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Introduction 
 
Whatever the housing and management system chosen to manage the dairy cow, she is entitled to 
be treated kindly for her work and be provided a comfortable place to rest with ready access to 
food and water. Poor cow comfort has long been associated with increased rates of lameness in 
intensively managed dairy cattle, and across many studies performed throughout the world it is 
common to find approximately 20% of intensively managed dairy cattle lame at any one time 
(Wells et al., 1993; Clarkson et al., 1996; Whay et al., 2002, Cook, 2003; Espejo et al., 2006). 
 
The discomfort and pain associated with lameness is often underestimated and can systematically 
undermine the management of the dairy herd through its adverse effects on resting, walking and 
feeding behavior which manifest in lowered milk production (Green et al.,2000; Warnick et al., 
2001; Hernandez et al., 2005a), poor reproductive performance (Garbarino et al., 2004; 
Hernandez et al; 2005b; Sogstad et al., 2006), and increased risk for premature removal from the 
herd (Collick et al., 1989; Booth et al., 2004). Differences in lameness prevalence have been 
reported between housing systems which are worthy of review in any discussion of the role of 
cow comfort in herd lameness dynamics. 
 
Housing Systems 
 
In some studies, grazing cattle have a low prevalence of lameness (Haskell et al., 2006), although 
there are well documented lameness problems specific to grazing herds (Chesterton et al., 1989; 
Tranter and Morris, 1991). Straw yards are popular in Europe for housing dairy cattle and are 
associated with significant improvements in claw health (Webster, 2001; Somers et al., 2003), 
and similar low levels of lameness have been identified in compost-bedded barns in Minnesota 
(Barberg et al., 2007). This could be due to a combination of improved resting time on a more 
comfortable surface, and due to a greater proportion of time spent on a softer yielding flooring 
surface when the cow stands between lying bouts (Singh et al., 1993a). Lower rates of lameness 
have been reported in tie stall herds compared with free stall (cubicle) herds (Wells et al., 1993; 
Bergsten and Herlin, 1996; Cook, 2003; Sogstad et al., 2005), and the intensively managed, zero-
grazed free stall system appears to suffer the highest rates of lameness of all of the 
aforementioned production systems.  
 
Free stall environments potentially expose cattle to adverse environmental conditions important 
to the epidemiology of lameness – the most obvious being the progressively greater exposure of 
the claw to concrete walking surfaces that are often bathed in a soup of liquid manure. An 
understanding of these effects and how to ameliorate them is necessary as countries move toward 
a greater reliance on this type of cattle housing. 
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Mechanisms of Lesion Development 
 
Hoof lesions appear to develop as a result of pathological changes to the internal structure of the 
claw (bone, fat pad and corium) and to the external protective claw horn capsule and skin 
epidermis. 
 
Changes that occur to the internal structure of the claw result from the pressure applied to the 
suspensory apparatus of the pedal bone while weight bearing, which causes displacement of the 
bone within the claw horn capsule and compression and compromise of the sole corium (Lischer 
et al., 2002). Increased pedal bone mobility may result from the systemic changes associated 
with sub-acute ruminal acidosis (Thoefner et al., 2004; Cook et al., 2004), or from hormonal 
changes at calving time that appear to be associated with non-inflammatory changes in the 
connective tissue of the corium that impair the resilience of the feet to external stresses, mediated 
through the activation of certain gelatinoproteases (Webster, 2001; Tarlton et al., 2002; Knott et 
al., 2006). 
 
Hoof lesions may also occur due to factors which weaken the structure of the claw horn capsule 
and the integrity of the epidermis. Horn quality may be compromised from within by inadequate 
supply of macro- and micro-nutrients, such as zinc and biotin (Tomlinson et al., 2004), or by 
exposure to moisture (Borderas et al., 2004; van Amstel et al., 2004). The thickness and integrity 
of the protective horn layer of the sole and heel may be affected by excessively abrasive walking 
and standing surfaces (Shearer et al., 2006), or the action of infectious agents in unhygienic 
environments that compromise the epidermis and heel horn, weakening the structure of the claw 
(Berry, 2006). The role of heel horn erosion in claw horn lesion development is an intriguing 
area of research. Feeding of wet fermented diets appear to increase the prevalence of heel horn 
erosion before calving, due to increased exposure to wet slurry (Leach et al., 2005). Erosion of 
the heel may increase the susceptibility of the foot to claw horn lesion development post-partum 
– providing a link between infectious and claw horn disease. 
 
