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Introduction 
 

In light of data suggesting that culling rates in North America continue to increase as 
milk yield increases, and with renewed interest in cow longevity, it is tempting to speculate that 
improvements in genetics and nutrition have outpaced the facilities in which we house our dairy 
cows. If we are to continue to milk high yielding dairy cows, whilst improving cow health and 
longevity, we must improve the environment in which we house them and question some of the 
management and feeding strategies which are now commonplace.  

 
Clearly, management practices put great strains on a cow’s individual daily time budget 

for lying, feeding, drinking, milking and socializing. Time spent in lock-ups for example, will 
ultimately affect time spent performing other activities throughout the remainder of the day. It is 
also becoming clear that while many cows in a group maybe unaffected by environmental design 
faults and management interventions, a small but significant population of cows are greatly 
affected. We believe that studies must be aimed at identifying this group of “outliers”, for we 
suspect that poor health and productivity does not impact the whole group, but afflicts those 
individuals that struggle to cope and adapt to a situation. 

 
This paper aims to review our current knowledge regarding cow comfort and its effect on 

lameness and productivity of the cow. 
 
Cow Comfort – the Benefits 
 

Two separate studies have shown that compared to the standing position, blood flow to 
the mammary gland when cows lay down is increased by 24-28% (Metcalf et al., 1992; Rulquin 
and Caudal, 1992). This may improve the delivery of nutrients to the udder and increase milk 
yield. Currently, the data that conclusively links improved cow comfort with increased 
production is sparse. Natzke et al., (1982) reported higher milk production in cows during a stall 
preference study, when stall utilization; which included standing in stalls, was highest.  

 
We do know however, that lameness may have a significant impact on milk production 

(Warnick et al., 2001; Green et al., 2002), and there is a growing body of evidence which 
demonstrates the importance of cow comfort to the prevention of lesions of the claw horn and 
interdigital space. 
 



 
What factors influence Cow Comfort and Lying Time? 
 

The mechanics of rising and lying in the cow are complex (Nordlund and Cook, 2003), 
but within a given stall design, a significant amount of data would suggest that cows appear to 
prefer more cushioned surfaces (Wandel et al., 2002; Palmer and Wagner-Storch, 2003). The 
design and dimensions of the stall are also very important however. For the cow to rise on her 
rear legs she must transfer weight over the front knees, creating a point of balance which requires 
the cow’s head to almost touch the ground in an area referred to as the “Bob Zone”. Designs 
which inhibit this lunge and bob movement of the head may reduce stall usage by creating fear 
of slippage of the rear feet on the stall surface, due to inadequate weight transfer. Haley et al., 
(2000) found that when cows were restricted in tiestalls, they were more reluctant to change 
position from lying to standing and Krohn and Munksgaard (1993) found that in tiestalls, 
compared with loose housing, there is an increased frequency of interruption of the lying down 
movement. Haley et al. (2001) found that lying time increased in tiestalls from 10.4 hours per 
day on concrete to 12.2 hours per day on a mattress stall base. Cows lay down less frequently, 
but for longer periods on concrete, suggesting that they were reluctant to perform the actual 
process of standing and lying. These studies taken together confirm an interaction between 
lunging inhibition due to stall design, and rising surface. 

 
In addition to stall design, cow comfort and stall usage will be influenced by a number of 

animal, environmental and management factors which will ultimately influence daily lying 
times. These include parity, stage of lactation, milk yield and times milked per day, health status, 
stocking rate, heat activity, social position, daily human interactions with the cow, and 
temperature. 

 
First lactation heifers, when first exposed to freestalls in a competitive environment, may 

lie down for as little as 6.25 hours per day (Singh et al., 1993) and Chaplin et al. (2000) found 
that early lactation heifers lay down in the same stalls for only 9 hours per day, compared to 11.4 
hours when they were pregnant.  

