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Behaviour of lame cows: a review
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ABSTRACT: Claw horn disorders, infectious diseases of hooves and leg injuries cause lameness in dairy cows.
However, such diseases as sole haemorrhages, sole ulcers or white line diseases, cause clinical lameness. Lameness reduces milk production, the fertility of cows and also causes earlier culling of cows, as well resultings in a
deterioration of their welfare. In this review we focus on the impact of lameness on bovine behaviour. The time
spent lying down is an important behaviour of dairy cows. As an increased locomotion score is associated with an
increased percentage of cows lying down, also the position of cows within the milking parlour is associated with
lameness. Lame cows are more likely to present toward the end of milking. Clinical lameness is a chronic stressor,
reducing progesterone concentrations prior to oestrus, and resulting in reduced sexual behaviour; however, lame
cows have the same potential period of oestrus when compared with non-lame cows. Hoof diseases, particularly
those which are a source of pain, also reduce animal welfare. A high standard of cow welfare may be achieved
by improving the lives of animals and the people who work with them. A lack of comfort while lying presents a
significant risk for lameness. Improvements in comfort on more than 75% of farms (32 out of a total number of
53 farms) reduced the incidence of mastitis, while on 42 farms it reduced the prevalence of lameness. The keeping
of cows on the straw bed of stalls does not only improve animal welfare, mainly through the greater comfort of
the floor, but has also been showed to increase eating and ruminating behaviour. Cows also prefer straw to sand
bedding and lay down longer on straw than on sand; however, cleanliness and hoof health have been shown to be
better on sand. Apart from comfort, the main factors which promote improvements in bovine welfare and health,
include good management of dairy farms, keeping cows in free stalls with accompanying regular exercise, and
a long time spent at pasture. The prevalence of clinical lameness was demonstrated to be higher on farms using
mattresses when compared with farms using deep-bedded stalls. No differences were found in behaviour among
cows with different degrees of lameness housed in mattress stalls. Hence, measures of laying behaviour are not
good indicators of lameness.
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1. Introduction

are significant differences between farms in the
incidence of lameness and such factors such as
concrete flooring, a lack of grazing and uncomfortable stalls contribute to the occurrence of
lameness (Cook and Nordlund, 2009). Lameness

Claw horn disorders (disruptions of the horn),
infectious diseases such as digital dermatitis, and
leg injuries, cause lameness in dairy cows. There
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in cows considerably deteriorates their welfare and is
defined as a deviation in gait resulting from pain or
discomfort from hoof or leg injuries (prevalence of
up to 55%; Clarkson et al., 1996). Lameness reduces
milk production and fertility in cows, as well as causing premature culling (Enting et al., 1997; Dobson
and Smithy, 2000; Warnick et al., 2001; Green et al.,
2002; Hernandez et al., 2005). This reduction in the
productivity of cows constitutes a serious economic
problem (Enting et al., 1997). It is difficult for producers to identify cows in the early stages of lameness (Whay et al., 2003), and producers identify only
one in every four cases of hoof injuries or diseases in
dairy cows. Many evaluation systems of locomotion
in cows lack elements which measure the specific
changes that occur in the gait of cows becoming lame
(Sprecher et al., 1997; Channon et al., 2009; Tadich
et al., 2010). In the development of good gait scoring
systems we face a lack of good scientific descriptions
of gait in healthy cows (von Keyserlingk et al., 2009).
Better scoring systems concerning the gait of cows
can be derived from computer-assisted kinematic
techniques, which would precisely register changes
in the gait of cows with different types of hoof injuries (Flower et al., 2005). Some scoring systems of
bovine gait take into account several specific gait
features such as asymmetric steps and tracking up;
however, they are not identified as occurring when
cows develop hoof lesions (von Keyserlingk et al.,
2009). Only these scoring systems will make possible
the early identification of cows with sole ulcers and
allow the reduction of pain with the administration
of local anaesthetics (Flower and Weary, 2009). The
problem associated with early lameness detection
may partly stem from the fact that average herd size
is increasing and producers are pressed for time to
spend with their animals. In the future identification
of hoof lesions, such as changes in gait, time standing
and lying or walking time, automated measures may
be most suitable (Pastell and Kujala, 2007; Borderas
et al., 2008; Weary et al., 2009; Tadich et al., 2010).
The aim of this paper is to review the literature on
the impact of lameness on the behaviour of cows,
particularly the social and individual behaviour of
lame cows, and the assessment of bovine welfare.