A discussion of the roles of ‘cow comfort’ in herd lameness dynamics must therefore center on 
how different environmental conditions influence the duration and timing of standing behavior 
and the effect of the type of surface the cow is standing on, on the severity and location of claw 
horn lesions. 
 
Critical Cow Comfort Questions 
 
If we believe that increased time spent standing when the cow would rather be lying down, and 
the nature of the surface that she must stand and walk on are major factors driving differences in 
lameness prevalence at the herd level through effects on both lame and non-lame cows, we must 
find answers to three critical questions:  
 

1. What constitutes a minimum rest period for a dairy cow each day? And what are the 
consequences of failing to achieve this rest? 

2. When the cow isn’t resting, what is the impact of the standing surface she is exposed to?  

 2



3. Do lame cows lie down more or less than non-lame cows? And what effect does this have 
on the duration of lameness? 

 
What constitutes a minimum rest period for a dairy cow each day? 
 
Normal free stall housed, TMR fed dairy cows under thermoneutral conditions spend around 4.5 
h/d feeding, 0.5 h/d drinking, up to 2 h/d standing in the stall and around 2 h/d standing in alleys 
socializing. This leaves 24 – (4.5+0.5+2+2) = 15 hours time available for rest. A growing 
amount of evidence would suggest that 12 h/d should be considered the minimum amount of 
daily rest for a freestall housed mature dairy cow (Jensen et al., 2005; Munksgaard et al., 2005), 
thus any increase in milking time beyond 3 h/d, or any factor which results in an increased time 
standing in excess of what we view as ‘normal’ will compromise the time available for rest. 
Other time budget challenges include overstocking cows relative to stalls, poor stall design and 
problems related to the transition period, inadequate heat abatement and excessive time spent in 
lock-ups. 
 
Time out of the pen was a significant factor for increased lameness prevalence in a recent survey 
of free stall herds (Espejo and Endres, 2007). As herds have expanded, group sizes have 
increased with little attention to the time out of pen of the last cow in the group, which often 
exceeds 1 hour per milking. Parlor throughput is a major limiting factor for increasing herd size 
and we question the logic of moving cows to and from a single milking center once a limit of 
around 1400 cows is reached. The problem is also an issue for large grazing herds which manage 
only one group of cows. Under-sized parlors result in daily milking times which exceed 3 h/d, 
and with early lactation primiparous cows tending to collect at the rear of the holding area, 
elevated standing time may exacerbate transition problems as heifers transfer from a life on 
pasture to commingling with mature cows on hard concrete surfaces at milking time. 
 
In a competitive environment mixed with mature cows, heifers may lie down for as little as 6 
hours per day in free stalls (Singh et al., 1993a). This reduction in stall use and rest after calving, 
coupled with normal behavioral changes which lead to around 3 h/d increase in standing time 
around the point of calving (Huzzey et al., 2005) may explain the severe claw horn lesions often 
observed in trials where heifers are moved abruptly from pasture to freestall housing within a 
few weeks of parturition (Kempson and Logue, 1993; Bergsten and Frank, 1996b), and the 
observed claw health benefits of segregating heifers from mature cows during the immediate 
post-partum period and the use of straw bedded packs up to around 30 days in milk compared to 
free stalls (Blowey, 2005; Webster, 2001). We will make the claim, that similar improvements 
can be seen in free stalls that have been designed correctly. 
 
Overstocking reduces lying times (Friend et al., 1977; Fregonesi et al., 2007) and there is general 
agreement between studies that once stocking rates exceed 1.2 cows per stall, it is difficult for 
groups of cows to average 12 h/d of rest. Overstocking has been linked with an increased risk for 
claw horn lesion development - but only when lying times were extremely short, less than 5h/d 
(Leonard et al., 1996).  
 
Non-lame, high yielding dairy cows in well designed, comfortable well bedded free stalls lie 
down for around 12 h/d (Cook et al., 2004), but stall designs which fail to provide for the 
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movements of lying and rising, adequate resting space, or a cushioned surface will tend to reduce 
lying behavior to less than 10h/d. In one study, free stalls with a concrete surface and a 
restrictive divider design resulted in reduced lying time, increased periods spent perching 
(standing half in and half out of the stall) and an increased rate of clinical lameness in heifers two 
months after calving compared with heifers kept in a stall with greater surface cushion and a less 
restrictive divider design (Leonard et al., 1994). 
 
