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Abstract 

Cattle lameness is the biggest disease problem facing dairy farmers in the United Kingdom at 
this time. Current figures show that over 50 per cent of dairy cattle become clinically lame 
each year. In addition to the loss of productivity associated with lameness the question of 
whether the animals welfare is compromised through pain and suffering associated with 
lameness needs to be addressed. Also how relief from such suffering can be approached using 
the resources available to the modem dairy farmer and veterinary surgeon. 

Many diseases of the claws and lower limbs of cattle with differing aetiology and pathogenesis 
are brought together under the heading of lower limb lameness. Fifteen different lesions are 
commonly seen with many more occurring sporadically. The lameness ranges from acute to 
chronically persistent often with similar lesions seen in repeated lactations. During an episode 
of lameness the cow is frequently expected to continue to compete for nutrition and lying space 
within the herd environment and, during the summer months, to walk long distances to and 
from pasture. This is a management approach which is likely to decrease the welfare and 
increase the suffering of a lame dairy cow. 

The aim of the study was to evaluate the changes in behaviour of dairy cattle which are 
associated with lameness by locomotion and lameness scoring, the observation of spontaneous 
behaviours and changes in demeanour. To then relate these changes to parameters such as 
nociceptive threshold, lesion type and claw pathology, endocrine response and changes in 
weight bearing. Also, to study the effects of analgesics on these behaviours and objective 
parameters. In so doing to build up a picture of the animal's perception of the pain associated 
with lameness. 

The results showed that parturition represented a period of high risk for the appearance of claw 
lesions and the onset of lameness in dairy heifers. Clinical lameness in lactating dairy cows 
was associated with a decrease in mechanical nociceptive thresholds indicating the presence of 
hyperalgesia in these animals. The hyperalgesia persisted in cattle with chronic claw diseases 
up to 28 days after the lesion was treated and behavioural signs of lameness were no longer 
present but was not later detected in those individuals with acute digital tissue infections. The 
administration of a Non-Steroidal Anti-inflammatory Drug with analgesic properties to cattle 
with a hind limb lameness resulted in a significant modulation in the level of hyperalgesia over 
a 28 day period. This modulation was not observed in lame cattle who were given a control 
treatment of Sterile Saline in association with a programme of conventional treatment. Postural 
changes associated with lameness were ameliorated through a conventional treatment 
programme while the demeanour of the lame animals was seen to improve when offered 
analgesia concurrently with treatment. 

In summary, chronically lame cattle were found to be in a persistent hyperalgesic state 
indicative of pain. Further evidence of suffering was provided by behavioural observation and 
the evidence of some, but not total, relief from pain through the administration of analgesia. It 
could therefore be concluded that there is pain associated with lameness which is likely to cause 
the animal suffering. In the future a more integrated approach to the treatment, management 
and analgesia of lame cattle is required to provide relief from this suffering. 
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Chapter 1 

1.1 GENERAL INTRODUCTION 

1.1.1 The high yielding dairy cow of today 

The move towards intensive systems of dairy production began in 1933 when the Milk 

Marketing Board was formed after the Agriculture Bill, which contained proposals for a 

voluntary dairy co-operative, was passed by the House of Lords (Federation of Milk 

Marketing Boards, 1993). The Milk Marketing Board provided a price stability for the 

industry which allowed dairy producers to plan ahead and invest in milk production 

without the risk of unexpected fluctuations in the milk price. During the 1930s and the 

1940s considerable progress was made in improving the distribution of milk around the 

UK. The Second World War was an important time for dairy production because milk, 

along with wheat and potatoes, was made a priority food due to its high nutritional 

value. This meant that dairy cattle were given access to scarce animal feeds, 

consequently their productivity did not suffer as severely under the Feeding Stuffs 

Rationing Scheme as did beef, sheep and pig enterprises (Soper, 1983). The philosophy 

of high productivity continued into the 1960s and 70s and as technology caught up with 

the expectations of farmers an increasing trend towards fewer but larger enterprises 

developed, not least in the dairy industry (Leaver, 1988). Soper (1983) gave a striking 

illustration of the changes which technological advances had produced within the dairy 

industry when reporting that whereas in 1939 one man was on average milking ten 

cows, often by hand, the average number in 1983 was between 80 -120 cows. The 

change within the basic structure of the dairy industry is illustrated in Table 1.1. This 

shows that up until the 1980s the number of milk producers steadily declined while the 

herd size increased and the dairy cow population has remained reasonably constant. 
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Table 1.1 U.K Herd Structure 1965 - 1993 

Year 

1965 

1975 

1985 

1992 

UK milk 
producers 

124688 

76827 

48827 

38400 

Dairy cows 
(millions) 

3.186 

3.242 

3.133 

2.680 

(Federation of Milk Marketing Boards, 1993) 

Average No. of 
cows per herd 

26 

42 

64 

67 

Chapter 1 

Not only has the structure of the dairy industry changed so that by 1985 over one third 

of herds comprised over 100 milking cows, but the cows themselves have been 

developed to achieve higher average milk yields and a greater emphasis placed on milk 

quality. In 1974-5 the average milk yield per cow per lactation was 4,050 litres. By 

1992-3 this had risen by over 1000 litres to 5,175 litres per cow. There are many 

different dairy breeds contributing to milk production within the United Kingdom some 

of which are shown in Table 1.2. This demonstrates the considerable yield and quality 

differences between breeds because of differences in their genetic potential and 

management however, all have shown an increase in output between 1985 and 1992. 
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Table 1.2 Production figures for major breeds in recorded herds in England and Wales 

1984-85 to 1991-92. 

305 day Milk Yield (kg) Butterfat (g / kg) Milk Protein (g / kg) 
Breed 

1984-85 1991-92 1984-85 1991-92 1984-85 1991-92 

Ayrshire 5026 5553 39.6 40.1 33.4 33.3 

British Friesian 5556 6140 38.7 39.9 32.2 32.5 

British Holstein 6214 6825 38.4 39.6 31.7 32.0 

Dairy Shorthorn 4996 5327 36.9 38.3 32.7 32.9 

Guernsey 4005 4369 46.7 48.0 35.5 35.7 

Jersey 3835 4262 52.7 55.0 38.0 38.3 

(Federation of Milk Marketing Boards, 1986 ; 1993) 

The milk yield potential of cows has been increased through genetic selection. The use 

of progeny tested bulls and artificial insemination has increased the rate of genetic 

change with particular emphasis being put on production related traits (Leaver, 1988). 

This quite dramatic increase in the milk yield of dairy cows has been a cause for 

concern. Webster (1995) suggested that cows are being 'worn out' through the 

demands of milk production. Currently, most dairy farmers aim to produce one calf per 

year so achieving a subsequent 10 months of lactation annually. It has been suggested 

that problems with the high production demands experienced by dairy cattle appear to 

manifest themselves in the reasons for culling from the herd. Premature culling has 

been recognised as an industry wide problem. The average productive life of a dairy 

cow is now three to four lactations (Young et al., 1983). Although for many years it 
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has been a widely used management practise to cull 25 per cent of the herd annually. In 

a survey of 50 Friesian / Holstein dairy herds in England, over a three year period from 

1990 - 92, Esslemont & Kossaibati (1997) reported an average annual culling rate of 

23.8 per cent. Of this, 22. per cent were sold of which over half were culled by the end 

of their fourth lactation and 1.8 per cent died. The most important primary reason for 

culling was poor fertility which accounted for 36.5 per cent of those animals sold. 

Management policy resulted in 11.5 per cent of sales while mastitis following closely at 

10.1 per cent of sales. Bovine spongiform encephalopathy was the reason given for 7.4 

per cent of animals leaving the herd, and fmally 5.6 per cent were disposed of due to 

lameness. Not only are reasons for culling an indicator of underlying problems within 

the herd but the incidence of production related diseases amongst the lactating cattle 

have also been found to be high. Clarkson et at. (1996) reported a 54.6 per cent annual 

average incidence of lameness and Esslemont & Kossaibati (1996) reported 33.2 cases 

of mastitis per 100 cows. 

Webster (1995) discusses the apparent dichotomy of dairy production where the 

intrinsic monetary value of a dairy cow makes her a valuable individual. However, in 

order to realise that value, the cow is often worked to the limits of her potential 

productivity. The production of milk by dairy cattle is a high physiological priority 

(Laben et aI., 1992). It is known that during the early stages of lactation the intake of 

metabolizable energy by dairy cows is usually insufficient to meet their energy 

requirements for maintenance and their potential for milk production. As a result dairy 

cows often rapidly lose weight through catabolism of body tissues in an attempt to meet 

this energy shortfall (Gibb et at., 1992; Senatore et at., 1996). 

4 



Chapter 1 

Although lameness is not listed as a major reason for the involuntary culling of dairy 

cattle Greenough et al. (1997) argue that many cases of culling due to infertility or poor 

milk yield may mask the fact that lameness was the original cause of the animal's 

decline. An association between lameness and reduced fertility, with increased calving 

to conception intervals and a decreased conception rates was reported by Lucey et al. 

(1986). Lame cows have also been shown to be more susceptible to other diseases such 

as mastitis (Peeler et al., 1994). An important question when relating lameness to 

modem dairy production is whether, in some way, the problem of lameness in dairy 

cattle is getting worse. Greenough et al. (1997) conclude that "the incidence of 

lameness is probably increasing". The incidence of lameness in dairy cattle is discussed 

in some detail in Section 1.2.2. What is apparent is that from the fIrst estimates of 

lameness incidence reported in the 1960s by Leech et al. (1960), when a 3.88 per cent 

incidence was recorded. The figure rose through 25 per cent when Whitaker et al. 

(1983) took into consideration lame animals examined by either the veterinary surgeon 

or the farmer Finally to the most recent survey already quoted as 54.6 new cases per 

hundred cows (Clarkson et al., 1996). However, methods of recording and perceptions 

of lameness have also changed over time making it difficult to draw comparisons 

between these studies. In 1994 the British Veterinary Association published a report by 

the Animal Welfare Foundation in their annual review which identified lameness in 

farm animals as an area of particular concern. This was supported by members of the 

British Cattle Veterinary Association who considered lameness in dairy cattle as the 

highest priority for further research (Jones, 1997). 

Erb (1987) conducted a literature survey to address the question "does high milk 

production put a cow at increased risk of disease?". The survey found evidence that the 
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risk of developing milk fever, left displaced abomasum and mastitis were higher in high 

yielding cows, unfortunately the survey did not address the question of lameness. Other 

changes in management associated with increasing herd size and rapid genetic change 

may also be considered as risk factors for disease in dairy cattle, including lameness. 

Little & Kay (1979) found that heifers managed on a rapid rearing and early calving 

programme were subject to a high incidence of laminitis. The laminitis which occurred 

was acute and the authors speculated the cause was the high carbohydrate content of the 

diet used for the rapid rearing of the heifers. The introduction of the Holstein Friesian 

to take over from the British Friesian has meant that cattle are now considerably taller 

and longer that they were, even 20 years ago. In a survey of cubicles on 37 farms Faull 

et al. (1996) found that 87 per cent of cubicles were too small for the cattle using them. 

This has been identified as a major risk factor for cattle lameness. 

In 1964 Albright found that the reduction in the number of staff working on dairy farms 

did not compromise activities such as the milking and clearing away of slurry but time 

dedicated to activities such as calf care and feeding and cow veterinary and breeding 

management seemed unduly low. Tables 1.1 and 1.2 illustrate that dairy herds now 

consist of greater numbers of cows, achieving higher levels of productivity however, 

the number of farm employees have declined (MAFF et al., 1995). This means that the 

time available for the care of individual animals has reduced at a time when the 

animals' need for attention has become greater. 
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1.1.2 The welfare of dairy cattle 

1.1.2.1 Concepts and definitions of animal welfare 

Two dog-owners met one day to walk their dogs together. One owner had grown up in 

a small family that valued health, safety, and orderly, disciplined behaviour. The dog 

of this owner received regular veterinary care, two meals a day of low-fat dog food, and 

was walked on a leash. The other owner had grown up in a large community that 

valued conviviality, sharing of resources and close contact with the natural world. This 

dog (the owner's third - the first two had been killed by cars) had burrs in its coat, 

was fed generously but sporadically, and had never worn a collar in its life. Each 

owner, judging quality of life from very different viewpoints, felt sorry for the other's 

dog. 

Fraser et al. (1997) 

This allegory highlights how people use different criteria to judge what they consider to 

constitute a good life for an animal, how an animal should be treated and who should 

have such responsibility. What is not in dispute is that man has dominion over animals 

(Webster, 1995). This has put a responsibility of care onto humans which has resulted 

in the concept of animal welfare however, even defIning the term 'animal welfare', 

what it means and how it is measured, has been a source of much debate not least 

because of the strong ethical component involved in the 'responsibility of care'. Fraser 

et al. (1997) took the concern over the welfare of animals as referring to protecting 

their quality of life because that in itself is important, rather than just offering 

protection and care to animals because doing so offers some environmental or genetic 

benefIt to humanity. 
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The Brambell report was published as a result of an enquiry into the welfare of animals 

kept under intensive livestock husbandry systems (Rogers-Brambell, 1965). In the 

report Brambell described welfare as "a wide term that embraces both the physical and 

mental well-being of the animal". In the same report Brambell introduced a temporal 

component to considerations of animal welfare by saying "We ... must pay special 

attention to the possible cumulative effect on the animal of the long continuance of 

conditions which might be tolerable or even acceptable, in the short term". However, 

this view has not been accepted by all workers, Duncan & Petherick (1991) considered 

welfare to be determined solely by what the animal feels at that time. The importance 

of regard for the long term consequences of the animals current state was reiterated by 

Webster (1995) when criticising the defmition of welfare proposed by Fraser & Broom 

(1990) who wrote "Welfare defmes the state of an animal as it attempts to cope with its 

environment". Webster (1995) proposed an alternative defmition which took a more 

long term view - "The welfare of an animal is determined by its capacity to avoid 

suffering and sustain fitness". Carpenter (1980) contended that, as long as the animal 

was managed in such a way that it was able to adapt to its designated environment 

without suffering, its well-being would be assured. This refers to environments which 

require behaviours such as huddling or thermal panting in order to achieve homeostasis. 

This view was taken to something of an extreme by Kiley-Worthington (1989) who 

wrote " ... in order to avoid suffering, it is necessary over a period of time for the animal 

to perform all the behaviours in its repertoire because it is all functional". Hughes & 

Duncan (1988) refuted this view and argued that environments which bring out these 

behaviours are likely to increase suffering. As such, performance of the full 

behavioural repertoire was not considered by them to be a useful guide to animal 

welfare. 
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The Brambell report (Rogers-Brambell, 1965) laid the foundations of the five freedoms 

updated and put forward by the Farm Animal Welfare Council (1993). 

1) Freedom from thirst, hunger and malnutrition 

- by ready access to fresh water and a diet to maintain full health and vigour 

2) Freedom from discomfort 

- by providing an appropriate environment including shelter and a comfortable resting 

area 

3) Freedom from pain, injury and disease 

- by prevention or rapid diagnosis and treatment 

4) Freedom to express normal behaviour 

- by providing sufficient space, proper facilities and company of the animal's own 

kind 

5) Freedom from fear and distress 

- by ensuring conditions and treatment which avoid mental suffering 

Fraser et al. (1997) categorised concerns about animal welfare into three groups. 

Firstly the concern that an animal should be kept in an environment which allowed it to 

live 'according to its nature'. As an example Fraser et al. (1997) cited Astrid Lindgren 

who succeeded in achieving the enactment of the 1988 law protecting farm animals in 

Sweden. Lindgren believed that allowing animals to live outdoors would promote their 

happiness. The second concern was that of the affective experiences of animals, which 

refers to the freedom from suffering due to pain, fear and hunger. Finally what Fraser 

et al. (1997) called 'functioning - based' concerns which put special emphasis on health 

and the normal functioning of the animals' biological systems. The five freedoms 

include provision for the concerns categorised by Fraser et al. (1997). 
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In addition to the five freedoms the Farm Animal Welfare Council have introduced the 

five responsibilities directed towards the care of livestock (Farm Animal Welfare 

Council, 1993) 

1) Caring and responsible planning and management 

2) Skilled, knowledgeable and conscientious stockman ship 

3) Appropriate environmental design 

4) Considerate handling and transport 

5) Humane slaughter 

These responsibilities build on what the five freedoms suggest animals are entitled to 

and place the responsibility for their provision frrmly with those individuals who have 

responsibility of care for the animals. Webster (1995) stated that an advantage of the 

five freedoms is that they provide a structure for the evaluation of the welfare of an 

animal in various environments. The five responsibilities go on to relate the freedoms 

to areas of the management systems to which the animals are subject. 

1.1.2.2 The measurement of welfare 

The application of science to the measurement of animal welfare has been an attempt to 

provide some objectivity to ethical, political and often emotional decisions made on 

behalf of animals' welfare. Mason & Mendl (1993) discuss some of the problems of 

applying science to the measurement of welfare They suggest that there are three main 

problems experienced by scientists. Firstly there are different measures of the same 

issue which do not always indicate similar results (co-vary). Secondly the significance 

of some measures may be difficult to interpret. Thirdly the repeatability of some 
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studies may be in doubt because the preCIse conditions or the characteristics of 

individual animals differ. Mason & Mendl go on to discuss the types of problems with 

measures of welfare which can result in such a confusing picture. Factors such as the 

type of aversive stimulus, the animal's psychological state which will influence how it 

perceives an unpleasant stimulus and how it reacts to it, and the duration and timing of 

an aversive stimulus. In addition, factors such as the species of the subjects and 

differences in age and sex may affect the results of the measurements being recorded. 

Mason & Mendl take exposure to aversive stimuli as the point from which 

measurements are made probably because, as Broom & Johnson (1993) point out, poor 

welfare is associated with more obvious behavioural, physiological and pathological 

signs than good welfare. The highlighting of these problems does not mean that science 

has no useful role in the assessment of welfare It provides evidence from which 

inferences may be drawn (Mason & Mendl, 1993). 

Broom & Johnson (1993) suggested that the choice of measures used for the assessment 

of welfare should be different depending on whether the problem is of a short duration 

or is prolonged, and categorised the available measures accordingly. They divided 

short term responses into two sub-sections: behavioural and physiological measures. 