2. Impact of lameness on the behaviour of cows
Causes of lameness include infectious diseases,
such as digital dermatitis and foot rot, or claw horn
lesions, such as ulcers, haemorrhages and white line
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disease. In the literature, only a few studies have
accurately documented the behaviour of lame cows
(Cook and Nordlund, 2009).

2.1. Lameness detection
Many of the lameness scoring systems use a
5-point ordinal scale (Sprecher et al., 1997; Wincler
and Willen, 2001; Flower and Weary, 2006) and
many of the scoring systems are modifications of
previous systems (Haskell et al., 2006; Rajkondawar
et al., 2006; Flower and Weary, 2009). Rajkondawar
et al. (2002) developed a walk-through system for
lameness detection by measuring the ground reaction forces, while Tasch and Rajkondawar (2004)
further developed the SoftSeparator algorithm to
separate measurements of a group of cows that
walked through the system. Rajkondawar et al.
(2006) also further developed models to identify
lame cows. Pastell and Kujala (2007) used a fourbalance system for automatic lameness detection,
where each of the legs is weighed when a cow is in
a milking robot. The data showed that the weight
distribution between limbs changes when a cow
becomes lame. The model was able to detect all
leg problems using the validation data, with only
1.1% of false alarms given. This system can be
used as a tool for lameness identification in herds
milked with an automatic milking system (AMS),
as well as for following disease development and
the effect of treatment on pain and healing. In a
subsequent study Pastell et al. (2008) introduced
a new system to automatically detect leg problems
in cows. The system consists of a mat made of an
electromechanical film, which can detect only dynamic forces. The advantage of this system stems
from the fact that its use is not limited to the
milking robot, but can be set up in any corridor
along which the cows walk. Pastell and Madsen
(2008) suggested CUSUM charts for automatically
detecting lameness in a milking robot based on the
measurements. CUSUM charts are based on the
statistical theory for sequential tests. Automated
methods for detecting lameness and measuring
analgesia in dairy cows were used by Chapinal et
al. (2010). The measures of weight shifting between legs while cows are standing, their lying
behaviour and walking speed show great potential as automated methods of detecting lameness
and evaluating lameness therapies. Ketoprofen
reduced the effect of lameness on weight shift-
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ing, but did not have any influence on other behavioural characteristics of lameness.

2.2. Time spent lying down
Lying down is an important behaviour of dairy
cows. Such factors as the type of housing, the bedding, oestrus and lactation, can affect the time spent
lying down by cows (Wechsler et al., 2000; Regula
et al., 2004; Norring et al., 2008). The time spend
lying down has a significant effect on the occurrence of sole ulcers (Singh et al., 1994). Lame cows
spent more time lying and less time standing and
walking during oestrus (Walker et al., 2008b). In
one study, on average cows during the three periods
of observation spent 13.6 hours in the straw yard
and lay down for 9.7 hours. The time spent standing
was 6.1 hours and in feeding 5.4 hours, respectively.
Straw yards are better than some cubicles in terms
of encouraging cows to lie down and in providing a
soft and dry surface for standing, and straw yards
may be helpful in the prevention of lameness (Singh
et al., 1994). An increased locomotion score was associated with an increased percentage of cows lying
down (Juarez et al., 2003). Lame cows lay down for
longer, grazed for a shorter time, had a lower bite
rate and lay down for a greater proportion of the
time they spent ruminating (Hassall et al., 1993;
Walker et al., 2008b). The high lying times, long
bouts of lying, and variability in the duration of lying bouts were associated with lameness (Ito et al.,
2010). The stall surface influenced the behavioural
responses of lame cows.

2.3. Time spent standing
In dairy cows a reduction was observed in the
lying time of 3 h/day across the range (from 63.6
to 72.5) of the temperature-humidity index (THI)
during the summer. The behavioural change was
additionally associated with changes in the locomotion score of cows that typically occur over the late
summer months. The development of claw horn
lesions in this period may be associated with an
increase in total standing time per day (Cook et
al., 2007). Cows diagnosed with lesions such as sole
haemorrhages and sole ulcers, when compared with
cows without lesions in mid lactation, spend more
time standing during the two weeks before calving.
Standing cows are perched with their two front feet

Review Article
in the lying stall. In this period cows with lesions ate
faster than cows without lesions. During the first
24 hours after calving cows with lesions consumed
more feed and ate more frequent meals than cows
without lesions. Changes in the behaviour of cows
can be an early indicator of sole haemorrhages and
sole ulcers that become visible several weeks after
calving (Proudfoot et al., 2010).