 
Overcrowding has been found to decrease lying times in freestalls. Friend et al., (1976) 

found that mean daily lying time was only significantly reduced in a pen with 12 lactating cows 
when stocking density reached 200% (2 cows per stall). Leonard et al., (1996) found that in a 
group of heifers housed at a stocking density of 200% pre and post-calving, lying times averaged 
7.5 h per day with a wide range from 2.7 to 11.9h. Animals that consistently lay down for 5h per 
day or less were identified. Wierenga and Hopster (1990) described a study monitoring cow 
behavior in groups of 15-20 lactating dairy cows, comparing three levels of overstocking at 25%, 
33.3% and 55%, with behavior at 0% overstocking. Lying behavior at night decreased 
significantly at 33.3%, but was compensated for by a significant increase in lying behavior 
during the evening. At 55% overstocking, this compensation mechanism was overwhelmed and a 
significant reduction in lying time was observed overall. Interestingly, these authors were able to 
identify high and low ranking individuals in the group. The behavior of high ranking cows was 
largely unaffected by overstocking, other than a reduction in standing in alleys in the evening at 
33.3 and 55%. However, the behavior of low ranking individuals was significantly altered, even 
at 25% overstocking. A reduction in lying during the night was reported at all levels of 



overstocking. This was compensated for by increased lying in the evening up to 55%, but at this 
level of overstocking, the compensation mechanism was overwhelmed. This study clearly 
demonstrated the importance of detecting effects on “outliers” rather than looking at group 
means. 

 
Cows have a strong motivation to lie down. Metz (1985) showed that following a three 

hour period of lying and feeding deprivation, cows chose to compensate for their loss of lying 
time in preference to feeding. Such data suggests that management changes, such as locking 
cows up for fertility treatments, may cause changes in cow behavior over the subsequent hours. 
Cows can compensate, provided that these challenges are not too frequent. 

 
Ambient temperature has also been shown to affect stall preference for different 

materials. Extremes of temperature may have an adverse effect on sand preference; Palmer and 
Wagner-Storch (2003) showed that sand was the preferred choice at 21-60oF, whereas a rubber 
crumb mattress (Pasture Mat®) was preferred at 1-20oF and 61-100oF, in a barn without heat 
abatement strategies.  
 
Cow Comfort and Feet and Leg Hygiene 

 
Increased time spent lying down in a clean dry comfortable stall will potentially mean 

less time spent in concrete alleyways and lead to cleaner drier feet. Cattle housed in wet, manure 
contaminated conditions are more likely to suffer infectious diseases of the foot (Bergsten, 1997; 
Cook and Cutler, 1995; Philipot et al., 1994), such as interdigital necrobacillosis (foot rot), heel 
horn erosion (HHE) and papillomatous digital dermatitis (heel warts; PDD).  

 
Hygiene Score data collected by the author from Wisconsin dairy herds suggests that foot 

and leg hygiene in freestall barns is usually worse than in tiestalls, largely because of the 
quantity of manure present in the alleys.  

 
Common reasons for poor leg hygiene in freestall barns include: 
 
• Infrequent removal of alley manure 
• Overstocking 
• Use of a three row pen design rather than a two row design 

 
Frequency and type of alley scraping will have a major impact on manure accumulation. 

Slatted floors are common in Europe, but they are coming under increased scrutiny due to poor 
air quality and high ammonia concentration levels in the barn. A recent study suggested that 
cows have no preference for grooved concrete or a slatted area (Stefanowska et al., 2002), which 
is in contrast to the author’s experience. The hot humid conditions during the summer in much of 
the US make it unlikely that slatted barns will become commonplace from purely an air hygiene 
point of view. Flushing and manual scraping are usually performed when the cows are in the 
collecting yard for milking, hence normally 2 or 3 times per day. Guidelines for the frequency of 
removal of manure based on hygiene and health assessments are unavailable. The author 
recommends a minimum frequency of three times a day for the control of infectious foot disease. 
Automatic scrapers have the potential to keep freestall cow’s lower limbs cleaner only if they are 



operated continuously and over a short distance, so that cows do not have to walk through a large 
wave of manure as it progresses through the pen.  

 
Overstocking will lead to more manure being deposited per square foot of alleyway and 

exacerbate existing problems, particularly in six row freestall barns, milked and scraped only 
twice daily. A three row freestall pen with three crossovers, designed to house 100 cows, will 
have approximately 4070 square feet of alleyway and crossovers. A two row freestall pen, also 
designed to house 100 cows tail to tail, with the same number of crossovers, will have 
approximately 5004 square feet of alleyway area. That equates to 20% less surface area for the 
same quantity of manure. Unless we scrape more frequently, the manure level in the pen will be 
deeper, resulting in dirtier feet and legs and an increased risk of PDD (Cook, 2002a).  