Long term responses to poor welfare were also sub-divided into: reduced reproductive 

success, shortened life expectancy, weight loss, changes in cardiovascular and blood 

parameters, stimulation of the adrenal axis, alteration in immune system function, 

increased disease incidence, endogenous opioid release, modification of normal 

behaviours and consequences of frustration, lack of environmental control and a surplus 

or deficit of stimulation. 
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Short term responses 

Behavioural measures 

Initial behavioural responses to a potentially averSIve stimulus are usually geared 

towards some mechanism of defence. This is initiated by a change in the animals' 

orientation to allow it to locate and evaluate the source of the stimulus (Sokolov, 1960). 

The animal will have stopped any activities it was engaged in, such as eating or 

ruminating, and will be observed to be prepared for flight, or fight, either of which may 

then be initiated. If the stimulus is of an environmental nature such as extremes of heat 

or cold, then behaviours aimed at homeostatic control may be observed, such as panting 

or huddling. As Mason & Mendl (1993) observed, there may be pronounced 

differences between the responses of individuals to a stimulus. This has been widely 

recognised in laboratory animals (Archer, 1973; Gilad & Shiller, 1989). Von Borell & 

Ladewig (1992) found they were able to characterize the behavioural differences 

between individual pigs by comparing such differences with levels of adrenocortical 

function. 

Broom and Johnson (1993) also suggested that behavioural indicators of pain made a 

useful short term measure. Pain should not be considered as only being an acute or 

transient experience (Carlsson, 1983; Fordyce et al., 1984). Behavioural measures of 

pain are discussed in more detail in section 1.3.3. Certainly in some species an acutely 

painful stimulus can elicit a very pronounced behavioural response. The type of 

responses seen, such as changes in posture brought about by abdominal or limb pain, 

licking of painful regions or indicators of local discomfort are described by a number of 
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workers (Morton & Griffiths, 1985; Duncan & Molony, 1986; Spinelli & Markowitz, 

1987). 

Physiological measures 

A number of the measurable physiological responses are again associated with the fight, 

fright, flight responses. Measurable changes in heart rate, ventilation rate, body 

temperature and adrenal function are all commonly observed. Stephens & Rader (1982) 

and Woltersdorf and Lyhs (1988) advocated the measurement of heart rate to assess the 

activity of the autonomic nervous system. Baldock et al. (1988) were able to establish a 

base line level for heart rate in sheep, taking into consideration factors such as lying, 

standing and ruminating. From this baseline they were then able to report large changes 

in heart rate response to the approach of a dog, introduction to a new flock and to social 

isolation (Baldock & Sibly, 1990). Duncan (1986) measured differences in the heart 

rate of broiler chickens when caught with an automatic broiler harvester compared to 

manual catching of the birds. The automatic harvester resulted in more transient 

episodes of tachycardia. Although cardiovascular changes are considered to be short 

term, prolonged increases in arterial blood pressure have been recorded in animals 

subjected to chronic stressors (Herd et al., 1969; Lamprecht et al., 1973; Gamallo et al., 

1986). 

Changes in cumulative levels of various hormones have been used as indicators of 

stress. Rightly or wrongly these measures of stress have frequently been used 

interchangeably with measurements of welfare. Manser (1992) defmed stress thus - "A 

state of stress occurs when an animal encounters adverse physiological or emotional 
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conditions which cause a disturbance of its nonnal physiological and mental 

equilibrium". In this definition Manser takes the adverse stimulus, physiological or 

psychological, to be the 'stressor', while 'stress' describes the response or the state of 

the animal. Products of the hypothalamic-pituitary-adrenal axis (lIP A axis) found in 

the blood have been frequently used as short tenn response indicators. The lIP A axis 

was originally defmed by Selye in 1950 (cited in Broom & Johnson, 1993) as the 

General Adaptation Syndrome. This fitted with Selye's argument that the fIrst response 

of an animal to a stressor, physical or psychological, would always be alarm, which was 

only then followed by adaptation. It is during the fIrst response phase, that of alarm, 

when increased levels of secretions such as cortisol, catecholamines, 

adrenocorticotropic honnone (ACTH) and ~ -endorphin are released. These substances 

can be measured in plasma and, in some cases, saliva and urine and have been found 

useful in identifying and quantifying the alarm caused by acute stressors (Fell et aI., 

1985; Novak & Drewson, 1989). 

The hypothalamic-pituitary-adrenal axis 

The lIP A axis mediates the endocrine response, not only to stress but also to a wide 

range of emotional arousals such as courtship, sexual activity and the arrival of food 

(Manser, 1992). Activation of the HP A axis begins with the release of Corticotrophin 

Releasing Factor (CRF) which is produced in the parvocellular cells of the 

paraventricular nucleus (PVN) of the hypothalamus. The hypothalamus is stimulated 

by neurotransmitters in the limbic system, activated by the central nervous system once 

a source of arousal has been perceived. The CRF is released into the hypophyseal 

portal venous plexus which carries it to the anterior pituitary, here it induces both the 
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secretion of ACTH and the transcription of pro-opiomelanocortin (POMC) mRNA 

(Levin et al., 1989). The POMC is subsequently cleaved into ACTH, ~-endorphin and 

a-melanocyte-stimulating hormone (Roberts & Herbert, 1977; Black, 1994). Although 

CRF is the most important regulator of ACTH, it has been suggested that other 

compounds may also be involved (Axelrod & Reisine, 1984; Levin et al., 1989). In the 

rat, arginine-vasopressin is synthesised by the parvocellullar cells of the PVN along 

with CRF. Rivier & Vale (1983) found that CRF and arginine-vasopressin acted 

synergistically in vivo to stimulate the release of ACTH. Most farm animals, with the 

exception of pigs, also utilise arginine-vasopressin for the regulation of ACTH 

secretion. 

Once released from the anterior pituitary, ACTH binds to high affInity receptors in the 

adrenal cortex to stimulate secretion of glucocorticoids into the peripheral circulation. It 

has always been considered that cortisol is released only in response to ACTH 

stimulation however, recent evidence suggests that the adrenal cortex is innervated by 

sympathetic nerve fIbres. Edwards & Jones (1993) found that, in the calf, stimulation 

of the splanchnic nerve enhanced cortisol release. In cattle the main glucocorticoid 

produced is cortisol, as it is in most farm species, while laboratory rodents produce 

corticosterone. Glucocorticoids result in an increased state of catabolic activity and the 

suppression of non-essential processes (Baxter & Rousseau, 1979). Once released into 

the blood some of the cortisol becomes bound to corticosteroid-binding globulin which 

is an a-globulin, while some remains unbound. Yanovski & Cutler (1994) proposed 

that it is only the free form which is physiologically active. 
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There is a negative feedback loop associated with the pituitary-adrenal stress response 

so that high levels of circulating glucocorticoids inhibit further release of ACTH. This 

leads to a reduction of hormones released from the adrenal cortex and has brought into 

question the value of glucocorticoid levels as a measure of chronic stress. Although the 

HP A axis has been demonstrated to be stimulated by many different acute stressors 

(Armario et al., 1986), it reaches maximum stimulation relatively quickly, making 

glucocorticoid levels unsuitable for comparing the responses to different stressors 

(Harbuz & Lightman, 1992). In addition, if a stressor is maintained or repeated over 

long periods of time, there is evidence that the HP A axis becomes habituated to it 

resulting in a reduced response to the continued presence of the stressor. Pollard et al. 

(1979) used an unpredictable stress regime to stimulate rats over a 60 day period. The 

rats were signalled before the stimulus was begun and for the fust five days 

corticosterone levels were significantly increased however levels gradually fell to 

establish a new lower level by day 40 and these remained constant through to day 60. It 

has been reported that during exposure to chronic stressors, animals' responses to a 

different acute stressors may be enhanced. An example of this is a study carried out by 

Sakellaris and Vernikos-Danellis (1975) who subjected rats to a variety of chronic 

stressors such as confmement, caging and exposure to cold. The plasma corticosterone 

levels of the rats initially increased but then returned to pre-stress levels despite 

continued exposure to the stressor. During the period of adaptation to the chronic 

stressor an acute stressor was applied to the rats; either one minute of exposure to ether, 

a saline injection or release from confmement. The rats responded to these acute 

stressors with a faster increase in plasma corticosterone levels than control animals. 

16 



Chapter 1 

The autonomic nervous system 

The autonomic nervous system is responsible for controlling visceral function and 

maintaining the homeostatic equilibrium of the internal environment (Robertshaw & 

Tietz, 1984; Shields, 1993). Frequently the parasympathetic and the sympathetic 

systems innervate the same target organs but the effects of the former are often opposed 

by the latter. Rather simplistically, it has been suggested that maintenance of 

homeostasis is a balance between these two opposing systems. Loewy (1990) described 

the central control of autonomic function as being organised at two levels of 

complexity. At the fIrst, simpler, level the pathways are organised to produce reflex 

adjustments of target organs by means of relatively uncomplicated neural circuits. At a 

higher level the pathways connect to higher centres in the brain and are capable of 

producing widespread autonomic, endocrine and behavioural responses. In general, 

within the sympathetic system, the cell bodies of the preganglionic neurones are located 

in the intermediolateral grey column of the thoracolumbar spinal cord (Shields, 1993). 

The axons leave via the ventral roots and enter the sympathetic trunk which runs in the 

thoracolumbar area. Each preganglionic neurone typically forms synapses with many 

postganglionic neurones so resulting in widespread effects due to sympathetic activation 

(Shields, 1993). The parasympathetic system consists of autonomic neurones which 

arise from some of the cranial nerves and the intermediolateral grey column of the 

sacral spinal cord. A detailed description of this arrangement is given by Pincus & 

Magitsky (1989). The axons of the preganglionic neurones synapse with postganglionic 

neurones near the visceral structures being supplied. As a result peripheral 

communication between parasympathetic fibres is prevented so that stimulation of the 
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parasympathetic nervous system is relatively localised compared with the sympathetic 

system. 

The preganglionic neurones of the sympathetic and parasympathetic systems and 

postganglionic neurones of the parasympathetic nervous system use acetylcholine as a 

neurotransmitter while the postganglionic neurones of the sympathetic nervous system 

mostly utilise noradrenaline (Shields, 1993). Depletion of noradrenaline in parts of the 

brain or increases in neurotransmitter metabolites have been used as measures of 

response to novel, threatening and alarming environmental stimuli. Broom et ale (1986) 

found in domestic hens that some hypothalamic noradrenaline depletion occurred in 

response to the handling and transport associated with the removal of the hens from 

their cages and their delivery to the slaughterhouse. 

The sympathetic nervous system and the adrenal medulla, which secretes directly into 

the circulatory system, are immediately activated when an arousing stimulus is 

perceived. This leads to the release of catecholamines, noradrenaline and adrenaline. 

Noradrenaline is released from sympathetic nerve endings and in part the adrenal 

medulla, while adrenaline is produced exclusively by the adrenal medulla. Dopamine, is 

also released in very small quantities by the adrenal medulla but its production is 

considered to be only minimally affected by stress (Popper et al., 1977). 

Catecholamine release is the precursor of the fright, fight, flight response and prepares 

the animal for increased locomotor activity (Manser, 1992). There has been some 

suggestion of a differential effect of stress on the production of adrenaline and 

noradrenaline. Frankenhaeuser (1975) reported that in humans it is the levels of 

adrenaline which are more likely to be affected by emotional stress than those of 
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noradrenaline. Conversely, Goldstein (1987) (cited by Manser, 1992) suggested that 

stimuli which result in activity but without associated distress cause an increase in 

noradrenaline secretion. As a result of this differentiation between the release of 

adrenaline and noradrenaline Liang et al. (1979) proposed that stress may result in 

proportional changes of the two catecholamines in plasma. 

Experimental application of endocrine responses 

Shaw & Tume (1990) and Tume & Shaw (1992) carried out a number of studies 

looking at baseline levels of cortisol and J3-endorphin in cattle. They also looked at 

changes in their concentrations when measured in groups of cattle at slaughter (the 

studies are described in Chapter 4.4). What is of particular interest is that no 

differences were found in the mean levels of plasma J3-endorphin between groups 

subject to different slaughter environments. The plasma cortisol concentrations, 

however, showed an elevation which was highly significantly different between groups. 

This is interesting because, once activated, it would be reasonable to expect the cascade 

of the HP A axis to cause elevations in both cortisol and J3-endorphin. It may be that 13-

endorphin has a short half-life so was not present in the plasma for a sufficient length of 

time to allow detection. Or, possibly, the ACTH receptors in the adrenal cortex had 

become upregulated resulting in a greater secretion of glucocorticoids. 

In a study of the effects of castration on behaviour and plasma cortisol concentrations in 

young lambs and calves, Mellor et al. (1991) noted an increase in plasma cortisol levels 

of the castrated animals which correspond with the behavioural measures used to assess 

the intensity of distress. Parrot et al. (1988) applied handling, restraint and isolation 
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stressors to a group of eight castrated rams and measured plasma concentrations of 

cortisol, oxytocin, vasopressin and prolactin. The cortisol concentrations were elevated 

when the stressors were applied. While the oxytocin concentrations remained steady 

and the vasopressin appeared to show a negative correlation with cortisol 

concentrations. Finally, plasma prolactin levels decreased during handling and restraint 

but remained unaltered after isolation. Prolactin is a gonadotrophic hormone released 

from the anterior pituitary and has a rOle associated with lactation. Although there is no 

single specific releasing factor for prolactin, plasma levels have been found to increase 

in response to stress. Ley et al., (1991) measured the concentrations of cortisol, 

prolactin and vasopressin in the plasma of chronically lame sheep. Prolactin 

concentrations were elevated while concentrations of cortisol were depressed and 

vasopressin showed no consistent changes associated with chronic lameness. Ley and 

co-workers suggested that cortisol, prolactin and vasopressin may be a useful index in 

the assessment of animals experiencing chronic pain, when taken in conjunction with 

other measurements. 

In a study of the relationship between plasma catecholamines and the severity of injury 

in man, Davies et al. (1984) found that immediately after injury both noradrenaline and 

adrenaline were positively correlated with the injury severity score. Davies et al. 

suggested that the response, at least in part, might be associated with psychological 

rather than physical factors, since during the following 24 hour period the relationship 

between plasma catecholamine levels and injury severity was not maintained. It had 

been proposed that catecholamine levels may have some prognostic value but a 

retrospective study of the results of those individuals who died as a result of their 

injuries found this not to be the case. 
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Enzymes and metabolic products 

Broom & Johnson (1993) discussed the use of enzymes and metabolic products as short 

term measures of welfare. In general measures of plasma enzyme activity are more 

suited as long term indicators of welfare however, renin produced in the kidney and 

involved in the regulation of water balance and blood pressure has rapidly changing 

levels which make it a suitable short term measure. Paris et al. (1987) found elevations 

in plasma renin activity in rats subjected to immobilization, foot-shock or immersion in 

cold water. A further enzyme measure associated with muscle damage or exposure to 

disturbing conditions in pigs is lactate dehydrogenase (LDH). An isoenzyme of LDH; 

LDH5, has been associated with a high incidence of pale, soft, exudative meat in 

slaughtered pigs. Similar increases in LDH5 levels have been reported in cattle after 

transport (Mormede et a/., 1982). 

Plasma glucose levels increase after the secretion of adrenal medullary and cortical 

hormones but this is not necessarily a stable measure as this substance can be changed 

by vigorous physical activity. Quirce & Maickel (1981) recorded initial increases in 

plasma glucose levels measured in mice after either immobilization or exposure to low 

ambient temperatures, followed by a decrease in plasma glucose to below baseline 

levels. A similar glucose pattern was found by Kent & Ewbank (1986) in calves during 

transport. In a study of sheep transported over a 24 hour period Knowles et al. (1995) 

reported increases in plasma cortisol and glucose levels up to about nine hours into the 

journey. Knowles et al. concluded that the increases in plasma glucose were likely to 

be the result of catecholamine stimulated glycogenolysis. Broom and Johnson (1993) 

suggested that as an indicator of welfare, plasma glucose levels were only likely to be 
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of value if repeated samples were collected, which clearly carries the risk of stimulating 

further adrenal activity. 

Long term responses 

Production measures 

These measures are applicable to farm animals and include such factors as reduced 

reproductive success, life expectancy and changes in weight or rates of weight gain. 

Reproductive success is a very gross measure of welfare as reproduction is a high 

priority for animals however, conditions such as starvation or a poor living 

environment can delay or inhibit reproduction. An example of this is the failure of 

some species to breed when kept in a zoo. In dairy cattle the fertility performance of 

individuals is very closely monitored and is required to fall within specified parameters. 

Lindsay (1985) observed that in farm animals a failure or delay in reproducing is 

usually a consequence of an inadequate diet or is associated with some behavioural 

abnormality. Esslemont & Peeler (1993) reported that endometritis, lameness and 

mastitis were the main reasons for reduced reproductive success in dairy cattle. In a 

study of 770 dairy cows Lucey et al. (1986) observed that lameness was associated with 

a longer interval between calving and fIrst service and a longer interval between calving 

and conception. 

Weight changes, particularly weight loss, may provide an early indicator of illness or 

severe living conditions for an animal. Weight loss has been used as a measure of stress 

in small mammals, particularly rodents, because very marked weight reductions can 
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occur in situations which may have been assumed to involve very little stress. Wallace 

(1976) found that weight loss occurred in mice put into a transfer box for 28 hours, 

regardless of whether or not the box was moved. Edens (1987) noted that social 

instability could result in body weight loss when a comparison was made of weight loss 

in male quails in stable social pairs and unstable social pairs. In some farm species, 

although not dairy cows, weight changes are often more subtle and the greatest concern 

is with reductions in weight gain rather than actual weight loss. In dairy cattle, the 

monitoring of changes in body condition score can provide more sensitive information 

than weight change alone. 

Life expectancy for the dairy cow can be viewed by the figures for culling which were 

reported in section 1.1.1 and it is the difference between potential and actual life 

expectancy which may be considered as an indicator of welfare (Broom & Johnson, 

1993). It is a great temptation to try to make qualitative judgements based on the length 

of time an animal lives but this can be unscientific and misleading. 

Immunological competence 

It has been recognised that stress can cause a suppression of the immune system. In a 

review of stress induced immunosuppression Griffm (1989) showed that stress is not 

only an unpleasant emotional experience but can be seriously harmful to health by 

mechanisms such as reduced resistance to disease. The increased levels of 

glucocorticoids which are released following exposure to a stressor have been 

implicated in stress-induced immunomodulation. Westly & Kelley (1984) carried out 

in vitro studies using cultures of porcine peripheral blood mononuclear cells (PBMC). 
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The proliferative responses of the PBMC to stimulation with concanavalin A (ConA) 

and phytohaemagglutinin (PHA) were significantly suppressed in the presence of 

cortisol. Much experimental evidence suggests that it is not only the HP A axis which 

has a rOle in immunosuppression. For example, Keller et al. (1983) reported that the 

PHA induced proliferation of isolated peripheral lymphocytes was reduced in rats 

which had electric shocks applied to their tails however, these rats had been 

adrenalectomised to prevent the secretion of corticosteroids. 

