and thus reduce standing time, but this link needs
to be established. In any case, we also need evidence that time standing and the
quality of the surface animals stand and walk upon affect laminitis. Researchers
have only recently begun to work in this area, but some progress has been made as
we review below.
Herd management and laminitis
The effects of herd management have received very little study to date.
Vaarst et al. (1998) found large differences among 13 dairy herds in the prevalence
of sole ulcers, perhaps resulting from differences in management. Other work has
indicated that sudden changes in physical and social environment may contribute
to the development of sole lesions, especially for heifers (Greenough and
Vermunt, 1991; Bergsten and Frank, 1996a; Bergsten and Frank, 1996b). These
authors also suggested that a sudden change of flooring from earth to concrete
might be a significant factor in the development of sole hemorrhages. Greenough
and Vermunt also found that management factors such as rapid rearing of heifers
and sudden introduction to adult cows appeared to contribute to poor claw health.
There is some evidence that the more time cows spend standing on concrete the
higher the incidence of laminitis (Galindo and Broom, 1993; Leonard et al., 1994),
so any practice that increases the time cows spend standing may influence claw
health.
Flooring and laminitis
Epidemiological work has associated concrete floors with a higher
prevalence of laminitis. For example, Bergsten (1994) looked at 22 herds and
found that along with some diet and individual cow factors, there was a positive
correlation between high lesion scores and concrete standing surfaces. Further
evidence of the importance of flooring has been provided by experimental work. A
study by Bergsten and Frank (1996a) looked at the effects of diet, flooring and
season on laminitis in first lactation heifers. They found that the heifers on a

higher concentrate diet had higher lesion scores than those consuming fewer
concentrates, those on concrete flooring had higher scores than those on rubber
mats, and that the type of flooring had a greater influence on lesion scores than the
type of diet. Greenough and Vermunt (1991) also suggested that housing on
concrete might contribute to the occurrence of sole haemorrhages in heifers.
The mechanism by which flooring affects hoof health remains to be
understood. Bergsten and Frank (1996b) looked at the effects of diet and flooring
in gestating heifers and failed to find any differences in hoof health in relation to
flooring type, suggesting that calving is the crucial risk period for laminitis. This
view is supported by a recent study (Chaplin et al., 2000) in which two groups of
heifers, one in early pregnancy and one in early lactation, were housed under
identical conditions. The authors found more severe lesions in the lactating heifers
despite being kept on the same flooring as those in early pregnancy.
Bergsten and Herlin (1996) found higher scores for haemorrhages in the
white line among cows housed on slatted concrete flooring, but there were other
differences between the areas compared, including differences in stall design. An
epidemiological study by Philipot et al. (1994) found that steps in front of the
manger were a risk factor for laminitis, including white line separation. Steps, or
any other source of variation in floor level, may cause problems related to the
uneven distribution of weight either among hooves or within the hoof.
In summary, concrete flooring and differences in floor height are associated
with laminitic injuries. However, there has been very little experimental work on
effects of flooring, and no work on factors such as the texture of the surface and
grooving, wetness, and slurry depth and their possible relationship to laminitis. It
is also likely that any negative effects of flooring will be mitigated by management
practices that reduce the need for cows to spend long periods walking or standing,
or by stall design that provides an attractive place for cows to lie down.
Stall design and laminitis
A number of studies have attempted to link stall comfort, lying times and
the prevalence of sole lesions. One study (Colam-Ainsworth et al., 1989)
compared two dairy herds with similar management and diet. One herd had a
history of lameness problems in replacement heifers while the other herd did not.
Moreover, cows in the problem herd spent less time lying down in the stalls, and

more time standing and lying half-in the stall, or lying on the concrete outside the
stall. The amount of straw bedding was identified as the only obvious difference in
the environments of the two herds, with the problem herd receiving 75 % less
straw per day than the healthy herd. When the amount of bedding was increased
for the problem herd no new cases of laminitis leading to lameness were found.
How much extra straw was added, and whether the lying times improved
following the bedding change was not reported.
In another study focussing on the importance of lying time with respect to
lesion severity, Singh et al. (1993) studied first lactation cows either kept on
pasture or housed in a free-stall barn with concrete stalls. They found fewer and
less severe sole lesions in the cows when they were on pasture than when indoors.
The authors attributed this finding to longer standing times, shorter lying times
and more frequent transitions between lying and standing when the animals were
indoors. Unfortunately the change of environment from indoor stalls to pasture
was also associated with a change in diet and walking surface, making the results
difficult to interpret. In another study (Leonard et al., 1994), two groups of
heifers were housed in separate areas of the same barn. One group had access to
stalls bedded with rubber mats and the other had stalls without mats. The stalls
with mats were also longer and wider than those without mats. Cows using stalls
without mats spent less time lying down and their claw health deteriorated more
during the two months following calving. The difference in stall design was
confounded with a difference in diet, again making the results difficult to interpret.
However, the results from these studies suggest that providing a more comfortable
lying area that leads to better use can improve claw health.
Stall design and stall use
There has recently been a great deal of producer interest in cow comfort,
and how features of stall design can be improved from the cow’s perspective.
Although this work has not assessed the impacts on hoof health, it has shown
how features of stall design can affect stall usage by cows.
Researchers at UBC and Agriculture and Agri-Food Canada have been
working together to understand the effects of stall design on cow comfort and stall
usage. The results of one recent experiment showed that cows provided with
mattresses in their tie-stalls spent 1.5 h/day more time lying down than did cows
provided with only cement to lie upon (Pajor et al., 2000). In another experiment,

cows were provided with either a conventional tie stall with cement floors and
only small amount of straw bedding, or with a spacious, well-bedded pen (Pajor
et al., 2000). Cows in the larger and presumably more comfortable pens spent
more time lying down and less time standing inactive.
At UBC we are currently running experiments on free-stall usage in
relation to various design features including bedding type. In one series of
experiments we have found that cows show a strong preference to lie in sawdustbedded stalls compared to stalls bedded with sand. Our results to date also suggest
that cows spend less time lying down in sand-bedded stalls. We have also
performed experiments on the effects of stall length and width, and the results to
date show that some cows spend more time lying down in the wider stalls.
In a third series of experiments we have looked at neck rail placement.
Interestingly, this work indicates that neck-rail height has little effect on lying
time, but does affect how much time cows spend standing in the stall. This effect
is not surprising as neck rails were conceived partly as a way of preventing cows
from standing in the stall, especially when defecating or urinating. However, it is
possible that providing a stall that is comfortable for cows to stand in will also
help reduce laminitic injuries by giving the cows an alternative to standing on
concrete.
CONCLUSIONS
Laminitis is an important cause of lameness in dairy cattle. The links
between this disease and nutrition have long been recognised. In this paper we
review newer work identifying environmental and management factors that may
also contribute to the development of laminitis. Environmental and management
features that affect how long cows spend on their feet (standing or walking), and
the quality of surface they are standing upon, are both associated with laminitis.
However, there has been little experimental work in this area, and little is known
about how these factors interact with each other and nutrition to affect the
development of this disease.
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