2.4. Behavioural changes in the milking
parlour
It was demonstrated that lame cows entered the
parlour later and were more restless when in the
parlour when compared with non-lame cows. An
increased locomotion score was associated with
an increase in the return time of cows from the
milking parlour (Juarez et al., 2003). Similarly, poor
stall designs with obstructions were associated with
behavioural changes in the transition period, heat
stress and prolonged milking times (Cook and
Nordlund, 2009). Such behaviours of cows result
in a decrease of milk yield or weight loss (Hassall
et al., 1993). The position of a cow within the milking order was also associated with lameness. Lame
cows are more likely to present toward the end of
milking (Main et al., 2010).

2.5. Oestrus intensity in lame cows
The effect of lameness on ovarian postpartum
activity is controversial. Some studies have shown
that clinical lameness postpones by up to 18 days
the beginning of ovarian cyclicity and by 24 days
the onset to oestrus when compared to non-lame
cows (Garbarino et al., 2004; Petersson et al., 2006).
Similar effects were observed in cases of subclinical
lameness (Walker et al., 2008a). Lameness in dairy
cows has also been associated with a higher risk of
ovarian cysts due to a delay or inhibition of the LH
surge (Hamilton et al., 1995; Melendez et al., 2003;
Morris et al., 2009). However, recently it has been
shown that in lame cows the dominant follicle grew
at the same rate, to the same maximum diameter
and ovulated at the same time as in healthy cows
(Morris et al., 2009).
Lameness is classically associated with a reduction in oestrus intensity in dairy cows (Collick et al.,
1989; Walker et al., 2008b). A chronic stressor, such
as clinical lameness, contributes to a reduction in
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progesterone concentrations prior to oestrus, accompanied by a reduction in sexual behaviour
(Walker et al., 2008a). The reduction in oestrus
may be caused by physical limitations of lameness
itself, inducing a reduced frequency of primary and
secondary oestrus behaviours. Using a weighted
scoring system to quantify oestrus behaviour it has
been determined that lameness can induce an overall reduction of approximately 37% in oestrus intensity (Walker et al., 2010). It is very interesting that
subclinical claw disorders have no influence on the
intensity of oestrus (Gomez and de Boer, 2003). The
overall duration of oestrus was non-significantly
shorter in crossbred lame cows (Holstein Friesian
and local cattle kept under the loose housing system in tropical India) than in non-lame cows (17.2
vs. 18.7 h); however, a considerable proportion of
lame cows (29.7%) had a shorter oestrus duration
(from 8.5 to13 h) than normal cows. Altered oestrus
behaviour can be caused by a mild degree of lameness (Sood and Nanda, 2006). Stress is associated
with lameness in dairy cows, causes a reduction in
the period in which cows are mounted, but do not
stand, as well as reduces oestrus intensity through
low progesterone concentrations prior to oestrus.
Lame cows have the same potential oestrus time
as non-lame cows (Walker et al., 2010).

2.6. The environment as an important
component in lesion development
Cow gait has been scored using a 1 to 5 numerical
rating system (NRS), where 1 = perfect gait and 5 =
severely lame). NRS is based on the seven specific
gait attributes, which were described by Flower and
Weary (2009). Multiparous cows with sole ulcers
scored higher than cows without sole ulcers (3.3 vs.
2.8). Cows with sole ulcers did not walk more slowly
than cows without sole ulcers (1.4 m/s); however,
they spent more time lying down (827.8 vs. 738.2
min/day; Chapinal et al., 2009). According to those
authors, NRS appeared to be a more consistent predictor of sole ulcers when compared with specific
gait attributes and compared with the time spent
lying down or walking speed. Behavioural differences between cows with and without hoof lesions
in their early lactation suggest that the challenge
of early lactation has an effect over and above that
of the physical stressors associated with housing;
however, the increased prevalence of hoof lesions
in heifers in the pregnancy period indicates that the
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environment is an important component in lesion
development (Chaplin et al., 2000).