Although the mechanisms by which the CNS influences immune function are not yet 

fully understood there is evidence to suggest that it does. The most direct evidence for 

this are studies where lesions in specific regions of the brain have resulted in 

immunomodulation. Experimental lesions situated in the ventral hippocampal 

formation of rats (Devi & Namasivayam, 1991) and involving the parieto-occipital 

lobes of mice (Barneoud et al., 1987) caused alterations in lymphocyte proliferation and 

antibody titres. The locus coeruleus (LC) has also been implicated in 

immunomodulation. The neurones in the LC are known to be closely associated with 

CRF containing neurones and the LC neurones can be activated by a wide variety of 

stressors. 

Manser (1992) discussed the stressors which have been shown to produce 

immunosuppression in laboratory animals shown below in Table 1.3 
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Table 1.3 Stressors which may cause immune suppression 

STRESSOR 

Social Stress 

Effects of handling and 

housing 

EXAMPLE OF EXPERIMENTAL SITUATIONS 

WHICH RESULT IN IMMUNOMODULATION 

Size and composition of social group (Peng et al., 1989). 

i Maternal infant separation and peer separation (Coe et al., 1988). 
:-- -------c----

I Noise, draughts and pheromones fr()m-other cages.- -
i 

I Repeated handling found to reduce benefit of low stress housing 
i 
: (Riley, 1981). 

Restraint or immobllisation -r Single prolonged restraint or-repe-citedshortpen()ds o-frestraint 

Electric shock 

Rotation 

Noise 

Conditioned aversion 

Presence of predator 

Food deprivation 

Trauma 

Cold water immersion 

I 

(Teshima et al., 1987). 

i Inescapable shock found to be more stressful that escapabTe . 
I 
I electric shock (Laudenslager et al., 1983). 

i Positive correlation found between degree of immune depression 

• and intensity of shock (Keller et al., 1983). 

i Rotation on a turntable at varying speeds used as a stress 
I 

i 
r paradigm in mice (Kandil & Borysenko, 1987). 

i Rabbits exposed to daily 'white noise' for 5 days had decreased 

I spleen & thymus weight (Nayfield & Besch, 1981). 

i Repeated drinking of nausea inducing liquids e.g. lithium chloride 

i caused an emotion related depression in immune function (Kelley 

I et al., 1985). 
I --' 

i Caged rats exposed to a hungry, roaming cat did not develop 

i immune mediated arthritis (Rogers et al., 1980). 
i 

i Hens denied access to visible food led to increase in heterophil : 
I 

i Lymphocyte ratio (Beuving et al., 1989). 

I Hind limb amputation of mice caused a p-ro-fi-oun-d-dr-o-p-in-natural 

i killer cell cytotoxicity (pollock et al., 1987). 

• Repeated immersion of mice in cold water caused a reduction in 

I natural killer cell activity of splenocytes (Aarstad et al., 1983) . 
. -----.~-------::----=----:------=---=----=-------;---

Transportation of mice found to have significantly but transient Transport 
depressive effect on immune function (Landi et al., 1982). 

(compiled from 'The assessment of stress in laboratory animals'; Manser, 1992) 
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From Table 1.3 it is clear that many methods are used to stimulate immune function and 

to measure the responsiveness of the immune system. These include techniques such as 

tests of resistance to infection, susceptibility to tumour development, measurement of 

specific antibody responses, the PHA skin test, white cell counts and changes in spleen 

and thymus weights. For a full review see Griffin (1989). 

Measures of disease incidence 

Intensive livestock production has resulted in a greater incidence of disease in some 

species, Hartung (1994) suggests that the greatest problems are found in pig, poultry 

and calf production systems. Sainsbury (1974) stated that as the incidence of intensive 

poultry production increased a gradual increase in the number of birds with chronic 

infections was seen. Disease incidence may be used as a crude measure of welfare as 

there can be no doubt that a diseased animal has had its welfare compromised. 

Esslemont & Kossaibati (1996) reported on the incidence of production diseases and 

other health problems in a group of 90 FriesianlHolstein dairy herds in England. The 

mean incidence of mastitis was 33.2 cases per 100 cows with an average of 1.6 cases 

per cow so affecting a total of 20.6 per cent of the herd. Lameness affected 17.4 per 

cent of the herd to be multiplied by 1.4 cases per cow to produce an average of 24 

cases per 100 cows. A total of 33.6 per cent of cows were treated for 'not-seen

bulling', milk fever was seen in 7.7 cows out of 100 and 3.6 per cent of cows had 

retained foetal membranes. Mortality claimed 7.8 calves per 100 born and the average 

number of cows given assistance at calving was 8.7 per 100. These figures show that 

during a single year many members of an average herd experience a disease challenge 
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or some form of poor health. All of which represent a measurable compromise of their 

'Freedom from pain, injury and disease'. 

Behavioural measures 

Broom & Johnson (1993) contended that the best indicators of long-term discomfort or 

inadequacy of environment experienced by an animal are measurements of behaviour, 

including techniques such as preference of aversion testing. It should, however be 

remembered that behavioural responses to aversive stimuli are subject to differences 

between species and between individuals so that interpretations can only be made with 

care. Manser (1992) suggested that at an individual level an animal's previous 

experience, the nature of the stressor and the freedom that the individual has to cope 

with the stressor are all factors which will influence the animal's response. Some 

behaviours are of such great magnitude that they can be interpreted with greater 

confidence. An example of this is changes which can be observed in the locomotion of 

cattle presented with a rough, uneven walking surface which they fmd aversive to use. 

It is easy to see where the cattle have chosen to step off the track and walk on the grass 

verge instead. Faull et al. (1996) discussed this problem in greater detail. Furthermore 

dairy cattle dramatically reduce their lying time when faced with cubicles which they 

fmd uncomfortable or difficult to use (Wierenga & Hopster, 1990). 

Stereotypic behaviours are frequently associated with pigs and horses although they are 

certainly not confmed to these species. Sows confmed in a stall often show stereotypies 

such as bar-biting, drinker-pressing and sham-chewing (Jensen, 1980; Rushen, 1984). 

It had been suggested that these behaviours resulted from a lack of food or an 
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imbalance within the diet, however, the evidence for this is not strong. Broom & Potter 

carried out a study in 1984 (cited by Broom & Johnson, 1993) in which sows were 

provided with additional feed but this made no difference to the duration of the 

stereotypies being performed. Social isolation, especially in farm species, can also 

result in the performance of abnormal behaviours. Farm animals, in particular 

ruminants, are herd animals who gain security, environmental control and foraging 

advantages from their contemporaries. Individually housed calves display tongue 

rolling and excessive self licking behaviours described by Phillips (1993). Horses and 

sows which are group housed are also reported to be less likely to show stereotypic 

behaviours. In addition, reduced social experience has been found to lead to rejection 

of the young or poor parental behaviour (Broom & Leaver, 1977; Houpt & Olm, 1984). 

It has also been recognised that behavioural abnormalities may arise through frustration 

or lack of ability to control a situation. Inter-species aggression in hens may occur in 

such situations. 

Many behaviours performed by animals are very discrete or are simply not understood 

by humans. So interpretations of subjective behavioural data should always be made 

with great care. Mason & Mendl (1993) reported that different measures of the same 

issue do not always co-vary however, by using a number of measures it is possible to 

try to 'triangulate' towards an answer even if the answer is that we do not yet fully 

understand the problem! 
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1.1.3 Lameness and chronic pain 

Lameness in farm animals is not exclusive to dairy cattle and one of the most serious 

concerns is the chronic nature of the condition. Kestin et al. (1992) measured the 

prevalence of leg weakness in broilers. The leg weakness was a non-infectious 

condition likely to originate from skeletal, muscular or nervous disorders. The nature 

of these disorders suggested that the birds were likely to be experiencing chronic 

disability. Kestin et al. found that only 10 per cent of commercially bred and reared 

broilers had a nonnal gait based on their subjective assessment scale. The Farm Animal 

Welfare Council (1992) published a report on the welfare of broiler chickens. Leg 

problems were singled out as being a particular welfare concern. The report cited 

observations of birds which were only able to move with great difficulty and which 

were obviously distressed. The FA WC wrote: "The council considers it unacceptable 

for any bird to suffer pain or distress as the result of a leg problem". They did, however, 

concede that it is very difficult to decide whether birds are in pain. 

Lameness in sheep is also an important welfare problem, the major cause of which is 

footrot resulting from an infectious bacterial agent. This condition is chronic in nature 

with lame individuals having difficulty competing for food and also being isolated from 

the social security of the flock. In studies on the effect of chronic lameness in sheep 

Ley et al. (1989) and Ley et al. (1995) found that, when compared to non lame control 

animals, the lame sheep showed an increase in sensitivity to a noxious stimulus 

indicating the presence of hyperalgesia. Not only was the hyperalgesia measured when 

the animal was initially identified as being lame but hyperalgesia was still measurable 

At this examination the original lesion had apparently been resolved 
tmOJfRSfJY .. 

three weeks later. 
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which indicated that the chronicity of lameness extended beyond what was detectable 

by gait scores or examinations of the lesions. In the Farm Animal Welfare Council 

(1994) report on the welfare of sheep it considered that if a significant percentage of 

sheep within a flock displayed chronic foot lameness then this should be considered an 

indicator of poor welfare standards within the flock. 

Ley et al. (1996) also published preliminary fmdings that lame cattle display 

measurable hyperalgesia when tested at the time when lameness is first observed. 

Cattle lameness presents a number of problems not only due to the very high incidence 

reported among dairy herds (Clarkson et al., 1996) but also because of the wide variety 

of lameness causing lesions and their aetiology (discussed in detail in section 1.2.). 
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1.2 LAMENESS 
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Figure 1.1 The anatomy of a cow's foot 

1.2.1 Measurement and Assessment of Lameness 
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The fIrst obvious sign that a cow may be in pain or discomfort due to some form of 

limb problem is likely to be a behavioural change presented as lameness. Indeed it is 

usually the visible signs of lameness which cause the farmer to solicit treatment for the 

animal. F or this reason the measurement of lameness has a valuable role in the study of 

pain associated with lameness. The quantifIcation of lameness poses many problems in 
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all species, not least in cattle. Firstly, the modem dairy cow does not appear to have a 

naturally balanced and free flowing gait to use as a base line from which to draw 

comparisons. Secondly, cattle cannot be lead around and 'trotted up' in the obliging 

manner of horses, which again makes standardizing of observations difficult. The most 

widely used method of lameness assessment has utilized subjective scoring systems 

based on observations made while the animal is in motion. Following on from this, 

certainly in the case of foot lameness, there have been attempts to make graded 

assessments of the severity of lesions which have been identified as causing the 

lameness. 

Attempts have been made to fmd a more objective measure of lameness; both force 

plates and strike plates have been employed in the study of lameness in horses, 

(reviewed Leach, 1987) and dogs (Budsberg et al., 1988). The force plate technique 

has also been applied to the assessment of the downward forces exerted by cattle while 

walking (Prentice & Wright, 1971 and Scott, 1988). However, they reported difficulty 

achieving gaits of a constant speed and in a straight line which were required for 

reliable quantification of locomotion. 

Locomotion and Lameness Scores 

One of the most widely known cattle locomotion scoring systems was devised by 

Manson and Leaver (1988a). This is a nine-point Numerical Rating Scale (NRS9) 

which allocates scores to early changes in locomotion as well as to obvious clinical 

lameness. Tranter & Morris (1991) and Wells et ale (1993) both used simplified 

Numerical Rating Scales, consisting of five points, for the scoring of cattle lameness in 

32 



Chapter 1 

epidemiological studies. Wells et al. (1993) examined repeatability of scoring between 

observers and found a good relationship. These workers also suggested that for 'on 

farm' studies where large numbers of animals were being scored the NRS9 score 

contained too many integers. Sprecher et al. (1997) described a five-point NRS which 

used both posture and gait as a means of assigning a lameness score and a clinical 

description to the cattle. The posture was gauged by how level or arched the cow's 

back was observed to be. Gait was assessed by examining stride length and any 

reluctance to bear weight on the affected limb. Interestingly they assigned a clinical 

description of mild lameness to a cow whose gait remained normal but who developed 

an arched back while walking. 

Kestin et al. (1992) choose to use a simple six-point NRS for the subjective assessment 

of walking ability of broiler chickens. This NRS method was used because these 

workers felt that it allowed the assessment of a large number of birds in different 

environments and gave an estimate of walking ability irrespective of the pathology of 

the bird. The scale was used by a number of different observers so, in order to reduce 

inter-observer variation, each of the six score points was amplified by a detailed 

descriptive scale and validated by a defmitive video library. This was used for training 

observers and to counteract any drift in perception which might occur over time. 

A problem with subjective lameness and locomotion scores has been that if the animal 

is bilaterally lame the extent of the lameness may be disguised. Obel (1948) recognised 

this problem when examining laminitis in horses Laminitis may be localised to a single 

foot or affect up to all four feet. Obel recorded the severity of the lameness using four 
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grades based on the horse's willingness or reluctance to move and the animals level of 

resistance to having its feet lifted for examination. 

The Visual Analogue Scale (VAS) may be used as an alternative system of scoring to 

the NRS. The VAS involves the use of a single line 100 mm in length which is labelled 

at either end with the most extreme parameters to be used. Welsh et al. (1993) used a 

visual analogue scale for the scoring of lameness in sheep and anchored the ends as 

'sound' and 'could not be more lame' respectively. A mark was placed along the line at 

a point which the observer considered best represented the condition of the animal 

being viewed. The position of the mark was then measured in millimetres from the 

zero end and this measurement was taken as the score. This method allows a 

continuous score to be recorded and consequently is a more sensitive system of scoring. 

In addition the VAS avoids making the assumption that each score division represents 

an equal increase or decrease in clinical lameness as is the tendency for NRS systems. 

Welsh et al. (1993) carried out a lameness scoring comparison between a VAS and a 

five point NRS in lame sheep. They found that for both scoring systems the variation 

in score allocation between two observers was not statistically different and therefore 

concluded that it would be possible to use more than one observer in a single study but 

they also concluded that there was a reluctance by observers to use the highest scores on 

the VAS so making it inappropriate to use it interchangeably with the NRS. In addition 

these workers commented that the observers experienced the greatest variation in score 

allocation at the low end of the NRS suggesting that the five point NRS was limiting 

their ability to record minor differences in the early stages of lameness. 
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Foot Pathology Scoring 

Ley et al. (1992) used a five point NRS for scoring lameness in sheep, which was 

summed with a six point NRS used for scoring the footrot pathology observed on 

examination of the foot. For example, a sheep observed occasionally limping received 

a lameness score of 1 and on examination a foot rot lesion was observed which included 

hot swollen tissues and broken hoof hom this was given a pathology score of 3. So the 

total score for that animal was 4. 

Greenough & Vermunt (1991) used a four-point scale to score the haemorrhages 

observed on the soles of the claws of cattle as part of an evaluation of subclinical 

laminitis. The four points of the scale were 1- slight discolouration, 2 - moderate 

haemorrhage, 3 - severe haemorrhage and 4 - exposed corium. Each score was then 

adjusted geometrically to produce a severity score. By doing this the authors made the 

assumption that the higher scores had greater clinical importance than the lower scores 

and weighted them accordingly. Care needs to be taken when adding weighting to a 

NRS scoring system because of the risk of further compounding the error that each 

score division is assumed to represent an equal increase or decrease in the observed 

parameter, when this may not be the case. Logue et al. (1994) used a lesion scoring 

system similar to that of Greenough & Vermunt (1991) but it was not until later that 

they applied weighting to the scoring of lesions (Offer et al., 1997). 
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Quantification of lameness Using Force Plate Technology 

The force plate has been used extensively in the analysis of human locomotion and the 

equipment involved has varied greatly in sophistication. Some of the early techniques 

were described by Lord (1981). Lord explained how Morton's Kinetograph and the 

Harris Beath footprint pad were designed to measure the deformations made by subjects 

standing on stylised rubber matting. The forces applied by the subjects' feet caused 

variable widths of ink to be printed onto the surface below the mat, thus recording an 

impression of the points of load. It was also recognised that the deforming surface of 

the rubber matting would have an effect on the gait of the subjects and in addition the 

analysis of the ink impressions was complicated and somewhat subjective. The 

pedobarograph, a new dynamic and quantitative measuring system, was developed in 

the 1960's and was patented by J. Chodera (Betts & Duckworth, 1978). The 

pedobarograph, or pressure plate, worked on the principle of optical displacement 

which caused a change in visible light seen below a plate when a subject walked over 

the top of it. Betts et a/., (1980). Betts and co-workers were able to establish that the 

pedobarograph could achieve linear results through a range of normal subject weights. 

Webb & Clark (1981) used a modified pedobarograph with video and computer 

recording equipment to measure foot and floor interactions of walking cattle. 

Electronic force plate systems are most frequently used in equine orthopaedic studies 

(see review by Leach 1987). A force plate is a flat plate which is able to register the 

components of a force applied to its top surface. A commercially available system used 

in studies of cattle locomotion (Webb & Clark, 1981 and Scott, 1988) was the Kistler 

force plate. This utilised piezo-electric crystals which when deformed by a load 
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generate an electric charge proportional to the compressive forces applied by the 

subject. This type of force plate has provided valuable dynamic and quantifiable 

information but the system is expensive and requires a large, specially constructed, 

concrete surround which has limited its application in commercial livestock studies. 

As well as examining the locomotion of lame animals it has been recognised that static 

measurements of pressure distribution under the feet of lame animals can provide 

valuable data. A viad (1988) reported on the use of a standing force plate to determine 

time variations of the vertical forces exerted by the limbs as a quantitative measure of 

equine lameness. Schott et al. (1994) also explored measures of static weight bearing 

as a potentially objective measure of arthritic pain in the rat. Carrageenan was used to 

induce monoarthritis in the limb of a rat which resulted in an increased load on the 

contralateral paw. This effect could be inhibited by the administration of morphine. 

Ossent et al. (1987) were able to use static force plate measurements to distinguish 

between the loading on the medial and lateral claws of the bovine hind limb, while 

simultaneously recording the distribution of weight between the hind limbs. Mair et al. 