Once core body temperature reaches approximately 39 oC, mature Holstein cattle seek shade and 
stand rather than lie down (Lee and Hillman, 2007). Between four daily filming sessions that had 
a mean daily average temperature humidity index (THI) of between 56 and 74 in a mattress free 
stall barn fitted with feed bunk soakers and fans, we observed a 3 h/d increase in standing time 
between the coolest session and the hottest session (Cook et al., 2007). These data, together with 
an increased susceptibility to sub acute ruminal acidosis could explain the increase in claw horn 
lesion development observed in the period from September to November in many North 
American dairy herds (Cook, 2004; Cook et al., 2006). 
 
Excessive time spent locked up at the feed bunk may have a detrimental effect on daily time 
budgets. While cows are quite capable of compensating for a 1-2 hour change in routine, if lock 
up is prolonged and in association with other stressors – such as overstocking, then the ability of 
the cow to compensate and ‘catch-up’ on lying time may be exceeded. Cooper et al., (2007) 
showed that when cows were deprived of lying for 2-4 h/d, they only managed to recover 
approximately 40% of the lost lying time by 40 hours after the deprivation. It is perhaps 
unfortunate that the cows we most commonly lock up for long periods are the fresh cows, 
immediately post-partum, at a time when they are most susceptible to changes in total daily 
standing time. 
 
Taken together, the studies described point to the fact that a reduction in lying time – of the order 
of around 3 h/d can have detrimental effects on claw health. The extent of this effect will be 
determined by the nature of the standing surface available between lying bouts. 
 
When the cow isn’t resting, what is the impact of the standing surface she is exposed to?  
 
In free stall environments, while cows are in the pen, they may choose to stand in the alley, or in 
a stall. Excessive time spent perching in stalls has been identified as a significant risk factor for 
interdigital and heel lesions and increased total time standing appears to significantly increase 
the risk for sole lesions and lameness cases (Galindo and Broom, 2000). The significance of stall 
standing behavior has been the subject of several studies, with some workers arguing that cows 
prefer to spend more time standing on a cushioned mattress bedded free stall in preference to 
spending time standing elsewhere (Tucker et al., 2003; Wagner-Storch et al., 2003), which 
suggests that this behavior has a positive effect on cow and claw health. In fact, there is some 
merit to this argument when we consider the impact of the surface on which the cow stands in-
between bouts of lying.  
 
For example, cows at pasture, unencumbered by poor stall designs typically have daily lying 
times of 8.3 to 11.5 h/d (Phillips and Rind, 2001; Tucker et al, 2007), less than the suggested 
minimum of 12 h/d. Grazing cattle spend longer eating than TMR fed free stall managed cows 
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(approximately 8 h/d vs. 4.5 h/d) and may be away from pasture for prolonged periods each day 
when milking, so it is yet to be determined whether they have a lowered requirement for rest than 
free stall cows, or whether the reduced lying time is forced by stresses on the time budget. 
Whatever the reason, the negative consequences of reduced resting time, which would be 
obvious for cows on concrete, may be ameliorated by standing on a dirt surface.  
 
We may use this argument in the free stall barn to suggest that the provision of a cushioned 
surface on which animals may stand – either in the stall, in the free stall alley, or outside the barn 
may have beneficial effects on claw health. Indeed, moving lame cows from concrete to pasture 
appears to improve locomotion score (Hernandez-Mendo et al., 2007). While the study was 
confounded by concomitant changes in diet, the improvements were observed in the absence of 
increased lying time. The pastured cows lay down for only 10.9 h/d compared with 12.3 h/d for 
the housed cattle. 
 
While some dairies operate barns where groups of cows have access to outside dry lots or 
pasture, others have looked for alternative flooring surfaces inside the barn to mimic the 
beneficial effects of dirt flooring. Rubber floors have become commonplace in many free stall 
barns and have been the subject of much interest over recent years. The initial work by Bergsten 
and Frank (1996), which showed that in tie stalls, rubber stall mats significantly reduced sole 
lesions compared to concrete supported the use of rubber in alleys – with good reason. The 
higher coefficient of friction of rubber, and its greater compressibility allows cows to walk with 
longer fewer strides at a faster speed, and slip less compared to walking on concrete (Telezenko 
and Bergsten, 2005; Rushen and de Passille, 2006). As confinement dairies in North America 
have increased in size, the problems of poor track management highlighted in grazing herds 
(Chesterton et al., 1989) have been mimicked as cows walk longer and longer distances on 
concrete transfer lanes to and from the milking center. Thin soles due to excessive claw wear 
have been recognized as a significant issue in these herds (Shearer et al., 2006) and the properties 
of rubber flooring have led to its successful use on transfer lanes to facilitate the movement of 
cows between pens and the milking center. However, when utilized in free stall pens, the benefits 
are less clear. 
 