3. Social and individual behaviour of lame
cows
For each cow the time spent in non-interactive
behaviours was calculated using behavioural indices as a proportion of time including the number
of observations of a given behaviour divided by the
total number of scan samplings. The index for every
cow ranged from zero to one (Galindo and Broom,
2000). Cows with an index above 0.6 were considered high-ranking animals, between 0.4 and 0.6 were
considered as middle-ranking cows, and those with
an index below 0.4 were classified as low-ranking
cows. The mean lying time, lying out of the cubicle,
feeding time, time standing still, and time standing
half in the cubicles were compared between ranking groups of cows. The mean lying time, as well
as the mean time lying out of the cubicles, for the
low-ranking cows was significantly shorter when
compared with time spent lying and lying out of
the cubicles for cows classified in the middle- and
high-ranking groups. However, the mean time spent
standing still for the low-ranking cows was longer
than for cows in the two other groups. No significant differences were found between the social rank
of cows and the occurrence of lameness; however,
when using pair-wise comparisons the high-ranking
cows showed a significantly lower rate of lameness
during the housing period than low-ranking cows. In
another study by the same authors it was suggested
that lameness in cows influences their social and
individual behaviour (Galindo and Broom, 2002).
Lameness is a behaviour associated with pain, which
cows experience on slippery floors. For this reason
the prevention of lameness should be a high priority,
similarly to the improvement in management systems, in order to improve the welfare of lame cows.
No differences were found in the mean time spent
standing between the groups of low-, middle- and
high-ranking cows (Galindo et al., 2000). However,
when comparing the mean time spent standing still
and standing half in the cubicles, differences were
found between the groups. Cows with a lower index
spent a longer time standing still, and also a longer
time standing half in the cubicles, than cows from
the other groups. A prolonged standing time could
be a behaviour predisposing to sole and soft tissue
lesions.
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The mean time standing, standing still in passageways, and standing half in the cubicles during
the observation period (from October 1st to April
2nd of the next year) were compared between lame
and non-lame cows. No differences were found between the groups of cows in terms of the mean time
standing and mean time standing still. However,
clinically lame cows spent a longer time standing
half in their cubicles. When comparing the index
of displacements between the groups of cows a significantly lower index of displacements was found
in lame cows than in non-lame cows.
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account of discomfort in lying. In each herd special
attention was given to rising behaviour. The third
part analysed the records of treatment and medicine use. The opinion of experts was consistent in
the fact that intervention is essential to improve the
welfare of cows. They all agreed that the most serious
problems were lameness, hock injuries and injuries
caused by the environment. Finally, more than 75%
of farms (32 of the 53 farms) had a reduced incidence
of mastitis and on at least 42 farms the prevalence
of lameness was reduced.

4. Assessment of bovine welfare

5. A relationship between comfort of stalls,
behaviour and occurrence of lameness

Many studies investigating animal welfare pay
insufficient attention to disease as a welfare problem. The health of animals is an important part of
their welfare (Broom and Corke, 2002; O’Callaghan,
2002; Whay et al., 2003; Weary et al., 2006), and for
this reason several studies search for relationships
between welfare and health and between different
diseases and stress (Fregonesi and Leaver, 2001;
Cook et al., 2007; von Keyserlingk et al., 2009).
Diseases of animals, particularly those, which are
the source of pain, as a rule cause a deterioration
in welfare (Hassall et al., 1993; Whay et al., 1997;
O’Callaghan, 2002; Weary et al., 2009). The best
solution to achieve high standards of animal welfare
is to improve the lives of cattle and the people who
work with them. Apart from that, these solutions
need to address several issues, such as lack of pasture access or whether or not cows are exposed to
heat stress (von Keyserlingk et al., 2009).
The welfare of cows was assessed in England in
many herds and on a large number of cows in consultation with international experts on the welfare
of cattle (Whay et al., 2003). Fifty-three dairy farms
were visited once during the winter of 2000/01. The
protocol of this assessment consisted of three parts.
The first part collated information on the herd during the previous 12 months. These data concerned
production (average milk yield and conception rate
to first service), disease incidence (mastitis, lameness, milk fever and other diseases) and sudden
death or slaughter out of necessity. The second part
started with observations of undisturbed behaviour,
indicating the number of cows not engaged in any
activities (idling). An increased rate of idling behaviour was used by Chaplin et al. (2000) as an indicator
of a reluctance to lie down in cubicles, probably on