(1988) developed a device for carrying out detailed measurements of the pressure 

distributions on the soles of the feet of cattle. The device consisted of four capacitance 

sensors per square centimetre. The information from the sensors was recorded and 

processed by computer which was then able to produce a high resolution map of the 

sites and amounts of pressure being exerted by the soles of the claws. It was found that 

the most common area of maximum weight bearing was localised to the region of the 

solelheel junction. 
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Recording the observed locomotion of an animal over time allows charting of any 

improvement or deterioration in the physical condition which may be a useful clinical 

and experimental tool. Lameness is the most apparent behavioural indicator of what 

may be limb pain experienced by the animal. By using scoring systems it should be 

possible to make a graded behavioural assessment of the severity of the lameness being 

experienced by the animal and to use this as a basis for comparison between cases. 

Observational scoring systems have the advantage of being non invasive and are carried 

out in the animal's normal environment but they are highly subjective which makes 

force plate analysis a potentially very useful tool. 

1.2.2 The incidence of lameness in dairy cattle 

The use of locomotion and lameness scores has recently been extended beyond simply 

being a means of identifying and assessing an individual animal's lameness. Scoring 

techniques have been employed in trying to establish a reliable estimate of the incidence 

of lameness within the U.K. dairy herd. Historically, studies of the incidence of 

lameness were carried out by veterinary surgeons recording the number of animals they 

were called to examine (Leech et al., 1960; Prentice & Neal, 1972; Eddy & Scott, 1980; 

Russell et al., 1982). This inevitably gave a distorted estimate of the incidence of 

lameness and led to a considerable amount of disagreement between published studies. 

In 1960 Leech et al. estimated that the annual incidence of lameness was 3.88 per cent 

of which 2.79 per cent was the result of foul-in-the-foot. Subsequently Prentice & 

Neal (1972) surveyed clinical lameness cases attended by veterinary surgeons from a 

single practice over a three year period. They found an average incidence of 30 per 
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cent per annum. In contrast, in 1980, Eddy & Scott reported a lameness incidence of 

7.33 per cent compiled from practice records over a 12 month period. This figure is 

similar to that documented by Russell et al. (1982) who reported a 5.5 per cent 

lameness incidence calculated from data provided by 48 veterinary practices. Also in 

the early 1980s Arkins (1981) published the results survey of lameness conducted on 20 

dairy farms in Ireland and reported an annual new case incidence of 28 per cent with 

an animal incidence of 23 per cent.. In this study Arkins carried out routine farm visits 

every 3 weeks and so he was more actively soliciting lame animals to examine rather 

than allowing selection of cases to be made solely at the discretion of the farmer. 

In 1983 Whitaker et al. published a survey of the treatment of lameness which included 

both animals seen by the veterinary surgeon and those treated by farm staff. The data 

were collected from 185 farms in England and Wales over a 12 month period from 

1981 to 1982. The average annual incidence of treatments reported was 25 per cent 

(ranging from 2 - 55 per cent in individual herds) of which 6.3 per cent of treatments 

were carried out by veterinary surgeons and 18.7 per cent by farmers. They also 

showed a monthly incidence pattern which supported the fmdings of Prentice and Neal 

(1972) that a large proportion of lameness occurred in the fIrst 3 months after 

parturition. This observation was also supported by Arkins (1981) who noted peak 

incidences of lameness corresponding to Spring calving. Whitaker et al. (1983) also 

noticed a higher lameness incidence on the Western side of the U.K. and speculated on 

the influence of the higher rainfall seen in this region as did Eddy and Scott (1980) and 

Russell et al. (1982). 
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All the surveys mentioned above were limited by the perception of a individual, usually 

the stockman, of what constituted a lame cow requiring treatment. This is a problem of 

subjectivity and all the surveys depended on the stockman's vigilance, the relative 

importance he or she placed on lameness and how severe a 'limp' had to be before the 

animal received treatment. The 25 per cent incidence reported by Whitaker et al. 

(1983) was considered to be the best estimate of the incidence of cattle lameness in the 

U.K. until Clarkson et al. (1996) published a survey of the incidence and prevalence of 

lameness in dairy cattle on 37 farms around Britain. The survey was carried out over a 2 

and a half year period between 1989 and 1991. The incidence of lameness was again 

calculated from the number of cows examined for lameness and was reported as 54.6 

new cases per 100 cows (range 10.7 to 170.1). In addition the lameness prevalence was 

measured during each visit to a farm by scoring every cow using the Manson & Leaver 

locomotion score (Manson & Leaver, 1988a). Animals which scored greater than 3 

(slight lameness, not affecting behaviour) were considered to be lame. They reported 

an annual prevalence of 20.6 per cent (range 2.0 to 53.9 per cent). A similar 

prevalence study was carried out in lactating dairy cattle in Minnesota and Wisconsin 

(Wells et al., 1993) using a different scoring system was used based primarily on 

observation of clinical lameness. This study found a 13.7 per cent Summer prevalence 

of clinical lameness which rose to 16.7 per cent in the Spring. Interestingly these 

prevalences were 2.5 times greater than those estimated by the herd manager. 

Thus, the use of locomotion or lameness scoring systems has increased the sensitivity of 

measures of incidence and prevalence of lame cattle. In addition such scoring systems 

may have some value in the assessment of the severity of the lameness. If the reports of 

the incidence of lameness can be considered to be comparable then there are indications 
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that the incidence of lameness within the national herd is increasing. It is important, 

however, to remember that locomotion scoring is a subjective measure which can vary 

between individuals and groups who have been influenced by their perceptions of the 

importance of lameness and their previous experiences. 

1.2.3 The distribution of lameness between the limbs of dairy cattle 

Studies of lame dairy cattle have shown that lameness is not equally distributed between 

all four limbs and equally there is an uneven distribution of lesions observed in the 

lateral and medial claws. Prentice & Neal (1972) found that, from a total of 369 

clinical lameness cases, 8 per cent originated in the leg with the remaining 92 per cent 

centred around the feet. On examination of these cattle with foot lameness it was found 

that 28 per cent of lesions were found in the interdigital areas and the remaining 64 per 

cent (236 cases) involved the claws. Further analysis of the distribution of foot 

lameness shows that hind feet account for 82.5 per cent and front feet 17 .5 per cent of 

total claw lesions recorded. A histogram of the numbers of diseased claws clearly 

shows that by far the greatest number of lesions are seen on the lateral hind claws 

although the exact figures are not given. Both the studies of Russell et al. (1982) and 

Arkins (1981) were in agreement that over 80 per cent of lameness occurred in the 

hindlimbs with an even distribution between right and left. In addition Russell et al. 

(1982) observed that 73.3 per cent of hind limb claw lesions occurred on the lateral or 

outer claw whereas in front foot lameness the greater number of lesions occurred on the 

inner or medial claw, although the difference between claws was not as marked as that 

observed in the hind claws. 
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An epidemiological study of dairy cattle lameness (Murray et aI., 1996) identified 8645 

claw lesions, the distribution of these lesions are shown in Table 1.4 

Table 1.4. The distribution of claw lesions between the medial and lateral claws and 

the digital tissue in the front and hind limbs of dairy cattle identified in an 

epidemiological study conducted by Murray et al. (1996). 

Location of Foot Lesions 

Front Feet 

Hind Feet 

Medial Claws 

318 

954 

Lateral Claws 

222 

5408 

1.2.4 Lameness causing lesions of the foot 

Digital Tissue 

Total 

152 

1592 

Sub Total 

692 

7953 

8645 

In general the lesions identified as causing foot related lameness in dairy cattle may be 

subdivided into three major categories: laminitis, claw or digital lesions and thirdly 

interdigital tissue lesions. 

1.2.4.1 Laminitis 

In a review of laminitis in cattle Vermunt & Greenough (1994) classified laminitis into 

four forms: acute, subacute, chronic and subclinical. 
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Acute and subacute laminitis 

During the acute and subacute stages of the disease an aseptic inflammation of the 

corium coincides with systemic sickness in the animal although few visible changes 

may be seen on the hom of the claws. During such an episode of acute or subacute 

laminitis the behaviour of the animal alters so that changes in posture and locomotion 

are frequently observed. Acute and subacute laminitis have a tendency to recur and are 

likely to progress into chronic laminitis, as has been reported by Edwards (1982) and 

Weaver (1979). 

Chronic laminitis 

In the chronic state, laminitic changes are restricted to the claws with no apparent 

concurrent systemic condition. Disturbances in the growth of the claw hom are seen in 

the form of grooves and ridges running around the claws as a result of irregular patterns 

of growth. The shape of the claws also alters becoming elongated with the sole 

broadening and flattening as described by Maclean (1971a). In a post-mortem 

arteriographical study of the claws of chronically laminitic cattle Boosman et al. (1989) 

found signs which suggested that chronic laminitis developed as a result of continuous 

hypoperfusion of the digit after an episode of acute or subclinical laminitis. 

Subclinical laminitis 

The term subclinical laminitis has become something of a misnomer as the pathology 

associated with this condition is not believed to be caused by inflammation of the 
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laminae (Kempson, 1998). The condition commonly referred to as subclinical laminitis 

does not cause observable changes in locomotion and posture but can still lead to 

chronic laminitis and changes in the claw hom which may be seen once the feet are 

trimmed. The soles become softer and stained yellow with a rather waxy appearance 

(Greenough, 1985). Haemorrhages may also be seen on the weight bearing surface of 

the claws, in particular in the white line, the apex of the sole and the sole - heel junction 

as described by Greenough & Vermunt (1991). 

The aetiology of laminitis in cattle is not yet precisely understood. Much of the current 

information has been based on the equine model of laminitis which has been 

extensively researched. Gamer et al. (197 5) fIrst proposed an experimental model 

examining the connection between starch overloading and laminitis in horses which, 

historically, has also been used as a bovine model. Studies involving the engorgement 

of grain by sheep have also provided further information about the rOle of nutrition in 

the onset of laminitis (Dougherty et al., 1975a). Takhashi & Young (1981) found that 

arterial injections of histamine only induced laminitis in cattle when they had 

previously been overfed with grain. Telle & Preston (1971) were able to induce 

laminitis in sheep by giving intra-ruminal injections of lactic acid. It appeared that the 

severity of the laminitis was dose dependent on the level of blood lactate. Dougherty et 

al. (197 5b) went on to apply their grain engorgement laminitis model to cattle and 

Suber et al. (1979) also attempted to establish an experimental model of bovine 

laminitis. This was done by overloading cattle with a carbohydrate rich ration of flaked 

com grain, soya bean meal and sugar cane molasses. Livesey & Fleming (1984) used 

high dietary starch as part of a study of the occurrence of clinical laminitis in Friesian 

dairy cows. Livesey & Fleming found that a group of cattle fed a ration with a high 
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starch and low fibre content had a 68 per cent incidence of clinical laminitis and a 64 

per cent incidence of sole ulcers. The group fed a high fibre diet with a lower starch 

content exhibited only an 8 per cent incidence of clinical laminitis and an 8 per cent 

incidence of sole ulcers. 

It is now generally believed that acute laminitis results from toxic substances such as 

histamine, lactic acid, serotonin or endotoxin being released from the gastro intestinal 

tract and acting systemically. Nilsson (1963) reported that systemically administered 

histamine chloride provoked the onset of acute laminitis or exacerbated the condition of 

chronic laminitis. Endotoxin is of particular interest as a possible trigger of acute 

laminitis because laminitic conditions have been reported to occur in the presence of 

diseases such as Gram-negative mastitis, endometritis and ruminal acidosis all of which 

are associated with endotoxaemia as discussed by Nilsson (1963) , Maclean (1965) and 

Dougherty et al. (197 5b). The significance of toxic substances as factors contributing 

to the overall laminitis condition is not as yet fully understood. It has been suggested 

that some of the circulating toxic substances have vaso-active effects which cause a 

severe disturbance in the microvascular circulation of the dermis of the claw resulting 

in hypoxia and nutrient starvation of the tissues. Maclean (1971 b) discussed this effect 

and the subsequent onset of ischaemic necrosis and degeneration of the hom producing 

structures. This highlighted the potential importance of the circulatory system in the 

laminitis syndrome. Sole ulcers are now believed to be, in some way, related to poor 

vascularisation of the sole-heel junction. In addition haemorrhages seen in the white 

line and the sole of the claw are considered as characteristic of laminitis (Bradley et aI., 

1989; Edwards, 1982). 
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Vasoconstriction resulting in ischaemia of the dermis has already been mentioned as a 

possible cause of laminitis, paradoxically acute laminitis is diagnosed by a visibly 

bounding digital pulse and engorgement of the digital veins (Nilsson, 1963). The 

explanation presented is that the ischaemia in the digit is the result of the blood being 

shunted away from the dermal capillary beds through dilated arteriovenous anastomoses 

(A VAs). The existence of AVAs has been demonstrated in horses using scanning 

electron microscopy (Pollitt & MoIneux, 1990). Vermunt & Leach (1992a) carried out 

a scanning electron microscope study of plastic corrosion casts of the vascular system 

made from clinically normal bovine hind claws. The making of the plastic corrosion 

casts and a macroscopic study of the vascular organisation around the hind claws are 

described in detail by Vermunt & Leach (1992b). Immediately after death the vascular 

system of the claws was perfused, via the dorsal metatarsal artery, with one litre of 

physiological saline to flush any remaining blood from the vessels. A methacrylate 

resin was then injected into the vascular system to form a cast which was exposed for 

examination once the soft tissue and bone had been cleaned away by a process of 

maceration. The macroscopic study was able to identify an even distribution of vessels 

in the dermis of the sole, even at the sole-heel junction of these clinically normal 

animals. The authors suggested that previous reports of poor vascularisation in the 

dermis of the sole, especially at the sole-heel junction, may have occurred after an 

episode of laminitis had taken place. 

In the scanning electron microscope study of the corrosion casts (Vermunt & Leach, 

1992a) a network of A V As were identified. These A V As were found throughout the 

dermis of the claws and were particularly dense at the base of the dermal lamella and 

papillae of the white line, sole, heel bulb and coronary band. So in essence these A V As 
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were able to form a direct link between the arterial and venous dermal circulation 

before it penetrated the papillary vascular bed. 

The confirmation of the presence of these A V As supports the theory that when an insult 

to the vascular system of the dermis occurs, possibly mediated through the release of 

toxic vasoactive substances, increased shunting of blood occurs through the A V As. 

This causes a reduction in capillary perfusion of the dermis and also a rise in local 

venous pressure. This may then cause a rise in capillary pressure. As a result the 

capillary beds become congested which leads to oedema and haemorrhages in the 

capillary beds. These haemorrhages are then incorporated into the hom and move to 

the external surface as hom growth takes place (Vermunt, 1992). The presence of 

haemorrhages in the hoof hom of dairy cows during their fust lactation has been 

confrrmed by ultrastructural observations (Kempson & Logue, 1993). 

A further complication of the effect of a prolonged decrease in perfusion is the 

possibility of damage to the keratin producing cells of the epidermis, especially in the 

coronary margin although it has been suggested previously by Larsson et al. (1956) that 

the hom producing cells are the fust to be attacked by toxins which are involved in 

laminitis and that vascular changes in the dermis are secondary. Larsson et al. (1956) 

also suggested that the ability to remove sulphhydril groups from the digital circulation 

and incorporate them into keratin may be reduced so altering the sulphur content of the 

hom. Maclean (1971 b) also reported that there was a reduction in the proportion of 

cystine and methionine in the hom of cows affected by laminitis. 

Ossent & Lischer (1995) describe a series of pathophysiological changes which begin 

with laminitis being triggered by systemic and aetiological factors leading on to 
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degeneration of the dermal-epidermal junction in the laminae of the claw. Following 

this, the third phalanx [and with it the animal] sinks within the claw "shoe", thus 

triggering another cascade of pathological events, resulting in necrosis of and 

haemorrhage in the corium. Several weeks later, the lesions become visible on the 

surface of the claw to appear in the form of haemorrhage, sole ulcers and white line 

lesions. 

1.2.4.2 Claw or digital lesions 

Sole illcer pododermatitis circumscripta (plate 1.1) 

The sole ulcer is specifically located at the sole / heel bulb junction on the sole of the 

claw, usually nearer to the axial side of the claw. This site has become known as the 

'sole ulcer site'. The condition is most commonly seen on the lateral claws of the hind 

limbs but is not altogether unknown on other claws, especially the medial claws of the 

front limbs; sole ulcers also commonly occur bilaterally. It has been suggested that the 

lateral hind claw is most frequently affected because in mature dairy cows this claw 

regularly becomes overgrown and this has to bear a greater proportion of the animals 

weight (Toussaint Raven, 1989). The sole ulcer is believed to follow on from laminitis 

where the third phalanx has moved downwards, relative to the supporting structures 

within the claw, and is 'pinching' the corium at this site (Maclean, 1971a; Toussaint 

Raven, 1973). It is also believed that overgrowth of the claw exacerbates the condition 

of the sole ulcer because it causes further rotation of the third phalanx (Baggott & 

Russell, 1981; Blowey, 1992). 
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Initially an area of haemorrhage occurs at the sole ulcer site which is then followed by a 

severe impairment of hom production in this region. It is this hom defect which is 

termed the ulcer and as it progresses it becomes plugged with granulation tissue. In 

addition, areas of sole around the perimeter of the sole ulcer become separated from the 

healthy corium. The sole ulcer site is just beneath the posterior tip of the third phalanx 

at the point of attachment of the deep flexor tendon and as a result there is a risk of 

complications occurring such as deep sepsis of the synovial structures of the foot and 

flexor tendon sheath. 

White line disease (plate 1.2) 

White line disease occurs as the fibrous junction between the sole and the wall of the 

claw disintegrates and is penetrated by debris (Collick, 1997). In the worst case this 

debris, such as dirt and sharp stones, becomes further impacted until it eventually 

reaches the corium at this point an area of infection develops and an abscess forms. On 

examination and paring of the claw it is possible to follow the course of the debris as it 

tracks along the white line until it becomes embedded in the soft tissues. Although 

lameness sometimes results because the impacted debris exerts pressure on the corium 

without penetration of the soft tissues. White line disease is most commonly found in 

the abaxial white line immediately distal to the heel bulb (Baggott & Russell, 1981). 

This is not surprising as this area is the fITst impact point of the claw. Lesions may be 

found at all other areas of the white line where the sole and wall are cemented together. 