Vokey et al. (2001) compared a rubber feed bunk alley surface with concrete in association with 
combinations of sand, mattress and concrete free stall surfaces. Although some benefits of rubber 
were observed, there was no significant positive effect on claw health. A California study 
examined the effect of rubber flooring throughout a pen with free stalls bedded with manure 
solids with a similar pen with concrete floors. Cows that were already lame remained lame, but 
there was a five fold greater odds of becoming lame on concrete compared with rubber. This was 
associated with an increased odds of developing heel horn erosion on concrete (Vanegas et al., 
2005). In contrast, a German study comparing concrete slatted floors with rubber floors in a 
mattress free stall barn found a negative effect of rubber on the incidence of sole ulcer and digital 
dermatitis, no effect on heel horn erosion, and no overall improvement in lameness (Kremer et 
al., 2007). 
 
Many of the studies examining the impact of flooring on lameness demonstrate an interesting 
interaction between the flooring and lying surface. The reason for this may come from an 
understanding of the impact of rubber pen flooring on time budgets. In studies conducted with 
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mattress free stall housing, the addition of rubber flooring resulted in increased time spent 
standing on the rubber alley floor, less time lying in the stalls and an increased likelihood of alley 
lying – changes which are more likely to be detrimental to hoof health and which reflect an 
aversion to lying in the stalls (Fregonesi et al., 2004; Tucker et al., 2006). It is notable that the 
study showing the most benefits to rubber flooring in terms of claw health used deep loose 
bedded stalls, rather than mattress stalls (Vanegas et al., 2005). We are therefore cautious to 
recommend rubber alley flooring in new free stall installations. We will use rubber in transfer 
lanes, holding areas and parlors, where the benefits are obvious and proven, but prefer to 
improve the grooving and traction of concrete in free stall pens in lieu of the use of rubber in this 
area. We have had several clinical experiences where rubber alley flooring in association with 
mattress stalls has altered the type of lesion observed (reduced white line disease, but increased 
sole ulceration), but failed to improve lameness overall.  
 
We believe that the answer to the question of how the nature of the surface on which cows stand 
between bouts of lying impacts herd lameness can only be answered when the behavior of cows’ 
that are already lame is understood. 
 
Do lame cows lie down more or less than non-lame cows? 
 
The concept that increased time spent standing on a cushioned mattress surface is beneficial to 
cow and claw health is challenged by the finding that an increased prevalence of lameness is 
observed in herds using stalls with a rubber crumb filled mattress surface compared with herds 
using sand bedded stalls (Cook, 2003; Cook et al., 2004; Espejo et al., 2006). Cows on rubber 
crumb filled mattress stalls stand in the stall for around 3.5 h/d, compared to cows on sand that 
stand in the stall for less than 2 h/d (Cook et al., 2004). The apparent paradox is explained by an 
understanding of lame cow behavior. 
 
Surprisingly few studies have accurately documented the behavior of lame cows. Juarez et al. 
(2003) suggested that lame cows lay down more. However, this study only recorded the 
proportion of the group lying down between the morning and afternoon milking and did not 
report actual time budgets. Singh et al. (1993b) and Hassall et al. (1993) used the Manson and 
Leaver (1988) locomotion scoring system to group cows as lame (score ≥ 3) and non-lame (score 
< 3) and compared behavioral differences between these two groups in free stall housing and at 
pasture respectively. Lame cows laid down for longer than non-lame cows in stalls and at 
pasture, but the difference was only significant at pasture. Unfortunately, these studies failed to 
consider the effects of slight lameness in the ‘non-lame’ group, which may have confused the 
overall findings. We have documented behavioral changes in only slightly lame cows and this 
group should not be analyzed with the non-lame group. 
 
In our work comparing the behavior of lame and non-lame cows on mattress and sand bedded 
free stalls, the non-lame cows behave similarly on both types of surface and, in three times a day 
milked herds, lie down for approximately 12 h/d and stand in the stall for approximately 2 h/d. 
While lame cows in sand stalls behave similarly, lame cows on mattresses do not 
 
The dominant behavior change observed on firm mattresses is an increase in stall standing time 
from 2 h/d to around 4 h/d in slightly lame cows and to 6 h/d in moderately lame cows (with 
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noticeable weight transfer from the affected limb). This increase in the duration of standing bouts 
during a stall use session leads to a significant reduction in stall use sessions from 8.5 to 4.6 per 
day (Cook et al., 2004). As a consequence, lying time is reduced to around 10 h/d (Figure 1).We 
have only tracked the behavior of one severely lame cow in a mattress stall and she lay down for 
only 4.2 h/d and stood in the stall for 7.5 h/d. 
 