Lying comfort is a factor, which influences lameness in dairy cows to a considerable degree. A lack
of comfort while lying is a good predictor of lameness risk, and is of great help in the identification
of risk factors found on dairy farms (Dippel et al.,
2009). Preparing bed for cows with the straw from
stalls provides multiple benefits, such as improved
welfare, mainly through the greater comfort of the
floor. The keeping of cows under such conditions
has been shown to increase eating and ruminating behaviour. Straw also reduces oral stereotypies by reducing feeding motivation (Fregonesi and
Leaver, 2001; Tuyttens, 2005). Cows were shown to
prefer straw to sand bedding and lay down longer
on straw; however, cleanliness and hoof health
were better on sand, suggesting an improvement
in overall welfare. Calculated coefficients of correlation between the time of lying and the health
of hooves were difficult to interpret (Norring et al.,
2008). Keeping dairy cows in loose-housing systems
connected with regular exercise outdoors was associated with better health and welfare of cows.
Regular exercise was also beneficial for cows kept
in tie stalls in terms of the occurrence of lameness
and teat injuries. Good management in dairy farms
is also an important factor influencing the health
and welfare of dairy cows (Regula et al., 2004). Also
the period on pasture of cows provides multiple
benefits; even a relatively short time at pasture improved hoof health of cows (Hernandez-Mendo et
al., 2007). Lame cows, at the end of a four-week
period at pasture had an average numerical rating system (NRS) close to two, but those in free
stalls scored more than three ( a score of three
or more indicates clinical lameness). In a study by
Ito et al. (2010) the lameness of cows was scored
585
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also according to this system and data were analyzed from farms applying deep-bedded stalls (DB;
n = 11 farms and 526 cows) as well as farms using mattresses (MAT; n = 17 farms and 793 cows).
Lameness was dichotomized twice: LAME (NRS
≥ 3) and SEVLAME (NRS = 4). The prevalence of
SEVLAME was higher on farms using MAT stalls
when compared with farms using DB stalls. The
SEVLAME cows housed in DB stalls spent more
time lying down compared with cows that were
not SEVLAME. Differences in behaviour were not
revealed among cows with different degrees of
lameness housed in MAT stalls. Measures of lying
behaviour are not a good indicator for lameness.
Similarly, no relationship was found between the
cow comfort index (CCI) and the stall use index
(SUI), hence, the daily lying time, the number of
lying bouts, or the duration of individual bouts cannot be recommended as methods for assessing this
behaviour (Ito et al., 2009). Improving free stalls by
fitting the stalls with mattresses did not improve
the stall use behaviour of lame cows. However, such
improved stalls led to longer standing times in stalls
being recorded for non-lame cows (of 12 h/day)
(Cook et al., 2008). The behaviour of cows kept on
the soft lying mats and on the straw bedding was
similar; however, the lying of cows on soft mats,
when compared with straw bedding, did not promote hoof health (Wechsler et al., 2000).
In conclusion, the lameness of cows is associated
with their behaviour, particularly with a longer time
spend lying down and a shorter time spent grazing,
while lame cows have a lower bite rate and lay down
for the greater proportion of the time they spend
ruminating. However, lame cows were shown to
spend more time standing during the two weeks
before calving. An increased locomotion score was
associated with an increased percentage of cows lying down and with an increase in the return time of
cows from the milking parlour. Lame cows showed
reduced oestrus intensity due to low progesterone
concentrations; however, lame cows have the same
potential period of oestrus time as non-lame cows.
In the assessment of the welfare of cows kept in
straw yards it was found that straw gives multiple
benefits such as a greater comfort of the floor, and
increased eating and ruminating behaviour, better performance and health. Also, regular exercise
and pasture were demonstrated to be beneficial
for cows kept in free stalls and tie stalls in terms of
the occurrence of lameness and teat injuries. One
should add that good management in dairy farms
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is an important factor influencing the health and
welfare of dairy cows.