White line disease seen at the toe has also been termed as 'toe ulcer'. Laminitis has 

been implicated in the development of white line disease as it causes a general 
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deterioration in horn quality. This is a particular problem when it progresses through to 

the level of the white line which is already a natural point of weakness (Blowey, 1992). 

Sole haemorrhage aseptic pododermatitis (plate 1.3) 

As already discussed the areas of haemorrhage, sometimes referred to as bruising, seen 

in conjunction with a softening and yellow discolouration of the hoof hom is a sign of 

subclinical laminitis (Greenough, 1985). In cases of severe haemorrhage the sole may 

become under-run or separated from the new, 'post haemorrhage' hom. This is called a 

false sole and it needs to be removed to expose the new healthy hom. 

Foreign body penetration of the sole (plate 1.4) 

Areas of the sole other than the white line may be subject to penetration by foreign 

bodies but the result is often similar with particular risk of infection and abcessation. 

Blowey (1993) reports having identified objects such as sharp stones, glass, tin and 

nails penetrating the soles of cattle. It is more common to find that the original cause of 

the penetration is no longer present when the claw is examined. The soles can become 

predisposed to foreign body penetration when they are softened by excessive 

environmental moisture or laminitis, when they have been worn too thin by having to 

walk long distances or walk on very abrasive surfaces such as newly laid concrete and 

fmally when the animals are driven too forcefully along rough roads or tracks (Collick, 

1997). 
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Heel erosion erosio ungulae 

This condition, which is also known as slurry heel, is very commonly found in housed 

dairy cattle which have stood for long periods in corrosive slurry (Blowey, 1992). Heel 

erosion is, in itself, a benign condition where the normally smooth, cushioning hom of 

the heel bulb develops deep black fissures and may become totally eroded. Primarily 

heel erosion results in the loss of an important weight bearing surface which also acts to 

cushion the concussive effects of walking. In chronically affected cows the pastern 

sinks and in severe cases the claws may rotate caudally so far that the animals toes no 

longer touch the ground. This causes the posterior tip of the third phalanx to exert 

pressure on the sole ulcer site, resulting in the development of sole ulcers. Finally deep 

erosions may become infected and white line disease may develop originating at the 

axial groove. 

Vertical sandcrack fissura ungulae (longitudinalis) 

A sandcrack is a vertical separation in the hom which stems from the periople. It is 

most commonly seen in the lateral claws of the fore limbs. The periople is the growth 

point of new hom and is situated at the coronary band. A sandcrack may be superficial 

but deep sandcracks cause severe lameness even when only a small area of tissue is 

affected. If the fissure is wide enough to allow some movement of the wall then 

granulation tissue frequently develops. 

The development of sandcracks was originally attributed to hot, dry, sandy conditions, 

but this is now not believed to be the only cause. Greenough (1997) discussed a range 
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of factors which are believed to have some causal influence on sandcracks. It is thought 

that the role of the fore limbs and consequently the claws in bearing 60 per cent of the 

animals weight may be a major contributory factor in the development of sandcracks. 

In addition it has been observed, in beef cattle, that those animals which are over 

conditioned have the highest incidence of sandcracks, thus implying a nutritional 

component. It has also been speculated that copper and zinc deficiency, both elements 

which are known to have a role in skin and hair growth, may be a further contributory 

factor. 

Horizontal fissures fissura ungulae (transversalis) 

These fissures run parallel with the coronary band around the circumference of the claw 

wall. As with vertical fissures they stem from the periople but often go unnoticed until 

they have grown down towards the toe. The fissure is formed when cessation of hom 

production occurs. Hom production is often checked by severe illness such as peracute 

toxic mastitis or severe metritis. Hom grows at a rate of approximately five millimetres 

per month and so it can be up to nine or ten months before the fissure becomes a 

clinically obvious problem. As the claw continues to grow movement begins to 

develop between the partially separated hom above and below the fissure. This allows 

debris to penetrate the fissure leading to infection of the corium (Blowey, 1993) and 

severe lameness. 

Lesser horizontal fissures are known as hardship grooves and although they represent a 

band of weakness within the claw they do not result in lameness. These 'hardship 
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grooves' are of interest because they provide a historical record of events which were 

stressful enough to the cow to result in a partial growth check. 

Fracture of the third phalanx 

The third or distal phalanx, also called the pedal bone, usually fractures longitudinally 

from the centre of the pedal joint straight down to its base. In the past this fracture has 

been associated with osteoporosis induced by flourosis, although this condition is no 

longer so common. Severe concussive trauma such as running on hard ground or 

oestrous behaviour is more frequently implicated now. Overgrowth of the hoof 

resulting in uneven loading of the third phalanx and osteomyelitis of the pedal bone 

may also result in fracture (Baggott & Russell, 1981). The medial claw of the front 

limbs are more frequently fractured, leading to a classic cross legged stance as the cow 

attempts to transfer weight onto the lateral claw. The claw hom itself will act as a 

splint so the prognosis for these animals is good if they are given appropriate supportive 

care. 

Deep digital sepsis 

Deep digital sepsis usually occurs secondarily to other foot diseases such as an infected 

penetration wound, extensive erosion of the heel, interdigital necrobacillosis (section 

1.2.4.3), infected sandcrack, white line disease or sole ulcer (Baggott & Russell, 1981). 

Deep digital sepsis is commonly associated with severe lameness and inflammation as 

well as a sinus formation proximal to the coronary band. The condition may be 

extensive involving several structures of the lower limb and is referred to as 
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pododermatitis profunda. Alternatively the infection may be localized to one structure, 

causing conditions such as septic navicular bursitis / osteomyelitis, tenosynovitis (with 

infection of either the flexor tendon sheath or the extensor tendon sheath) or heel 

abscess (Baggott & Russell 1981). 
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Plate 1.1 Sole Ulcer situated at the sole ulcer site on the lateral claw of the hind limb 

Plate 1.2 White line lesion on the abaxial wall of the lateral claw of the hind limb. 
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Plate 1.3 Sole haemorrhage on the area of the heel region of the lateral claw in a newly 
calved heifer. As is frequently observed in dairy heifers the medial claw is longer and 
more narrow than the lateral claw. 

Plate 1.4 Penetration of the heel bulb of the fore limb, lateral claw. The foreign body 

is no longer present. 
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Plate 1.5 Peracute foul in the digital tissue surrounding the heel area. The heifer did 
not recover from this lesion and was subsequently euthanased. 

Plate 1.6 Digital dermatitis shown at an a typical site on the heel bulb and 
accompanied by areas of haemorrhage on the lateral claw. 
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1.2.4.3 Interdigital tissue lesions 

Foul-in-the-foot interdigital necrobacillosis / phlegomona interdigitalis 

Foul-in-the-foot was described by Weaver (1986) as an acute inflammation of the 

subcutaneous tissues of the interdigital space. It is an acute necrotising infection 

causing a uniform swelling around the coronary band which forces the two claws apart. 

The condition is caused by infection with Fusobacterium necrophorum possibly in 

association with a second bacterium Bacteroides melaninogenicis (Blowey, 1993). 

These organisms penetrate areas of epidermis damaged by either stones, sticks or 

possibly spirochaete organisms. Once established, cellulitis is produced which leads to 

lameness. As the swelling increases the interdigital skin shows a characteristic split 

which frequently discharges pus or necrotic tissue debris. If untreated, a progressive 

cellulitis may track up the leg and infection may also enter the synovial structures of the 

foot resulting in deep digital sepsis (section 1.2.4.2). 

Baggott & Russell (1981) list the predisposing causes of foul-in-the-foot as interdigital 

skin damage often caused by environments such as stony ground, stubble and dried 

mud. In addition, exposure to reservoirs of infection which may be found in wet and 

dirty areas such as in field entrances and around water troughs. Finally faeces which 

have dried onto the claws provide a suitable environment for proliferation of the 

causative organisms. 
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Peracute foul (plate 1.5) 

This condition has been referred to as a severe form of foul-in-the-foot and has become 

commonly known as 'super foul'. The condition was first recognised in the U.K. by 

David (1993) who described it as peracute and refractory to conventional therapy. 

Cook & Cutler (1995) further described the condition as "typically resulting in an 

acutely lame cow, with severe interdigital swelling. If left untreated this progresses 

rapidly to necrosis and deep erosion of the interdigital space with associated swelling 

of the soft tissues above the coronary band of one or both claws, resulting in an end 

stage septic arthritis". Bacteriological examination of six cases identified the presence 

of Fusobacterium necrophorum and Bacteroides melaninogenicus as well as an isolate 

of Bacteroides fragilis. These findings confrrms the association with interdigital 

necrobacillosis but does not explain why it has developed a peracute aetiology. David 

(1993) suggested that digital dermatitis, contaminated foot baths and wet conditions 

may be further contributory factors to this condition. 

Digital dermatitis dermatitis digitalis / Mortellaros disease (plate 1.6) 

Digital dermatitis usually presents as a small circumscribed area of epidermal 

inflammation in the skin immediately above the coronary band between the bulbs of the 

heel (Blowey & Sharp, 1988). There is currently considerable debate as to whether the 

aetiology of digital dermatitis is the same as that of interdigital dermatitis. The 

distinction between these two lesions has not yet been fully clarified. 
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The digital dermatitis lesion may also occur just above the coronary band between the 

dorsal walls of the claws. The surface of the lesion is dark red or brown and the hair is 

usually matted with exuadate. Removal of surface debris reveals a red, raw 

proliferative area which is extremely painful to the touch. There is, however, no 

associated tissue swelling as with foul-in-the-foot. In advanced cases the lesions may 

develop a papililform appearance and erode the hom, especially at the heel, producing 

an under-run sole. 

Bacteriological studies carried out by Blowey & Sharp (1988) identified the presence of 

Bacteroides & and spirochaete like agents which were morphologically similar to 

members of the Treponema genus. In a subsequent study Choi et al., (1997) reported 

preliminary evidence of epitopes of five spirochetal phylotypes in biopsies taken from 

the digital dermatitis lesion of which Treponema denticola was present in the greatest 

proportion. 

Interdigital hyperplasia hyperplasia interdigitalis 

Interdigital hyperplasia is an overgrowth of normal skin between the claws caused by 

chronic irritation or dermatitis in the interdigital region (Collick, 1997). It is thought 

that the hyperplasia may be the consequence of chronic skin irritation caused by low 

grade infection. The condition is also believed to be hereditary in certain breeds such as 

the Hereford (Cirlan, 1990). Small lesions do not appear to cause lameness but some 

become very large and are compressed as the cow walks (Blowey, 1993). Secondary 

infection may become established around the hyperplasia, commonly presenting as 
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foul-in-the-foot or an area of unspecified inflammation often termed 'interdigital 

dermatitis' . 

"Mud fever" 

Mud fever occurs when cattle have been kept in cold, wet and muddy conditions. 

Initially swelling extends from the coronary band to the fetlock. Hair loss follows and 

in severe cases the skin may crack and produce a raw bleeding area. Cows with this 

condition often shake the affected limb which may be indicative of irritation and 

itching. In ~ddition the organism Dermatophilus may be involved in areas of infection 

(Blowey, 1993). 

1.2.5 Causes of lameness 

It is believed that the initial triggers for the onset of lameness are multifactorial 

however, the extent to which anyone of these factors exerts an influence seems to vary 

between farms. As discussed in section 1.2.4.1 Ossent & Lischer (1995) postulate that 

ill many cases laminitis appeared to be the initial insult to the claws which then 

predispose them to conditions such as sole ulcer, white line disease and sole 

haemorrhage. Weaver (1971) describes a number of cases where laminitis, especially 

in heifers, caused such a deterioration in the hom quality of the claws that foreign body 

penetration was frequently observed. 

It has been reported that it is the events related to the peri-parturient period which have 

a most significant influence on laminitis (Logue et aZ., 1994; Bergsten & Frank, 1996). 
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Nilsson (1963) suggested that 'parturition laminitis' was associated with metritis and 

the retention of foetal membranes resulting in histamine production by micro-organisms 

in the uterus, thus providing a direct explanation of the rOle of parturition. Although 

metritis cannot be discounted as a possible trigger for an episode of laminitis this theory 

is no longer widely supported. It is no longer sufficient simply to blame systemic toxic 

factors without trying to identifying the reasons for their release. 

The peri-parturient period represents a time of tremendous change, especially for fIrst 

calving heifers. Not only do they undergo the stresses associated with parturition itself, 

rapidly followed by separation from the calf but they begin lactating and have a sudden 

change in diet. They also join the milking herd and spend a considerable amount of 

time standing in concrete yards. On joining the herd the heifers have to establish their 

position within the herd hierarchy and are often introduced to cubicle housing for the 

first time. In addition, as already mentioned, some are considered to have a genetic 

predisposition to foot problems and, at the time of fIrst calving, many heifers are still 

growmg. 

Maternal separation 

Very little work has been done investigating the effects of maternal separation from the 

dam's perspective. A behavioural study (Lidfors, 1996) was carried out to examine the 

effects of separating the dam and dairy calf either immediately or at 4 days post partum. 

It was found that when a calf was removed from the dam 96 hours after calving the cow 

demonstrated a higher level of activity including lots of vocalisation, reduced lying 

behaviour and a decrease in rumination compared with those cows whose calves were 
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removed at birth. This, however, is a rather unfair comparison as those calves which 

were removed immediately after parturition were kept within visual and vocal range of 

their mother. 

Lactation and nutrition 

The onset of lactation, as an integral part of parturition, is difficult to isolate as a causal 

factor in laminitis. It has frequently been reported that the highest proportion of 

lameness cases are seen within the fIrst three months of lactation (Prentice & Neal, 

1972; Whitaker et al., 1983; Rowlands et al., 1985). Sudden nutritional changes have 

frequently been implicated as a trigger for laminitis, especially when the ration is high 

in carbohydrate (Vermunt & Greenough, 1994). A disturbance in the rumen function 

may offer a direct link with the production of toxic vasoactive substances. Maclean 

(1966) suggested that histidine in barley could be metabolised into a histamine or, 

trigger a histamine release. Weaver (1971) and Little & Kay (1979) also reported 

associations between barley in the rations of dairy cattle and followers and higher 

incidence of laminitis. 

High levels of protein in the ration have been implicated as a trigger for a laminitic 

episode. Manson and Leaver (1988b) found that there was an increase in the prevalence 

of laminitis associated lesions in dairy cows fed high protein rations. A possible link 

was suggested by Bazeley & Pinsent (1984) between the products of nitrogen 

degradation during heavy protein supplementation and laminitis. A comparison of the 

effect of feeding protein supplements, derived either from animal origin or Soya bean 

meal on the occurrence of lameness or sole lesions seen in dairy cattle was made by , 
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Offer et al. (1997). It was concluded that although sole haemorrhages indicative of 

subclinical laminitis were observed, the source of the dietary protein had no significant 

effect on the development of sole haemorrhages or lameness in the animals studied. 

Some workers have failed to fmd a defmitive link between increasing levels of protein 

and the presence of sole haemorrhages indicative of laminitis (Greenough, 1990). 

Although it is still possible for sudden, poorly managed increases in the levels of 

protein fed to dairy cattle to result in laminitis (Nilsson, 1963; Maclean, 1965; Weaver, 

1979). 

Excessive carbohydrate intake is widely believed to be the principle nutritional factor in 

the development of laminitis. The high carbohydrate load can lead to a lowering of 

ruminal pH due to lactic acid accumulation, which in turn alters the composition of the 

rumen microflora. Gram-negative organisms are replaced by largely Gram-positive 

organisms which further increase lactic acid levels (Dunlop, 1972). Dougherty et al. 

(l97Sb) and Nagaraja et al. (1978) reported that the bacteriolysis of the Gram-negative 

microbes resulted in the release of vasoactive endotoxin. The practice of 'steaming up' 

dry cows with rapidly increasing amounts of concentrate feed prior to calving and on 

into peak lactation has also be implicated as a cause of laminitis (Bergsten et al., 1986). 

However, not all workers have been able to confmn this relationship (Smit et al., 1986a 

and Frankena et aI., 1992). 

Housing and concrete surfaces 

Vermunt & Greenough (1996) examined the influence of housing dairy heifers in either 

an indoor concrete floored environment or outside on a dry lot system, and found that 
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the indoor housed heifers had a greater number of, and more severe, sole haemorrhages 

than heifers managed in dry lots. Bergsten & Frank (1996) found that autumn calving 

heifers fed a high concentrate diet and kept on concrete floors had the highest incidence 

of sole haemorrhages and that the type of floor had a greater influence than the level of 

concentrates fed. These workers concluded that the sudden change from being at 

pasture to being housed was a very significant factor in the development of sole 

haemorrhages. Wierenga & Hopster (1990) discuss the importance to dairy cattle of 

lying down. Chesterton et al. (1989); Col am-Ainsworth et al. (1989) and Greenough 

and Vermunt (1991) all suggest that abnormal lying behaviour and excessive standing 

may be possible risk factors for lameness in cattle. In a comparison of the behaviour of 

both first lactation and adult dairy cattle, while housed and at pasture, Singh et al. 

(1993) found that times spent lying and standing and the frequency of lying were 

related to the incidence of sole lesions. Firstly, Singh and co-workers found that the 

pattern of lying in all cattle varied greatly when they were at pasture as compared to 

when they were housed, with significantly less lying time during the housing period. 

Further analysis showed that the fIrst lactation cattle spent an even shorter time lying 

down than the multiparous cows. A possible reason for this change in behaviour may be 

that the heifers were unfamiliar with the cubicle housing or found it uncomfortable. 

Singh et al. (1994) suggested that straw yards were better than many cubicles for 

encouraging cattle to lie down for the periods of time which they apparently need to 

reduce the risk of lameness. Co 1 am-Ainsworth et al. (1989) carried out a comparison of 

two cubicle housed dairy herds, one of which had a high incidence of fIrst lactation 

lameness. In the herd with the high incidence of lameness the heifers spent 

significantly less time lying down and a greater number failed to use the cubicles than 

their contemporaries in the other herd. It was found that improving the comfort of the 
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cubicles by adding additional bedding meant that the heifers spent much more time 

lying down, so reducing the incidence of lameness. Not only is adequate bedding 

important to encourage the use of cubicles but so is freedom to move within the cubicle 

to ruminate, stand up and lay down. In an epidemiological study of design of cubicle 

housing on 37 commercial dairy farms in the U.K. Faull et al. (1996) found that 87 per 

cent of cubicles examined were too short and 50 per cent were too wide or too narrow. 

In addition to these fmdings it is important that sufficient numbers of cubicles are 

provided for all animals to lay down simultaneously. 