 
Cow Comfort and Laminitis 

 
On two similar farms with near identical stall designs and rations, Colam-Ainsworth et 

al., (1989) elegantly demonstrated that a laminitis problem in early lactation in first lactation 
heifers on one farm was associated with a dramatic difference in the amount of straw bedding 
being used on the concrete stall surfaces. The problem farm used 75% less bedding, which was 
associated with a greater time spent standing in alleys and half in freestalls. An increase in the 
amount of bedding being used appeared to alleviate the problem. 

 
Aspects of stall design, such as lack of surface cushion, low divider rails (<34cm, 13.5”), 

limited borrowing space and high rear curbs (>16-20cm, 6.5-8”) have all been related to an 
increase in lameness or laminitis (Faull et al., 1996; Leonard et al., 1994; Philipot et al., 1994)  A 
stall usage index, measured as the proportion of cows in stalls that were standing, either 
completely in or half in stalls, one hour before milking, was significantly related to lameness 
prevalence in a recent Wisconsin lameness survey (Cook, 2002b) (Figure 1). 
 
Figure 1. The relationship between Stall Usage Index and Lameness Prevalence in Wisconsin 
Freestall herds 
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 In the United Kingdom, the research effort toward understanding laminitis has been 
targeted at the interaction of the environment with diet and other changes around calving time in 
first lactation heifers. Such an approach is supported by recent epidemiological survey data 
which suggests that those individuals that suffer lameness during the first lactation are more 
susceptible to lameness in subsequent lactations, during the second lactation in particular, and 
especially with claw horn lesions (Hirst et al., 2002). 
 

Leonard et al., (1996) presented data from 43 heifers housed in a freestall barn with 
access to two stall designs pre and post-calving. The first allowed for side lunging and was 
bedded with a rubber mat and the second was a more restrictive divider design with a concrete 
stall surface. The authors noted reduced lying and increased periods spent standing half in and 
half out of stalls in heifers housed in the pen with the more restrictive divider style and firmer 
stall surface. These heifers, after calving, suffered significantly worse claw hemorrhage scores 
and an increased rate of clinical lameness in the two months after calving compared with heifers 
in the less restrictive stall with greater surface cushion. Correlation between reduced lying 
behavior and worsening claw health was observed in heifers in the more comfortable stalls. 

 
Overstocking has been used to trigger dramatically reduced lying times in autumn calving 

heifers post-calving (Leonard et al., 1996). Using a restrictive stall divider design, pens were 
stocked at 2 heifers to 1 stall immediately after calving. Under such conditions a wide range of 
lying times were recorded (2.7 to 11.9 hours per day), with a mean of 7.5h. Worsening claw 
hemorrhage scores were significantly associated with reduced lying times four months after 
calving. In those autumn calving heifers classified as short lying (lying approximately 5 hours 
per day), four of seven developed clinical lameness, compared to a rate less than 10% in medium 
(7h/day) and long (10h/day) lying groups. The authors noted that lesions occurred only after a 
prolonged period of overstocking and enforced short lying, and that the lesions were worse when 
the housing treatment was combined with calving and feed change. 

 
Recent studies have attempted to extract the housing effect from the effect of change in 

diet and events around calving time. Webster (2001) noted that claw lesion scores observed in 
heifers housed either on straw bedded packs or in freestalls from 4 weeks before, to 24 weeks 
after calving, worsened after calving. However, lesions were more severe in heifers housed in 
freestalls than on a bedded pack, and were exacerbated by the feeding of low dry matter feed. 
Livesey et al., (1998) also reported that white line and sole hemorrhage scores were exacerbated 
by freestall housing, compared to housing in straw yards, and by the feeding of a high 
concentrate diet, in heifers post calving. 

 
From these data, time around calving, and the onset of lactation, appear to be significant 

risk factors for claw horn lesion development. Systemic changes at this time appear to set in 
motion a chain of events which are influenced by environmental and dietary factors. Tarlton and 
Webster (2002) have shed light on the exact nature of these systemic changes. Using hoof 
explants from age matched maiden heifers and heifers killed pre and post calving, they 
demonstrated a deterioration of the structural integrity of the hoof around calving time, which 
would allow the pedal bone to sink within the hoof capsule. An increase in the concentrations of 
activated MMP-2 (a metalloproteinase enzyme) and a novel gelatinlytic protease (“Hoofase”) 



were identified in the tissues of the corium at 2 weeks pre-calving – suggesting a causal link 
between the enzyme activation and the change in hoof structure. 
 