Figure 1. Daily time budgets for time lying down in stall (TDIS), time standing up in stall 
(TUIS), time up in alley (TUIA), time up feeding (TUF) and time up milking (TUM) in 73 
normal (locomotion score 1), 37 slightly lame (locomotion score 2), and 10 moderately lame 
(locomotion score 3) cows in 6 MAT and 6 SAND herds (from Cook et al., 2004) 
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It is clear that when cows lie down for less time in association with increased stall standing 
behavior, a surface preference is not being exercised. Instead, we believe that this is a result of 
difficulties rising and lying down in the stall. We have proposed that behavioral responses of the 
cow to pain associated with lameness in the rear feet (Russell et al., 1982; Whay et al., 1998) 
make it difficult for cows to rise and lie down on a flat unyielding surface. We believe that sand, 
because of its ability to supply cushion and traction, allows cows (especially lame cows) to 
perform the process of rising and lying down more easily, without fear of slipping. We propose 
that the fear of slipping and pain associated with rising and lying on a mattress surface for a lame 
cow are the main reasons for extended bouts of standing in the stall during a stall use session. 
Note the small point of contact between the claw and the surface during the normal rising motion 
of the cow, compared with the cushion and traction provided by sand (Figure 2). Our recent work 

 7



confirms that it is the nature of the stall surface and not other aspects of stall design that is the 
key to improved stall use behavior by lame cows (Marin et al., 2007). 
 
Figure 2. Compare the interaction of the claw with the stall surface at the point that the weight 
bearing rear foot loads as the cow rises in the stall for a mat or mattress surface, compared with 
deep sand. Sand provides cushion and traction compared to the small surface area of contact with 
a mattress, making it easier for lame cows to rise in the stall. 
 

 
 
Whether or not the stall standing behavior involves standing with all four feet up on the stall 
platform, or standing with the rear feet in the alley and the front feet in the stall (perching) is 
perhaps immaterial – both behaviors represent loading modifications to the claw at a time when 
the cow would rather be lying down. We suggest that this loading of the claw may have a 
deleterious effect on lameness recovery and this difference, at least in part, may explain the 
average 42% lower prevalence of lameness observed in sand compared with mattress free stall 
barns (Cook, 2003; Espejo et al, 2006). Evidence that sand promotes lesion healing has recently 
been presented in a comparison of claw health between cows managed on sand bedding and 
cows managed on straw bedded free stalls. After 21 weeks, number and lesion score was 
significantly more reduced in cows on sand (Norring et al., 2008). Interestingly, these workers 
were puzzled by the results – because they found that cows lay down longer on straw then on 
sand. However, they failed to identify lying times in lame compared with non-lame cows - where 
we have found the most profound differences in behavior. That said, other benefits of sand, such 
as increased traction in the alleys cannot be over-looked. 
 
Conclusions 
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In this discussion, we have tried to find answers to the key questions that relate cow comfort to 
lameness. Firstly, we have made the case that the milking dairy cow needs to rest for around 12 
h/d, and when this rest is compromised – through poor stall design, overstocking, heat stress, via 
challenges to the time budget such as increased time spent milking or in lock-ups, there is 
evidence to suggest that there is a negative impact on hoof health. Secondly, the extent of the 
impact of reduced rest on hoof health is determined by the nature and properties of the flooring 
surface that the cow is exposed to between bouts of rest. It would appear that the structural 
damage caused by increased time spent weight bearing, may be ameliorated by standing on a soft 
giving surface – such as pasture or a deep loose bedded straw or sawdust pack. While rubber 
surfaces have some advantages in terms of reducing wear and trauma to the claw surface in 
transfer lanes, they may have negative effects on claw health when cows must choose between 
standing on rubber in an alley rather than using an uncomfortable stall for rest. Thirdly, the 
understanding that lame cows behave differently to non-lame cows, even when they are only 
slightly lame is paramount. Sand bedding allows lame cows to rest and recuperate while 
maintaining lying times above the required threshold, by providing cushion and support and 
traction. 
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