Hierarchy 

Singh et al. (1993) proposed that a further factor contributing to heifers' reluctance to 

lay in cubicles may be their being mixed with dominant cows. Dominance describes 

the phenomenon when between a pair of animals the behaviour of one may be inhibited 

by the other (Beilharz & Zeeb, 1982). Beilharz & Mylrea (1963) disproved the 

previously held theory that within a herd all dominance relationships were linear. 

Appleby (1983) was able to expand on this fmding by demonstrating circular 

relationships among cattle. An example of this is where cow A may be dominant to 

cow B and cow B dominant to cow C but cow C is dominant over cow A. Aggressive 

interactions between animals were not the only determinants of dominance and once the 

herd hierarchy had been established it is unlikely that overt aggressive interactions will 

continue (Beilharz & Zeeb, 1982). The difficulty for heifers arises when they are 

removed from their own stable group and have to establish themselves within the dairy 

herd. O'Connell et al. (1989) found age to be the prime determinant of rank, with most 

aggressive interactions taking place among the young animals of low social dominance. 
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Although other, often discrete, factors are likely to be of importance such as weight, 

girth size, the presence or absence ofhoms etc. Beilharz & Zeeb (1982) found that, in 

general, heifers remained low within the hierarchy of the herd although some 

individuals manage to achieve dominance over some cows through a series of 

aggressive encounters. F or most heifers this would mean frequent submission when 

challenged for food, lying area, order of entry to be milked and other such social 

activities; this may be, as Singh et al. (1993) suggested, a contributory reason to why 

heifers spend greater amounts of time standing and feed at times when the majority of 

the herd are lying down. 

Genetic factors 

It is possible that certain breeds of cattle have a greater predisposition to claw lesions 

associated with laminitis. Nilsson (1963) reported that Swedish Friesians were more 

often affected by such lesions than Swedish Red & White cattle. However, more 

importantly to Holstein Friesian dairy cattle is the likelihood that inherited differences 

in claw and body confrrmation may influence an animal's susceptibility to laminitis and 

other lameness causing lesions. Smit et al. (1986b) related the heritabilities of claw 

measurements for angle, length and heel depth with observed claw disorders. It was 

found that longer claws were genetically associated with higher total lesion scores and 

more sole ulcers. What the authors considered to be unclear was whether claw shape 

was a predisposing factor for or a result of a claw disorder. Eddy & Scott (1980) and 

Russell et al. (1982) found that there was a 21 per cent and 42 per cent incidence of 

claw lesions in abnormally shaped claws, respectively. In a review of predisposing 
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factors of laminitis in cattle Vermunt & Greenough (1994) refer to the vulnerability of 

animals to joint injury and claw problems when they had excessively straight legs. 

Characteristics other than conformation of the bovine claw also contribute to what may 

be collectively termed 'claw quality'. As it is generally believed that clinical lesions of 

the claw are the result of poor hom quality (Vermunt & Greenough, 1995) the rate of 

hom formation and loss, as well as the hardness of the claw hom, may be considered 

important factors in the prevention of lameness. Manson & Leaver (1988b) found that 

the trimming of cow's claws, as well as improving locomotion, caused a significant 

increase in the rate of hom growth, which the authors suggested may be due to some 

compensatory mechanism. On average it was found that during the 24 weeks of their 

study the rates of hoof growth declined slightly over time but the rates of wear 

decreased considerably. Manson and Leaver (1988b) also reported that trimming of the 

claws significantly reduced the hardness of the heel bulb, which improved the 

cushioning effect of the heel. Logue et al. (1994) failed to identify a significant effect 

of diet upon measurements of toe angle, toe growth and wear rates and mean hoof 

hardness. Equally, these measurements were not found to correlate with changes in 

locomotion and lesion scores. 

Phillips et al. (1996) suggested that the size of cows' 'hooves' may influence their 

ability to absorb shock, with larger sized hooves reducing the risk of lameness 

associated with excessive loading of the digits. A predictor of claw volume was found 

by measuring the length of the top of the claw along the coronary band. It was found 

that front claws were larger than hind claws with a front : hind claw volume ratio of 54 

: 46 per cent. This was not considered surprising as a greater proportion of the animals 
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body weight is borne on the front limbs. Phillips et al. (1996) also identified a limb 

asymmetry with diagonally opposite paired limbs. So for example the claws of the 

right fore and left hind limbs may be larger than those of the other two limbs. 

However, these workers did not confmn whether there was a relationship fOWld 

between claw volume and lameness. 

It is likely that the development of foot problems in heifers is multifactorial. This 

conclusion was supported by Smilie et al. (1996) when they reported a study to 

determine the prevalence of lesions associated with subclinical laminitis in fITst 

lactation Holstein cows. These workers fOWld evidence of claw lesions in all thirteen 

herds examined but the prevalence of these lesions differed among the herds and so it 

was concluded that the causative factors differed among the herds. The relative 

importance of each causal factor must be established by taking each farm as an 

individual case. 

1.2.6 The current situation for lame dairy cattle 

The recently published British Cattle Veterinary Association - Priorities for research in 

cattle disease (Jones, 1997) identified lameness as the highest priority for further 

research. Lameness is now recognised as a major problem in cattle practice because not 

only is the current estimate of the annual lameness incidence over 50 per cent but the 

situation does not appear to be improving. The 1997 FA WC report on the welfare of 

dairy cattle wrote "it is essential that action is taken to reduce significantly the 

prevalence of lameness ". Lameness has serious implications for the welfare of the 

animals and their ability to continue to thrive within the herd. Lameness also represents 
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a cost to the farmer economically and in terms of productivity. Dairy cows may display 

inappetence, a decrease in milk yield and fertility, loss of body condition and a descent 

in the herd hierarchy during an episode of lameness. Preventive measures do not seem 

to be making an impact on lameness in general because of its multifactorial nature. 

Laminitis, especially subclinical laminitis, is of particular relevance because not only 

does it influence future health of the cows feet but it often goes undetected. As Logue 

et al. (1994) reported it is likely that the lesions on the sole are the result of trauma to 

the laminae which took place possibly three months previously. This often means that 

on the farm, the link between laminitis events and the lesions seen later, such as sole 

ulcer and white line disease, may not be made with the result that preventive measures 

are aimed at the secondary rather than the primary stage of the disease. 

A stockperson' s perception of lameness is likely to influence at what point treatment is 

sought for an animal. This makes the assumption that the severity of the lameness 

observed bears a direct relationship to the severity of the lesion causing lameness. 

Historically clinical treatment of lame cattle has been considered as a one visit job. 

Where possible this is better for the cow and more suited the management of the herd. 

However, a side effect of this policy has been that sometimes farmers have been 

reluctant to solicit further treatment for an animal which continues to display signs of 

lameness. F or many lameness lesions, especially those of a digital origin, there is no 

immediate cure. However, after treatment the cow is still expected to maintain her 

position within the herd, to compete for food and to be capable of walking considerable 

distances to reach food having undergone major invasive treatment of the claw which 

has of necessity compromised it's structural integrity. 
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1.3 PAIN 

1.3.1 The history of pain 

Pain represents an area of medicine where there is a strong relationship between the 

body and the mind. The difference between the words pain and suffering illustrates this 

when Rey (1995) suggests that suffering refers to the patient while pain is a 

quantification of this suffering. During early twentieth century medicine pain, although 

acknowledged as an intrinsic part of illness, was frequently dismissed as being of 

secondary importance. As a result treatment of illness was practised with greater 

enthusiasm than patient care. 

Throughout history the origins, causes and mechanisms of pain have been a source for 

many philosophical treaties. In ancient medicine the brain was not considered to have a 

role in the mediation of sensations. Aristotle considered that only the heart was 

involved with feelings of pain, an idea which originated in ancient Egypt. Plato gave 

greater credit to the brain proposing that the crude feelings mediated by the heart and 

the liver were converted into ideas and reason by the brain. Plato considered pain and 

pleasure to be the two great extremes of evil of the soul. He observed that "For when a 

man is overjoyed, or contrariwise suffering excessively from pain, ... , he is unable to 

see or hear anything correctly, and he is at such time distraught and wholly incapable of 

exercising reason". Pain at this time was not attributed any physiological basis but was 

considered in a purely emotional context. Aristotle introduced the concept of the five 

senses and although pain was not one of them he presented pain as a "passion of the 

soul". In Aristotle's concept of pain (Hardy et al., 1952) it was recognised as an 
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affective experience in a similar manner to sadness or bitterness. These basic concepts 

of pain were subscribed to throughout the middle ages and right up to the Renaissance. 

By the time of the Renaissance the brain had been recognised as being of great 

importance in the all aspects of body function. Leonardo da Vinci drew an anatomy of 

sensation (MacCurdy, 1938) based on his own fmdings during dissection of the brain. 

In his drawing da Vinci placed the sensorium commune in the middle one of the three 

ventricles which he had observed to make up the brain. This site was chosen because 

during dissection da Vinci observed that all the cranial nerves appeared to emanate from 

the 'middle ventricle'. In contrast a seventeenth century innovator called van Helmont 

chose the stomach as the seat of the soul and the sensorium commune (Keele, 1962). 

Although van Helmont was the fIrst to try to rationalise visceral pain his theories were 

not able to extend to other forms of pain. Descartes constructed an imaginary model of 

the human body in which he represented man as a machine. In L 'Homme (cited by 

Melzack & Wall, 1965) Descart proposed what may now be described as a pain 

pathway when he described a single 'thread' connecting the site of peripheral injury 

with the brain. Descartes also related the intensity of the pain to the grade of the 

stimulus. 

The 18th century or the Age of Enlightenment went on to assimilate the many concepts 

of pain proposed during the Renaissance. Physiology began to playa major part in 

studies which acknowledged the existence of pain pathways. Two physiologists Haller 

and Charles Bell (cited by Keele, 1962) explored the associations between neuro

anatomy and pain. Haller mapped out the sensitivity of various parts of the body and 

correlated the level of sensitivity with the richness of the nerve supply. While Charles 
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Bell made a great advance in the study of pain pathways when he differentiated 

between the anterior and posterior spinal nerve roots with recognition of specific 

sensory function in the posterior roots. Bell continued his studies and eventually 

presented the idea of the specificity of sensory nerves for different sensory modalities. 

Later evidence was found of a crossed afferent tract demonstrating the contra-lateral 

relationship between the stimulus and the activated side of the spinal cord. The fIrst 

cordotomy for the relief of pain was performed in 1911. 

The wealth of neurological and physiological information lead to the evolution of a 

number of pain theories described by Melzack & Wall (1991). Three major theories 

emerged; specificity, pattern and the affect theory of pain. The specificity theory 

proposed a specific pain system which carried messages from pain receptors in the skin 

to a pain centre in the brain. This theory was deduced by a physician called Max von 

Frey in the late 19th century. Von Frey reasoned that, as free nerve endings were the 

most commonly found and pain could be induced almost anywhere by applying a 

stimulus to the skin, then the free nerve endings were the pain receptors. There was 

however some reluctance by scientists of the time to accept the implication of the 

specificity theory that, due to the direct connection between the pain receptor and the 

brain, then stimulation of the receptor must always and only elicit pain. The pattern 

theory initiated by Goldscheider, again in the late 19th century, proposed that stimulus 

intensity and central summation were the critical determinants of pain. After 

observations of the effects of repeated noxious stimulation Goldscheider was moved to 

conclude that mechanisms in central summation, probably in the dorsal horns of the 

spinal cord, were a part of the mechanisms of pain. The persistent pain which was 

observed in association with pathological pain states was assumed to be due to 
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abnormally long time periods of summation. The affect theory of pain, departed from 

the arguments of the physiologists and viewed pain as a purely emotional quality. As 

such, pain was considered to go beyond being just a sensory quality but was believed to 

act as a stimulus to compel sufferers to take the most effective course of action to stop 

it. 

The Gate-Control theory, published by Melzack & Wall (1965) was in part an attempt 

to combine the concepts proposed in the three previous theories. Certainly Melzack and 

Wall began to marry the idea of pain as a physiological mechanism and an emotional 

state. 

Melzack & Wall (1991) explain the evolution of their gate-control theory and list 

several factors which any new pain theory should attempt to explain. 

1) The relationship between injury and pain is highly variable. 

2) Innocuous stimuli may produce pain. 

3) The location of pain may be different from the location of damage. 

4) Pain may persist in the absence of injury or after healing. 

5) The nature and location of pain changes with time. 

6) Pain is not a single sensation but has many dimensions. 

7) There is no adequate treatment for certain types of pain. 

The gate-control theory introduced a more complex view of the pain pathway which 

involved the existence of facilitatory and inhibitory mechanisms at all synaptic 

junctions. Wall (1960) found that the cells in the dorsal hom region fired a prolonged 

burst of impulses when the input volley from the peripheral nerve fibres was only very 

brief. As a result it was considered that facilitatory cells were to be found in the region 

of the spinal cord. This was also supported by the finding of Mendell & Wall (1965) 
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that, if the input volley was repeated at regular intervals, then the discharge of the spinal 

cord cells became more and more prolonged. Initially it had been thought that the cells 

of the spinal cord responded only to small diameter, high-threshold nerve fibres, such as 

the small myelinated A-o fibres, terminating mostly in lamina I but also partially in 

laminae II and V, and unmyelinated C fibres, the terminals of which were mostly 

located in lamina II. However, Wall (1960) found that cells within the spinal cord were 

also excited by large, low-threshold myelinated afferent fibres. Subsequent to the 

presentation of the gate-control theory it was found that the spinal cells which received 

inputs from small, high-threshold nerve fibres and the large, low-threshold fibres were 

the cells most commonly found to signal injury (McMahon & Wall, 1984; Yaksh, 

1986). The cells respond to a light touch of the skin and also demonstrate an increase 

in frequency of response as the stimulus on the skin increases. As a result Mendell 

(1966) called the cells and their associated neurones wide-dynamic range (WDR). 

There were also found to be two further types of cells within the spinal cord which were 

active within the pain pathway. Neurones and cells which responded only to noxious 

stimulation were called nociceptive specific (Sorkin, 1989). The third group of cells 

responded only to low intensity pressure stimuli. The gate-control theory proposed that 

pain would result if the fIring rate of any of these neurones and cells exceeded a critical 

level, which it was suggested would be determined by the brain. Pain related 

behaviours were shown to correlate better with fIring in WDR neurones than in 

nociceptive specific neurones (Le Bars et al., 1979). 

The existence of mechanisms for the modulation, by inhibition or excitation, of the 

synaptic transmission of nerve impulses from peripheral fibres to central cells was 

reasoned to take place in the substantia gelatinosa (lamina I & II). The substantia 
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gelatinosa was found to be a densely packed layer of small cells which formed a 

functional unit extending the length of the spinal cord in the dorsal hom close to the 

cells of the spinal cord. As a result Melzack and Wall (1965) suggested that the 

substantia gelatinosa acted as a gate-control system between the periphery and the 

spinal cord. In addition, descending effects of the brain were shown by Hagbarth & 

Kerr (1954) to change sensory messages travelling from the spinal cord to the brain. 

Wall (1967) showed that the continuous descending flow from the brain stem to the 

spinal cells had an inhibitory function. It was concluded that a loop from the spinal 

cord to brain and back to spinal cord existed, with ascending messages to the brain 

having some influence on the descending controls. By acknowledging a flow of 

impulses to and from the brain, Melzack & Wall (1965) allowed the brain, and 

consequently factors of affect such as previous experience and emotional state, to have 

a role in the modulation of the pain pathway. Figure 1.2 illustrates the connections 

between the peripheral noxious stimulus, spinal transmission and central processing. 
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Figure 1.2 The pathway through which noxious peripheral input is consciously 
perceived; the relationship between the magnitude of peripheral injury and sensory 
perception of pain can be poor due to the 'amplification' of the sensory input from the 
periphery. This phenomenon is referred to as central sensitization. 
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1.3.2 The mechanisms of pain - Chronic pain 

Chronic pain is rarely a condition of permanent pain at rest; but rather it involves 
hyperalgesia, which causes ordinary loads of daily life to become painful stimuli. 

(Reeh & Sauer, 1997) 

The variability in the relationship of tissue injury to pain sensation seems to be a 

fundamental property of the pain system, often with adaptive and desirable 

characteristics. However, when the system runs out of control it results in suffering 

which may be referred to as pathophysiological pain. Devor (1996) described three 

basic pathophysiological pain processes; peripheral sensitization, neuropathic pain and 

central sensitization. 

Peripheral sensitization is thought to be primarily induced by inflammation and local 

tissue damage. The peripheral nociceptor fibres respond to local chemical stimulation 

and become sensitized to chemical, thermal and mechanical stimuli. Levine et al. 

(1993) reported that during inflammation, blood vessels became leaky due to the action 

of some chemical mediators so that other mediators were able to gain entrance from the 

vasculature in a cascade like process. The tissue damage generated the synthesis of 

arachidonic acid metabolites from adjacent membranes as well as the precursor of 

bradykinin and the release of peptides such as substance P and calcitonin gene-related 

peptide (CORP) which all contributed to what has become known as the 'inflammatory 

soup'. The interactions are no longer believed to be limited to chemical messengers but 

involve products of the immune cells, microvessels and peripheral neurones, both 

sympathetic and sensory (Dray & Bevan, 1993). Some of these interactions are 

illustrated in figure 1.3. 
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bradykinin ___ _ 
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substance P 
~ blood 

sensory nerve d ·l t· vessels -+ CGRP vasa 1 a ton., 

T ~ substance P 

PGs H+ 

,--________ bradykinin 

sympathetic nerve 
------~ -------

Figure 1.3.. Interactions between the products of the inflammatory response and 
peripheral neurones (sympathetic and sensory) during inflammatory hyperalgesia. 
Key: CGRP calcitonin gene-related peptide; COX-2 cyclooxygenase enzyme 2; 5-HT 
5-hydroxytryptamine; NGF nerve growth factor; PGs prostaglandins. 

(compiled from Dray & Bevan, 1993) 
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The results are the widely recognised signs of inflammation; tenderness, pain, swelling 

and heat. At the peripheral site hyperalgesia develops in two forms. Primary 

hyperalgesia occurs within the damaged tissue but hyperalgesia may also be detected in 

normal undamaged tissue outside the area of the injury. This sensitivity in undamaged 

tissue is known as secondary hyperalgesia, fIrst reported by Lewis (1935). 

Hyperalgesia, described by LaMotte et al. (1991), is characterized by a lowered pain 

threshold and increased pain to normally painful stimuli. In certain cases non-painful 

stimuli such as touch may also evoke a pain response. This is referred to as allodynia. 