An excessive amount of time spent weight bearing and/or insufficient time spent lying, 
may facilitate the breakdown of the connection between the pedal bone and the horny capsule of 
the claw wall, triggered by changes in the elasticity of the connective tissues of the corium and 
an increased mobility of the pedal bone, thereby explaining the worsening in claw lesion scores 
observed in those animals subjected to sub-optimal environments after calving. The findings of 
Leach et al., (1997) support the view that the initial lesion occurs in the corium of the laminar 
region of the claw, and that damage to the corium of the sole occurs later, following sinking of 
the pedal bone. They observed claw hemorrhage in first calving heifers monitored from 4 weeks 
before to 32 weeks after calving. White line hemorrhage was most severe at 9 weeks, compared 
to sole hemorrhage which was maximal at 14 weeks post calving. 

 
However, while first lactation laminitis is important to the overall epidemiology of 

lameness in dairy cows, the author is aware that cows in North American conditions may face 
other significant risk factors. Sub-acute ruminal acidosis (SARA) is commonly found in high 
producing dairy herds (Nordlund et al., 1995) and rates of clinical lameness treatment often 
increase in September, following summer heat stress. Work in Australia, using equine hoof 
explants has suggested an alternative pathway of metalloproteinase activation and subsequent 
laminitis. 

 
Mungall et al., (2001) showed that streptococcal pyrogenic exotoxin B (SpeB), released 

from Streptococcus bovis may activate MMP-2 and separate lamellar explants dose dependently. 
There exist some anatomical differences in the site of the lesion in horses and cattle. The 
separation in the horse occurs at the dermal-epidermal junction, whereas in the cow, it is the 
connective tissue of the corium which undergoes change, hence the suggestion that the condition 
be referred to as coriosis, rather than laminitis (Lischer and Ossent, 2002). However, these data 
do demonstrate a link between S.bovis, an organism with a significant role in SARA, and damage 
to the integrity of the hoof caused by MMP-2, which maybe activated by its exotoxin. 

 
Environmental stressors, such as poor stall comfort, overstocking and heat stress 

behavior, coupled with SARA may potentially trigger coriosis (laminitis) at other stages of 
lactation and in cows beyond first lactation. Leonard et al., (1996) noted that in overstocked 
conditions there were individuals in a pen that consistently had short daily lying times. It is likely 
that these short lying animals are low ranking in the pen hierarchy, and are more susceptible to 
disease. 

 
Galindo and Broom (2000) have confirmed that low ranking individuals spend less time 

lying and more time standing still and standing half in freestalls than middle and high ranking 
cows. Hierarchy position was determined using an index of displacement based on mutual stall 
evictions between individuals. Excessive time spent standing half in stalls was identified as a 
significant risk factor for interdigital and heel lesions. Increased total time standing>45% of the 
time significantly increased sole lesions and lameness cases. The survival time to lameness for 
low ranking cows was significantly shorter than for high ranking animals, with more than 60% 
suffering clinical lameness within the 25 week period of the study. In a second study, Galindo et 



al., (2000) further examined standing behavior in low ranking individuals in a group of 40 
lactating dairy cows housed in stalls with a restrictive stall design. Low rank cows stood still in 
alleys and half in freestalls for significantly longer than high rank cows. Importantly, these 
authors were able to track behavior patterns as individuals became lame during the study period. 
Compared to those individuals that remained sound, the lame cows were of lower rank and stood 
for significantly longer half in stalls. Mean time standing still in alleys was not significantly 
different. 

 
Cook (2002c), in a selection of well managed Wisconsin dairy herds noted significantly 

lower lameness prevalence in herds utilizing sand stall bases, compared to those using either a 
mat or a mattress stall base. It is therefore possible that cows managed in herds with sand stalls 
exhibit less aberrant stall use behavior than cows in herds using other stall surfaces. 
 
Cow Comfort and Hock Damage 
 

Although perhaps not of major significance to overall lameness problems on most farms, 
hock abrasion and ulceration is of significance to individuals and an important welfare issue. It 
may also be used as an indicator of cow comfort. Mattresses have the distinct disadvantage over 
sand in that they carry a much greater risk of hock damage. In one study, 91% of cows on 
mattresses and only 24% of cows on sand had evidence of hock abrasion (Weary and Taszkun, 
2000).  
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