References
Borderas TF, Fournier AR, Rushen JP, de Passille AMB
(2008): Effect of lameness on dairy cows’ visits to automating milking systems. Canadian Journal of Animal
Science 88, 1–8.
Broom DM, Corke MJ (2002): Effects of disease on farm
animal welfare. Acta Veterinaria Brno 71, 133–136.
Channon AJ, Walker AM, Pfau T, Sheldon IM, Wilson
AM (2009): Variability of Manson and Leaver locomotion scores assigned to dairy cows by different observers. Veterinary Record 164, 388–392.
Chapinal N, de Passille AM, Weary DM, von Keyserlingk
MAG, Rushen J (2009): Using gait score, walking
speed, and lying behavior to detect hoof lesions in
dairy cows. Journal of Dairy Science 92, 4365–4374.
Chapinal N, de Passille AM, Rushen J, Wagner S (2010):
Automated methods for detecting lameness and measuring analgesia in dairy cattle. Journal of Dairy Science
93, 2007–2013.
Chaplin SJ, Ternent HE, Offer JE, Logue DN, Knight CH
(2000): A comparison of hoof lesions and behaviour
in pregnant and early lactation heifers at housing. Veterinary Journal 159, 147–153.
Clarkson MJ, Downham DY, Faull WB, Hughes JW, Manson FJ, Merritt JB, Murray RD, Rusell WB, Sutherst
JE, Ward WR (1996): Incidence and prevalence of
lameness in dairy cattle. Veterinary Record 138, 563–
567.
Collick DW, Ward WR, Dobson H (1989): Associations
between types of lameness and fertility. Veterinary
Record 125, 103–106.
Cook NB, Nordlund KV (2009): The influence of the environment on dairy cow behavior, claw health and herd
lameness dynamics. Veterinary Journal 179, 360–369.
Cook NB, Mentink RL, Bennett TB, Burgi K (2007): The
effect of heat stress and lameness on time budgets of
lactating dairy cows. Journal of Dairy Science 90,
1674–1682.
Cook NB, Marin MJ, Mentink RL, Bennett TB, Schaefer
MJ (2008): Comfort zone-design free stalls: do they
influence the stall use behavior of lame cows? Journal
of Dairy Science 91, 4673–4678.
Dippel S, Dolezal M, Brenninkmeyer C, Brinkmann J,
March S, Knierim U, Wincler C (2009): Risk factors
for lameness in freestall-housed dairy cows across two
breeds, farming systems, and countries. Journal of
Dairy Science 92, 5476–5486.

Veterinarni Medicina, 56, 2011 (12): 581–588
Dobson H, Smithy RF (2000): What is stress, and how
does it affect reproduction? Animal Reproduction Science 60–61, 743–752.
Enting H, Kooij D, Dijkhuizen AA, Huirne RBM, Noordhuizen-Stassen EN (1997): Economic losses due to
clinical lameness in dairy cattle. Livestock Production
Science 49, 259–267.
Flower FC, Weary DM (2006): Effect of hoof pathologies
on subjective assessments of dairy cow gait. Journal
of Dairy Science 89, 139–146.
Flower FC, Weary DM (2009): Gait assessment in dairy
catlle. Animal 3, 87–95.
Flower FC, Sanderson DJ, Weary DM (2005): Hoof
pathologies influence kinematic measures of dairy cow
gait. Journal of Dairy Science 88, 3166–3173.
Fregonesi JA, Leaver JD (2001): Behaviour, performance
and health indicators of welfare for dairy cows housed
in straw yard or cubicle systems. Livestock Production
Science 68, 205–216.
Galindo F, Broom DM (2000): The relationships between
social behaviour of dairy cows and the occurrence of
lameness in three herds. Research in Veterinary Science 69, 75–79.
Galindo F, Broom DM (2002): The effects of lameness
on social and individual behavior of dairy cows. Journal of Applied Animal Welfare Science 5, 193–201.
Galindo F, Broom DM, Jackson PGG (2000): A note on
possible link between behaviour and the occurrence
of lameness in dairy cows. Applied Animal Behaviour
Science 67, 335–341.
Garbarino EJ, Hernandez JA, Shearer JK, Risco CA,
Thatcher WW (2004): Effect of lameness on ovarian
activity in postpartum Holstein cows. Journal of Dairy
Science 87, 4123–4131.
Gomez F, de Boer H (2003): Relationship between mild
lameness and expression of oestrus in dairy cattle.
Veterinary Record 152, 403–404.
Green LE, Hedges VJ, Schukken YH (2002): The impact
of clinical lameness on the milk yield of dairy cows.
Journal of Dairy Science 85, 2250–2256.
Hamilton SA, Garverick HA, Keisler DH, Xu ZZ, Loos
K, Youngquist RS, Salfen BE (1995): Characterization
of ovarian follicular cysts and associated endocrine
profiles in dairy cow. Biology of Reproduction 53,
890–898.
Haskell MJ, Rennie LJ, Bowell VA, Bell MJ, Lawrence AB
(2006): Housing system, milk production, and zerograzing effects on lameness and leg injury in dairy
cows. Journal of Dairy Science 89, 4259–4266.
Hassall SA, Ward WR, Murray RD (1993): Effects of
lameness on the behaviour of cows during the summer.
Veterinary Record 132, 578–580.