The second pathophysiological pain discussed by Devor (1996) arises when otherwise 

normal sensory neurones become hyperexcitable and begin to discharge in abnormal 

locations. The major sites of this abnormal fIring are sites of nerve injury. So this 

phenomenon has been referred to as neuropathic pain. Neuropathic pain has been 

poorly understood and very difficult to treat. It now appears that the injury to the axon 

is detected by the sensory cell body in the dorsal root ganglion. This results in a change 

in the metabolism of the sensory neurone with particular reference to the manufacture 

and distribution of ion channels and membrane receptors which are responsible for 

generating sensory impulses (Devor, 1994). 

The fmal major pathophysiological pain process is increased gain or amplification in 

the spinal cord and brain processing circuits. This amplification has been called central 

sensitization. In 1983 Clifford Woolf published experimental evidence, following 

studies in rats, that the recognised long-term consequences of noxious stimuli resulted 

from central as well as peripheral changes. Woolf (1994) described how these central 

changes, taking place as a result of peripheral tissue damage, manifested themselves. 
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1. A reduction in stimulation threshold, with the result that the neurones no 

longer required a noxious stimulus to be activated. 

2. An alteration in the temporal pattern of the response, so that a transient 

stimulus now evoked a sustained burst of activity. 

3. An increase in the general responsiveness of the motor neurones, so that a 

noxious stimulus produced a greater effect. 

4. An expansion of the receptive field, with the result that responses were evoked 

over a much wider area. 

Peripheral hyperalgesia is involved in the induction of central hypersensitivity in the 

spinal cord. There is evidence that a block or reduction in the nociceptive messages 

generated by the periphery prevents some of the central changes from taking place. 

Todd & Spike (1993) identified that most of the neurotransmitters and receptors 

implicated in the pharmacological transmission of pain present in the CNS are also 

present in the spinal cord, primarily in the region of the dorsal horn. The substantia 

gelatinosa is the site of the greatest concentration of these neurotransmitters which are 

released in response to activity in afferent fibres, local intrinsic spinal neurones or 

descending fibres from the brain. Dray et al. (1994) discusses the role of excitatory 

amino acids glutamate and aspartate and a number of peptides including substance P, 

CGRP, somatostatin , neuropeptide Y and galanin in nociceptive transmission in the 

dorsal horn. Substance P is a peptide related to the neurokinin family and is located in 

C-fibres. There are currently three receptor subclasses for these peptides and substance 

P is known to be the transmitter at the neurokinin-l receptor (Otsuka & Yoshioka, 

1993). Duggan et al. (1988) found that the release of substance P and a related peptide, 

neurokinin A increased after peripheral inflammation. It is has been suggested that the 

up regulation of substance P in the presence of inflammation may provide a mechanism 

which allows the N-methyl-D-aspartate (NMDA) receptor for excitatory amino acids to 
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become more easily activated (Dickenson, 1994). Another peptide known to be 

released by noxious stimuli and to have an excitatory effect on the dorsal hom neurones 

is CGRP. The rOle of CGRP is not fully understood but it appears to facilitate the 

diffusion of substance P to larger areas of the dorsal hom. 

Dickenson (1996) reported that the excitatory amino acids glutamate and aspartate are 

of great importance in the transmission of acute and chronic pains. Glutamate is 

present in most neurones of the brain and the spinal cord as an excitatory transmitter. 

Battaglia & Rustioni (1988) found that many peripheral sensory fibres contained 

glutamate and aspartate, as well as 90% of substance P containing fibres also containing 

glutamate. As a result it has been hypothesised that both peptide and excitatory amino 

acid transmitters co-operate to activate spinal nociceptive pathways. A number of 

receptors are available to glutamate. Of particular interest is the NMDA receptor which 

mediates the actions of glutamate. A rOle for the NMDA receptor in spinal 

transmission of pain was reported by Woolf & Thompson (1991) who found that 

NMDA antagonists reduced central sensitization. Subsequent work (Dickenson 1994; 

Price et af. 1994) has further elucidated the activities of this receptor. When the NMDA 

receptor's ion channel is open it causes an increase in excitability and firing of the 

dorsal hom neurones by flooding them with calcium. In this state the rate of firing of 

the neurones exceeds that produced by all other receptors. In normal circumstances the 

ion channel is blocked by physiological Mg ++ to prevent this excessive neuronal firing. 

The result of this block is that glutamate alone is not sufficient to activate the neurone 

via the NMDA receptor. Activation of the NMDA receptor requires repeated 

depolarization which is brought about by maintained or increased frequency and 

intensity of stimulus transmitted from C-fibres and facilitated by excitatory amino acids 
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and peptides. The activated NMDA receptor amplifies the response to the stimuli and is 

believed to under-pin central hyperalgesia. 

After Woolf (1983) found evidence for central spinal hypersensitivity in rats, 

Dickenson (1990) went on to observe that repeated, constant intensity C-fibre 

stimulation could produce the phenomenon of 'wind-up'. In which dramatic increases 

in the response of certain dorsal hom neurones occur despite a lack of change in the 

input into the spinal cord. Wind-up can increase the responsiveness of the dorsal hom 

neurones by up to 20 fold in both magnitude and duration and responses continue even 

after the peripheral input has stopped. This has been considered the basis for centrally 

generated hyperalgesia. The clinical implications of this phenomenon have been 

illustrated by Taddio et al. (1997) and Ley et al. (1989). Taddio and co-workers 

examined the effect of neonatal circumcision on the pain response observed during a 

subsequent routine vaccination. The vaccination of the babies was carried out either 

four or six months after circumcision and it was found that those babies which had been 

circumcised displayed a greater pain response to vaccination than those babies which 

had not undergone circumcision. Ley et al. (1989) detected hyperalgesia in sheep which 

had been lame three weeks previously but were no longer clinically lame. 

The NMDA receptors have been implicated in wind-up as their mechanism results in 

the amplification and prolongation of nociceptive activity. Further evidence for the role 

of NMDA receptors is that wind-up has been shown to be sensitive to a range of 

NMDA antagonists and channel blockers (Dickenson, 1996). Further contributions to 

the genesis of spinal hyperalgesia have been proposed involving nitric oxide (NO) and 

prostanoids which are centrally generated. As calcium enters neurones after activation 
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of NMDA receptors, many other calcium dependant enzymes are also activated 

including nitric oxide synthase and phospholipases. Nitric oxide synthase generates NO 

which acts as a freely diffusible transmitter required for wind-up. Meller & Gebhart 

(1993) suggested that NO provides a positive feed back which increases the release of 

C-fibre transmitters and consequently further enhances pain transmission. The enzyme 

phospholipase breaks down arachidonic acid metabolites to produce prostanoids which 

are established mediators of pain at the peripheral inflammatory site. The central 

release of pro stano ids suggests a possible central function for non steroidal anti 

inflammatory drugs (NSAIDs). The role of NSAIDs is discussed in greater detail in 

section 1.3.4. 

1.3.3 The measurement of pain 

The assessment of pain in animals can be difficult because many species have their own 

characteristic pain behaviours and it is also likely that individual pain behaviours vary 

within species. Observation of the behavioural signs of pain are frequently used, and 

scored, to assess the degree of clinical discomfort and the efficacy of any administered 

analgesia. Nociceptive threshold testing techniques have been used in experimental 

situations for the assessment of analgesics (Pippi & Lumb, 1979; Main et aI., 1995) and 

also in clinical situations for the assessment of hyperalgesia (Chambers et al., 1994; Ley 

et al., 1989). A further method used in the experimental assessment of pain in animals 

has been to allow self selection of analgesics, usually combined with feed (Danbury et 

al.,1997). 
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Behavioural observation and scoring of pain 

Recognition of pain in cattle is difficult: it is a survival advantage for cattle to attempt 

to conceal pain as pain behaviour would single an individual out as the weakest member 

of a herd making it most vulnerable to predators. A number of pUblications discuss the 

signs of pain in cattle (Sandford et aI, 1986; Loeffler, 1984), and refer to the dull, 

depressed appearance of cattle in pain. Also seen are inappetence, weight loss, a sudden 

drop in milk yield, rapid, shallow respiration and a violent reaction to handling or a 

rigid posture taken on to immobilise a painful region. When considering lameness, 

specific indicators may be observed even in the stationary animal such as a reluctance to 

bear weight on a specific region of the foot. Cattle often lift the affected claw 

repeatedly while standing motionless and show a marked reluctance to move. 

Difficulty in recognising animal pain is not restricted to cattle. Spinelli & Markowitz 

(1987) suggest that if an animal is displaying signs consistent with pain or discomfort 

then it should be assumed that the pain is not tolerable and pain relief given. "Thus, if 

one is in error, the error should favour the animal". For studies of pain it has been felt 

necessary to quantify assessments of pain and for this reason a number of scoring 

systems have been developed. In human studies self reporting of pain and pain 

behaviours have been frequently used (Fordyce et al., 1968 ; Richards et al., 1982). 

Many approaches have been used including encouraging patients to represent the 

severity of their pain by placing a mark somewhere along a ten centimetre line in the 

manner of a visual analogue scale (VAS) (Carlsson, 1983). Recently the validity of self 

report of pain and observation of pain behaviours in human subjects has been brought 

into question. Jensen (1997) suggested three major problems with validation of self 
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report scales and their relationship with observed pain behaviours. Persons with 

chronic pain are not accurate informants, self report of pain is influenced by 

environmental factors (including whether a spouse is present at the time of report) and 

self report scales and observation scales do not compare well together. 

In the scoring of animal pain misleading self report is not a direct problem. However 

an individual which has previously gained attention through vocalising may use this 

strategy to draw attention to pain while a contemporary of the same species and with 

the same condition has not learnt this behaviour. Equally those herd species which gain 

survival advantage from the deliberate concealment of pain may mislead the observer. 

Scores of pain behaviours have been used in animal studies, descriptive scales have 

been used by Taylor & Houlton (1984) and Waterman & Kalthum (1989) while Reid 

and Nolan (1991) used a VAS for scoring pain and sedation in animals. Lascelles et al. 

(1994) used both VAS and a discontinuous numerical rating scale (NRS) for the 

assessment of postoperatively administered carprofen and pethidine in dogs. The scores 

were allocated after examining the dogs behaviour visually and observing responses to 

palpation, a technique proposed by Waterman & Kalthum (1989). The VAS ranged 

from 'no pain' to 'worst pain possible' while the NRS had 4 points: 0 - complete 

analgesia, with no overt signs of discomfort and no reaction to firm pressure. 1 - good 

analgesia, with no overt signs of discomfort but reaction to firm pressure. 2 - moderate 

analgesia, with some overt signs of discomfort but reaction to firm pressure. 3 - no 

analgesia, with obvious signs of persistent discomfort made worse by firm pressure. 

Lascelles et al.(1994) found a similar pattern of results in both the discontinuous scale 

and the VAS but felt that the VAS allowed a more sensitive measure over time. Wood 

et al. (1991) used behavioural assessment to measure the effect of tail docking and 
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castration in young lambs. Rather than using a graded scale these workers defined four 

specific types of behaviour including lateral recumbency, ventral recumbency, standing 

and walking and teat seeking. The behaviours were expressed as the percentage seen 

out of the total number of observations made. The authors argued that this type of 

index is potentially useful in the quantitative measurement of pain. Holton et al. (1997) 

proposed the development of a multi-dimensional scale for the assessment of pain in 

dogs to allow greater objectivity in the such assessments. This would involve making 

use of a whole range of pain related behaviours, the expression of which may vary 

between individuals. 

Nociceptive Thresholds 

The testing of nociceptive thresholds, also termed algesiometry, is a measure of the 

responsiveness of animals or humans to a noxious stimulus. The technique may be used 

to record changes in nociceptive threshold associated with physical injury or surgical 

trauma. In these circumstances an individual would demonstrate an increased 

sensitivity to noxious stimuli, being observed to respond to the stimulus sooner than 

would be expected in a normal subject. The decrease in nociceptive threshold is 

referred to as a demonstration of hyperalgesia; an exaggerated sensitivity to pain. The 

term hypersensitivity is often used with reference to increased responsiveness to a 

stimulus. This term does not necessarily refer specifically to pain but to an abnormally 

strong response to the action of any external agent. 

The technique of nociceptive threshold testing has been widely employed in the 

evaluation of analgesic drugs and the study of endogenous analgesia. In the presence of 
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analgesic activity the response to noxious stimuli may be expected to increase above 

that considered normal for the species or the individual. This increase in threshold may 

be referred to as hypoalgesia. 

Care must be taken when applying a noxious stimulus to both animals and humans to 

avoid causing excessive damage, distress or suffering. Beecher (1957) described the 

general requirements for an 'ideal' method for producing painful stimuli which are 

paraphrased below. 

a) The stimulus should be applied to a part of the body where variations 

among individuals are minimal and where the measurements can be 

closely associated with the changes which produce pain. 

b) The stimulus should provide quantitative data and should not result in 

tissue damage at pain threshold levels. 

c) There should be a relationship between the intensity of the stimulus 

and the intensity of the pain experienced. 

d) A range of quantifiable stimulus intensities should be available. 

e) The stimulus should be repeatable without the repetition of tests 

interfering with subsequent determinations. 

f) Application of the stimulus should be easy with a clearly identified 

endpoint. 

g) The stimulus should achieve quantitative determination of each pain 

quality when more than one are present. 

h) The stimulus should have sufficient sensitivity so that agents of low 

analgesic power can be detected. 

i) A differentiation among graded doses of an analgesics should be 

achievable. 

j) The stimulus should have equal applicability to both man and animals. 

In addition to these requirements, Chambers et aZ. (1994) suggested 
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k) The stimulus should be stopped by the animal's response. 

1) The stimulus should enable the observer to distinguish between perception of 

the stimulus from purely reflex responses. 

m) There should be a fail safe incorporated into the equipment. 

Nociceptive threshold testing is now widely employed in both man and animals 

although modes of stimulus and methods of quantification differ. The principle of 

applying a noxious stimulus in a quantifiable manner originated as the application of 

pressure to the skin epithelium in man. Horse hairs of differing diameter were pressed 

against the skin and the weight applied in order to bend the hair and produce a painful 

stimulus was the quantifiable measure. In man, pain is usually experienced above 

40g/mm2
• Goldscheider (1884) and von Frey (1897) were the fIrst to attempt to 

quantify evoked pain in man and the equipment they used has subsequently become 

known as von Frey hairs. An adaptations of the von Frey technique was reported by 

Seevers & Pfeiffer (1936) who stimulated the eyelids and lips of human subjects. 

Since von Frey many methods for the testing of nociceptive thresholds have been used. 

These have been based around the use of either thermal, mechanical, electrical or 

chemical stimuli. The stimulus may be applied phasically or in a constant, tonic, 

manner. The response elicited can be species dependant, often demonstrated as normal 

avoidance behaviour, as well as operant learnt behaviours or verbal reports. 

Table 1.5 reviews the various techniques used in nociceptive threshold testing and 

algesiometry. Many of the earliest studies using a thermal stimulus relied on direct skin 

contact either through a heated object being applied to the skin or immersion of an area 

of skin in hot water. Subsequently radiant heat was introduced as a stimulus and more 

recently infra red laser has been employed. Methods of thermal nociceptive stimulus, 
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both radiant and contact, have also been used in studies of neurophysiology. Casey & 

Morrow (1983) used a skin thermode to establish the relationship between neural and 

behavioural stimulus - response functions in cats. The Von Frey hairs have been the 

classic method of applying a mechanical stimulus to the skin. From this starting point 

many methods of applying mechanical pressure as a nociceptive stimulus have 

developed. Some of the early techniques were uncontrolled and resulted in tissue 

damage being inflicted on animal subjects. Indeed, Friend & Harris (1948) found signs 

of swelling and soreness developing at the test site in some subjects. 

Electrical stimulation has a long history of use in the study of pain and analgesic 

efficacy in both man and animals. Goetzl (1946) suggested that the use of sites on the 

skin for electrical stimulation could be unreliable since other afferent systems would be 

inevitably stimulated in addition to the pain pathways. Goetzl also pointed out the 

influence of variables such as temperature, humidity and circulation, all of which are 

difficult to control. Maresca and Faccani (1983) produced a critical appraisal of the 

measurement of pain by electrical stimulation applied to areas of skin and concluded 

that it had particular relevance for clinical examination. Electrical stimulation of tooth 

pulp has frequently been used during nociceptive testing. Mumford & Bowsher (1976) 

reported that teeth are innervated by both Ao and unmyelinated C fibres which implied 

that teeth are equipped with the neural pathways suited for pain perception. 

The use of chemical substances as nociceptive stimulants applied topically, 

intradermally, or intraperitoneally have been widely described. Dubiusson & Dennis 

(1977) argued that the application of a chemical substance had two main advantages 

over thermal, mechanical or electrical nociceptive stimuli used in rats and cats; 
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1) Little or no restraint is necessary, permitting unhindered observation of 

the complete range of behavioural responses. 

2) The pain stimulus is continuous, or tonic, rather than transient, thus 

bearing greater resemblance to most clinical pain. 

However, the animal has no control over the stimulus and is unable to terminate the 

stimulus when it is perceived as being noxious. 

Table 1.5 A review of techniques employed to carry out tests of nociceptive threshold 
and analgesic efficacy 

Reference 

Schmacher et 
ale (1940) 

D'Amour & 
Smith (1941) 

Goldstein & 
Malseed 
(1979) 

y oburn et ale 
(1985) 

Method of 
Nociceptive 
Stimulation 

radiant thermal 
stimulation 

TFL Test 
(radiant thermal 
stimulation) 

TFL Test 
(radiant thermal 
stimulation) 

TFL Test 
(radiant thermal 
stimulation) 

Description of Stimulus 

Focused a constant intensity light 
beam on a blackened spot on the 
forehead of human subjects. The 
beam was directed onto the 
forehead for 3 sec. periods which 
were repeated with increasing 
intensities until the subject 
perceived the stimulus to be 
noxious. 

Shined a light continuously on to 
the tip of a rats tail which was 
restrained in a grooved board 

Used radiant heat to elicit a tail 
flick response in cats 

Employed increases in the 
intensity of radiant heat to assess 
the graded & quantal nature of 
analgesia in rats. 
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Results I Comments 

An area of skin was blackened 
in order to standardize any 
variability in the skin of the 
subjects. 

The endpoint was a tail twitch 
which was referred to as the 
threshold and recorded in terms 
of latency to response 

The technique was used in the 
assessment of opioid drugs. A 
maximum cut-off point was 
required to avoid causing tissue 
damage in analgesed animals. 