Review Article
Hernandez JA, Garbarino EJ, Shearer JK, Risco CA,
Thatcher WW (2005): Comparison of milk yield in
dairy cows with different degrees of lameness. Journal
of the American Veterinary Medical Association 227,
1292–1296.
Hernandez-Mendo O, von Keyserlingk MAG, Veira DM,
Weary DM (2007): Effects of pasture on lameness in
dairy cows. Journal of Dairy Science 90, 1209–1214.
Ito K, Weary DM, von Keyserlingk MAG (2009): Lying
behavior: assessing within- and between-herd variation in free-stall-housed dairy cows. Journal of Dairy
Science 92, 4412–4420.
Ito K, von Keyserlingk MAG, LeBlanc SJ, Weary DM
(2010): Lying behavior as an indicator of lameness in
dairy cows. Journal of Dairy Science 93, 3553–3560.
Juarez ST, Robinson PH, DePeters EJ, Price EO (2003):
Impact of lameness on behavior and productivity of
lactating Holstein cows. Applied Animal Behaviour
Science 83, 1–14.
Main DCJ, Barker ZE, Leach KA, Bell NJ, Whay HR,
Browne WJ (2010): Sampling strategies for monitoring
lameness in dairy cattle. Journal of Dairy Science 93,
1970–1978.
Melendez P, Bartolome J, Archbald LF, Donvan A (2003):
The association between lameness, ovarian cysts and
fertility in lactating dairy cows. Theriogenology 59,
927–937.
Morris MJ, Walker SL, Jones DN, Routly JE, Smith RF,
Dobson H (2009): Influence of somatic cell count,
body condition and lameness on follicular growth
and ovulation in dairy cows. Theriogenology 71,
801–806.
Norring M, Manninen E, de Passille AM, Rushen J,
Munksgaard L, Saloniemi H (2008): Effects of sand
and straw bedding on the lying behavior, cleanliness,
and hoof and hock injuries of dairy cows. Journal of
Dairy Science 91, 570–576.
O’Callaghan K (2002): Lameness and associated pain in
cattle – challenging traditional perceptions. Practice
24, 212–218.
Pastell ME, Kujala M (2007): A probabilistic neural network model for lameness detection. Journal of Dairy
Science 90, 2283–2292.
Pastell M, Madsen H (2008): Application of CUSUM
charts to detect lameness in a milking robot. Expert
Systems with Applications 35, 2032–2040.
Pastell M, Kujala M, Aisla AM, Hautala M, Poikalainen
V, Praks J, Veermae I, Ahokas J (2008): Detecting cow’s
lameness using force sensors. Computers and Electronics in Agriculture 64, 34–38.
Petersson KJ, Strandberg E, Gustafsson H, Berglund B
(2006): Environmental effects on progesterone profile

587

Review Article
measures of dairy cow fertility. Animal Reproduction
Science 91, 201–214.
Proudfoot KL, Weary DM, von Keyserlingk MAG (2010):
Behavior during transition differs for cows diagnosed
with claw horn lesions in mid lactation. Journal of
Dairy Science 93, 3970–3978.
Rajkondawar PG, Tasch U, Lefcourt AM, Erez B, Dyer
RM, Varner MA (2002): A system for identifying lameness in dairy cattle. Applied Engineering in Agroculture 18, 87–96.
Rajkondawar PG, Liu M, Dyer RM, Neerchal NK, Tasch
U, Lefcourt AM, Erez B, Varner MA (2006): Comparison of models to identify lame cows based on gait
and lesion scores, and limb movement variables. Journal of Dairy Science 89, 4267–4275.
Regula G, Danuser J, Spycher B, Wechsler B (2004): Health
and welfare of dairy cows in different husbandry systems in Switzerland. Preventive Veterinary Medicine
66, 247–264.
Singh SS, Ward WR, Hughes JW, Lautenbach K, Murray
RD (1994): Behaviour of dairy cows in straw yard in relation to lameness. Veterinary Record 135, 251–253.
Sood P, Nanda AS (2006): Effect of lameness on estrous behavior in crossbred cows. Theriogenology 66, 1375–1380.
Sprecher DJ, Hostetler DE, Kaneene JB (1997): A lameness
scoring system that uses posture and gait to predict
dairy cattle reproductive performance. Theriogenology
47, 1179–1187.
Tadich N, Flor E, Green L (2010): Associations between
hoof lesions and locomotion score in 1098 unsound
dairy cows. Veterinary Journal 184, 60–65.
Tasch U, Rajkondawar PG (2004): The development of SoftSeparatorTM for a lameness diagnostic system. Computers and Electronics in Agriculture 44, 239–245.
Tuyttens FAM (2005): The importance of straw for pig
and cattle welfare: a review. Applied Animal Behaviour
Science 92, 261–282.
von Keyserlingk MAG, Rushen J, de Passille AM, Weary
DM (2009): Invited review: The welfare of dairy cattle
– key concepts and the role of science. Journal of Dairy
Science 92, 4101–4111.

Veterinarni Medicina, 56, 2011 (12): 581–588
Walker SL, Smith RF, Jones DN, Routly JE, Dobson H
(2008a): Chronic stress, hormone profiles and estrus
intensity in dairy cattle. Hormones and Behavior 53,
493–501.
Walker SL, Smith RF, Routly JE, Jones DN, Morris MJ,
Dobson H (2008b): Lameness, activity time-budgets
and estrus expression in dairy cattle. Journal of Dairy
Science 91, 4552–4559.
Walker SL, Smith RF, Jones DN, Routly JE, Morris MJ,
Dobson H (2010): The effect of a chronic stressor,
lameness, on detailed sexual behaviour and hormonal
profiles in milk and plasma of dairy cattle. Reproduction in Domestic Animals 45, 109–117.
Warnick LD, Janssen D, Guard CL., Grohn YT (2001):
The effect of lameness on milk production in dairy
cows. Journal of Dairy Science 84, 1988–1997.
Weary DM, Niel L, Flower FC, Fraser D (2006): Identifying and preventing pain in animals. Applied Animal
Behaviour Science 100, 64–76.
Weary DM, Huzzey JM, von Keyserlingk MAG (2009):
Board-invited review: using behavior to predict and
identify ill health in animals. Journal of Animal Science
87, 770–777.
Wechsler B, Schaub J, Friedli K, Hauser R (2000): Behaviour and leg injuries in dairy cows kept in cubicle
systems with straw bedding or soft lying mats. Applied
Animal Behaviour Science 69, 189–197.
Whay HR, Waterman AE, Webster AJF (1997): Association between locomotion, claw lesions and nociceptive
threshold in dairy heifers during the peri-partum period. Veterinary Journal 154, 155–161.
Whay HR, Main DCJ, Green LE, Webster AJF (2003): Assessment of the welfare of dairy cattle using animal-based
measurements: direct observations and investigation of
farm records. Veterinary Record 153, 197–202.
Wincler C, Willen S (2001): The reliability and repeatability of lameness scoring system for use as an indicator of
welfare in dairy cattle. Acta Agriculturae Scandinavica,
Section A – Animal Science, Suppl. 30, 103–107.
Received: 2011–01–27
Accepted after corrections: 2011–12–11

Corresponding Author:
Jan Olechnowicz, Poznan University of Life Sciences, Faculty of Animal Breeding and Biology,
Department of Veterinary Medicine, Wojska Polskiego 52, 60-625 Poznan, Poland
Tel. +48 61 848 7564, Fax +48 61 848 7562, E-mail: olejanko@up.poznan.pl

588