Assessment was made using 
morphine & methadone 
administered at varying doses 
and by differing routes. 
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Pippi & Lumb radiant thermal Used a fixed intensity radiant Latency to response was used 
(1979) stimulation heat stimulus applied to a to test analgesic substances 

blackened area of skin just above such as fentanyl, meperidine, 
the coronary band of ponies. The methadone, oxymorphone, 
endpoint of the test was a leg lift pentazocine & xylazine. 
directed away from the heat 
source. 

Kamerling et radiant thermal Applied a radiant heat stimulus to A reflex contraction of the 
al. (1985) stimulation blackened areas of either the cutaneous trunci muscle was 

fetlock or a region of the withers used as the endpoint response 
of horses. This technique was as opioids can produce 
used for the assessment of opioid locomotor stimulation in 
analgesics in horses. horses. Latency to response 

was used but also a mean skin 
temperature of 45.3°C was 
reported at the time of skin 
twitch. 

Mor& radiant thermal Directed an infra red laser beam This system allowed 
Carmon stimulation onto the skin of humans as a application and control of the 
(1975) source of radiant heat stimulus remotely from the 

stimulation. subject. 

Jarvis et al. radiant thermal Used a CO2 infra-red laser to test The repeatability of this 
(1996) stimulation the thermal nociceptive technique was influenced by 

thresholds of sows during the skin pigmentation, hair 
peri-parturient period. thickness & skin temperature 

variations. Special care was 
also required to avoid injury to 
the skin and eyes of both the 
subjects and observers. 

Woolfe & conductive Placed mice on a 'hot plate' held The endpoint was defined as 

MacDonald thermal at a constant temperature. when the mouse raised, kicked 

(1944) stimulation or licked its hind feet. 

Ben Bassat et conductive Used a hot water bath kept at a 
al. (1959) thermal constant temperature to test the 

stimulation withdrawal latency of the tails of 
rats and mice which had been 
suspended in the water. 

Luttinger conductive Measured the latency to tail This was a reversal of the 

(1985) thermal withdrawal of rats & mice when approach employed by Ben 

stimulation their tails were suspended in hot Bassat et al. (1959). Luttinger 

water of different temperatures. felt this method gave a greater 
sensitivity of response which 
allowed differentiation between 
the activity of narcotic 
analgesics. 
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Pippi & Lumb conductive Implanted a subcutaneous It was proposed that the 
(1979) thermal heating element on the midlateral implanted device would allow 

stimulation surface of the radius to test the measurement of 'deep 
analgesics in ponies. The pain'. 
endpoint response was the 
movement of a limb. 

Nolan et al. conductive A ramped thermal stimulus was The device was used to study 
(1987) thermal applied directly to the pinna of the effects of antinociceptive 

stimulation the ear of sheep attached using an drugs in sheep. The response 
ear clip. A shake of the ear or threshold in normal sheep 
head terminated the stimulus and showed a low variability at 
the point of response was around 55DC. 
expressed in DC. An automatic 
cut-off was initiated to avoid the 
risk of tissue damage. 

Price et al. conductive Applied a constant intensity heat The heat stimulus was felt to be 
(1977) thermal stimulus directly onto the skin of noxious at temperatures 

stimulation humans. between 45 -51 DC. 

Chery-Croze cold stimulation Used the 'cold pressor test' A linear relationship was found 
(1983) which produces a burning pain by between the application of a 

the immersion of the hand or cold stimulus and the intensity 
fmgers into iced water. of the thermal pain 

experienced. 

Bromage et cold stimulation Used the cold pressor model for 
al. (1980) the evaluation of analgesics. 

Craig & cold stimulation A combination of innocuous The equipment used was a 
Bushnell warm and cool stimuli applied modification of Thunbergs 
(1994) simultaneously to human skin thermal grill illusion first 

produced a sensation of strong reported in 1896. Craig & 
heat comparable to the burning Bushnell reported that the 
sensation of cold pain. integration of ascending 

sensory pathways for pain and 
temperature was the reason for 
the thermal grill illusion. They 
suggested that this also 
explained the burning sensation 
associated with cold pain. 

Green & mechanical Developed a quantifiable method The response was taken to be 

Young (1951) stimulation for applying a controlled and when the rat struggled or 
uniform pressure stimulus to the squeaked; the pressure being 
tails of rats. A syringe plunger applied to the tail at that point 
was connected to a mercury was recorded from the 
manometer and a second syringe. manometer. 
The syringe plunger was pressed 
onto the rats tail by applying 
pressure to the second syringe. 

Kerr et al. mechanical Used response to a needle prick 
(1972) stimulation applied to the flank of horses to 

evaluate the sedative effect of 
xylazine. 
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Collier (1962) mechanical Applied a mechanical toe pinch This method (and that of Kerr 
stimulation to guinea pigs as a method of et al. (1972» were not 

testing analgesic drugs. quantifiable. 

Nolan et al. mechanical Developed a device consisting of The technique was developed 
(1987) stimulation a pin, hand-driven mechanically as a quantifiable method for 

via a Bowden cable, that exerted measuring the antinociceptive 
pressure against the front of the drugs in sheep. The device was 
radius of sheep. found to elicit a clear and 

repeatable response. 
As the device was hand driven 
the rate of stimulation could not 
be considered constant 
throughout and between tests. 

Hamlin et al. mechanical Applied mechanical pressure to 
(1988) stimulation the toes of dogs using a variation 

of the device described by Nolan 
et al. (1987). 

Chambers et mechanical Again described equipment 
al. (1994) stimulation similar to that of Nolan et al. 

(1987). The updated design used 
a pneumatically driven pin so the 
rate of stimulation could be 
constant and repeatable. 

Dodds et al. electrical Applied electrical stimulation to The response was taken to be 
(1945) stimulation the paws of rats by passing a the rat jumping and the 

current through copper wires in threshold recorded in terms of 
the floor of the rats' cage in order the distance between a primary 
to evaluate the analgesic effects positively charged coil, which 
of morphine, pethidine and when moved towards the 
phenylethylamine compounds. secondary coil, connected to 

the wires in the cage, caused an 
increase in the current applied 
to the rat's feet until a response 
was recorded. 

Thorp (1946) electrical Tested analgesic efficacy by The level of stimulus perceived 

stimulation applying electrodes to the scrotal by the rats to be noxious was 
sacs of rats. The stimulus was widely variable. 
measured using a voltmeter. 

Grewal (1952) electrical Applied electrical stimulus to the Again the level of perception 

stimulation tails of mice. and response was found to be 
highly variable. 

Levine et al. electrical Studied the anxiolytic drug Vocalisation was used as the 

(1984) stimulation diazepam by means of applying end point. Response 

electrical stimulation to the tails characteristics such as latency, 

of rats. duration, frequency spectrum 
and energy were recorded. 
Diazepam was found to modify 
the response of the rats. 
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Goetzl et al. 
(1946) 

McGrath et al. 
(1983) 

Skingle & 
Tyres (1979) 

Rajaona et al. 
(1986) 

Armstrong et 
al. (1951) 

Wheeler
Aceto et al. 
(1990) 

electrical tooth Carried out the early studies of 
pulp stimulation electrical stimulation of dogs and 

man via amalgam tooth fillings 

electrical tooth Investigated the quality & 
pulp stimulation magnitude of sensations evoked 

by electrical tooth pulp 
stimulation. 

electrical tooth Evaluated analgesic drugs in 
pulp stimulation dogs through tooth pulp 

stimulation using purposeful 
avoidance behaviours as an 
endpoint response. 

electrical tooth Carried out electrical stimulation 
pulp stimulation of the rat incisor with and 

without the removal of tooth 
pulp. 

chemical 
stimulation 

chemical 
stimulation 

Applied chemical agents to a 
'blister base' on human subjects. 
Substances which produced pain 
included acetylcholine chloride, 
KCI, acid solutions below pH 2.5 
and skin extracts from rats and 
humans. The pain experienced 
was expressed by the subject 
squeezing on a bulb connected to 
a mercury manometer & 
rudimentary chart recorder. 

Studied a range of substances 
known to be chemical irritants. 
The substances were 
administered by subcutaneous 
injection into the rat hind paw. 
The effect was monitored by 
behavioural observation of the 
rats. 
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The techniques employed by 
Goetzl et al. (1952) were not 
found to be repeatable although 
many workers continued to 
believe in the potential of tooth 
pulp stimulation. 

The stimulus detection 
threshold was found to be 
constant throughout the study. 
However, pain threshold was 
found to vary as a function of 
the electrical frequency above 
100Hz. 

The jaw opening reflex seen in 
cats when subjected to tooth 
pulp stimulation (Oliveras et al. 
1974) was not observed in 
dogs. 

Thresholds were significantly 
greater after the removal of 
tooth pulp than when the intact 
incisor was stimulated. These 
fmdings were believed to 
validate the use of tooth pulp 
stimulation in pain studies 
using rats. 

The blister base was produced 
by application of a cantharidin 
plaster (0.2% cantharidin) 
which separated the epidermis 
from the dermis. The 
epidermis was removed so 
providing direct access for 
substances to be applied to the 
superficial layer of the dermis. 

The substances found to be 
irritant included; acetic acid, 
carrageenan, formalin, kaolin, 
platelet-activating factor, 
mustard oil (topical 
application), serotonin & yeast. 
Two distinct behaviours were 
observed, flinching / shaking of 
the paw & licking / biting of 
the injected paw. They 
concluded that formalin was a 
suitable noxious stimulus in 
tonic pain research. 



Abbot et 
al.(1995) 

Shibata et al. 
(1989) 

Heidari et al. 
(1996) 

chemical 
stimulation 

" " 

" " 

Lariviere & chemical 
Melzack stimulation 
(1996) 

Pippi & Lumb balloon 
(1979) distension 

Main (1997) 

Yanaura et al. 
(1977) 

Hewer & 
Keele (1948) 

Welsh & 
Nolan (1994) 

Main et al. 
(1997) 

balloon 
distension 

ultrasonic 
stimulation 

ischaemic 
muscle pain 

ischaemic 
muscle pain 

ischaemic 
muscle pain 

Reported a biphasic response to 
the formalin test in rats and mice 

" " " " 
" 

" " " " 
" 

Found that subcutaneous 
injection of honey bee venom 
into the hind paw of the rat 
produced, what they considered 
to be, a valid model of 
experimental tonic pain 
comparable to formalin. 

Tested nociceptive thresholds by 
the inflation of a balloon 
positioned inside the caecum of 
ponies. 

Positioned a balloon in the 
vagina of sheep, intended to 
mimic parturition pain, to 
evaluate epidurally administered 
analgesics. 

Used ultrasonic stimulation 
applied to the palmar distal 
region of the 2nd

, 3rd & 4th fmgers 
as a quantitative method of 
assessing analgesia in humans. 

Proposed that muscle pain 
induced by ischaemia was a good 
representation of clinical pain. 

Applied a forelimb tourniquet to 
sheep which caused a significant 
decrease in mechanical 
nociceptive threshold. 

Fitted a tourniquet to the front 
limb of sheep above the carpus. 
When inflated to 300 mm Hg a 
reduction in weight bearing on 
the ischaemic limb was recorded. 
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The 1 st phase was observed 
during the initial 5 mins after 
sic injection. 
The 2nd phase took place 
between 10 & 30 mins after 
injection. 
These workers found that 
centrally acting drugs such as 
opioids inhibit both phases but 
peripherally acting drugs such 
as aspirin, oxyphenbutazone & 
dexamethasone the 2nd phase 
only. 

Main reported that a major 
problem with this technique 
was identifying a clearly 
defmed behavioural endpoint. 

The evoked pain was described 
as a sharp pin-prick and the 
latency from the start of 
stimulation to withdrawal of the 
hand was defined as the pain 
threshold. 

The mechanical nociceptive 
thresholds could be modified by 
pre treatment with NSAIDs 
flunixin meglumine & 
carprofen. 



Chapter 1 

Self-selection of analgesia 

The self-selection or self-administration of analgesics by animals may be a useful 

method of allowing animals to express through choice whether they require analgesia 

and indeed whether analgesia is effective for their pain state. Colpaert et al. (1980) 

offered rats with arthritis a choice between a highly palatable glucose solution and a 

NaOH solution containing the NSAID suprofen. The results showed that compared to a 

control group of rats, the rats with the adjuvant arthritis increased their intake of the 

suprofen solution in a time course relating to the progression of inflammation. Kupers 

& Gybels (1995) used a similar experimental design to Colpaert and colleagues to 

examine the consumption of the opioid analgesic fentanyl in rats with nociceptive or 

neuropathic pain as compared to control animals. It was found that the intake of 

fentanyl solution did not increase in the rats with neuropathic pain compared to the 

control rats but those rats with nociceptive pain did significantly increase their intake of 

the fentanyl solution. In both these studies the control solution of glucose was used to 

allow the rats to make a taste differentiation between the analgesic solution and the non 

analgesic solution. A flaw with this design may be that the rats select the analgesic 

solution for a different reason. F or example rats with an inflammatory condition and 

associated increase in systemic temperature may in fact choose to increase their Sodium 

intake. 

Danbury et al. (1997) over came this problem by using the ability of chickens to 

discriminate between colours as demonstrated by Kutlu & Forbes (1993). Danbury et 

al. were investigating the pain associated with leg weakness in intensively reared broiler 

chickens. The feed was left untreated, mixed with morphine or with three graduated 
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doses of the NSAID carprofen. The results showed that the intake of morphine drugged 

feed increased significantly in both healthy and lame birds although in total the lame 

birds did consume more of the feed. In the carprofen study the healthy birds showed a 

preference for the lowest dose of carprofen compared with undrugged food while the 

lame birds ate 52 per cent more drug treated food than untreated food regardless of 

drug dose. It was concluded that lame broilers would select food containing analgesic 

drugs. Healthy broilers would also prefer food containing morphine. The authors 

suggest a possible reason for selection of morphine by healthy broilers may be due to its 

euphoric effects. 

Self selection of analgesics as a means of pain assessment is still in its early stages 

however these studies have shown that animals appear to demonstrate some ability to 

discriminate between drugged and non drugged feeds. As this area of study develops 

more information about the signals that animals use to make a selection will become 

available. As with all choice studies it is important to ensure the animal is not 

responding to options the experimenter is not aware they have offered. 

1.3.4 Analgesia in cattle 

The number of analgesic drugs licensed for use in cattle is very limited in the UK This 

means that to achieve optimum analgesic benefit the timing and circumstances of their 

use need to be handled carefully. 

Lignocaine hydrochloride is a local anaesthetic licensed for use in cattle which results 

in muscular paralysis or loss of sensation or both. Local anaesthetics act by blocking 
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conduction in nerve fibres, this is achieved by stabilizing the active membrane which 

surrounds the nerve (Hall & Clarke, 1995). In the case of myelinated nerve fibres this 

inhibitory effect on the membrane occurs only at the nodes of Ranvier. All nerve 

conduction is blocked by the local anaesthetic as well as transmission at the 

neuromuscular junction of the autonomic ganglia. Lignocaine can be used for 

intravenous regional anaesthesia of bovine limbs. The technique is described by 

Prentice et al. (1974) and Edwards (1981). Lignocaine is also used for epidural 

anaesthesia in cattle. In terms of local analgesic activity, lignocaine has a short period 

of onset with a good spread through tissues and an intense action (Hall & Clarke, 1995). 

When administered in the area of a nerve it shows effective nerve trunk penetration, 

especially when compared to procaine which was the fIrst local anaesthetic to replace 

the use of cocaine. The data sheet for lignocaine use in cattle suggests a duration of 

local analgesic action of approximately one hour. The period of anaesthesia may be 

extended using lignocaine in conjunction with adrenaline which acts as a 

vasoconstrictor which will delay absorption from the injection site (Hall & Clarke, 

1995). Previously, bupivacaine hydrochloride was also used as a local anaesthetic in 

cattle in particular for epidural anaesthesia. Bupivacaine has a longer duration of action 

than lignocaine, lasting up to eight hours. Bupivacaine however, is not licensed for use 

in cattle. 

Two non steroidal anti-inflammatory drugs (NSAIDs) are currently licensed for use in 

adult cattle; flunixin meglumine and ketoprofen. As well as anti -inflammatory effects 

the NSAIDs have anti-pyretic and analgesic properties. Although there are many 

NSAlDs produced, some of their mechanisms of action remain unclear. NSAIDs act at 

the site of peripheral injury by interrupting the pathways of arachidonic acid 
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metabolism which is part of the inflammatory process. Figure 1.4 shows the 

arachidonic acid metabolism pathway and the recognised sites of action of NSAIDs. 
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Figure 1.4 The arachidonic acid metabolism pathway showing the sites of action of 
steroidal analgesics and non steroidal anti-inflammatory drugs. 
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Not only do the products of the arachidonic acid pathway act directly on the tissues, 

circulating cells and the microcirculation but Moncada et al. (1975) also reported how 

one compound may synergise with another to cause a greater than additive response. 

Vane (1971) & Ferreira (1978) reported that the principle mode of action of NSAIDs 

was to inhibit the enzyme cyclooxygenase (COX) but it was apparent that this was not 

the whole story because the potency of some NSAIDs did not correlate well with their 

cyclooxygenase inhibitory activity. Cyclooxygenase exists in two forms, 

cyclooxygenase 1 (Cox-I) and cyclooxygenase 2 (Cox-2) both of which are, at least in 

part, inhibited by all NSAIDs. Cox-1 is important in the maintenance of cellular 

integrity and vascular homeostasis and is vital in protection of the gastro intestinal tract. 

It is believed to be prostaglandin synthesized specifically by Cox-2 which mediates pain 

and inflammation (Barragry, 1996). Many of the side effects associated with NSAIDs 

such as gastric ulcers, renal toxicity and blood disorders have been attributed to their 

inhibition of Cox-1 activity. Consequently new developments in NSAIDs are designed 

to specifically target Cox-2. Carprofen, for example, has a higher ratio of Cox-2 : Cox-

1 activity and so has less risk of producing harmful side effects. Bocter et al. (1986) 

and Scholer et al. (1986) reported that, in addition to COX inhibition, the NSAIDs 

meclofenamic acid, tolfenamic acid and diclofenac also inhibit 5-lipoxygenase enzyme 

which is involved in leukotriene biosynthesis. The NSAIDs can be subdivided into a 

number of classes based on their chemical structure (Liles & Flecknell, 1992). Flunixin 

meglumine is a member of the fenamic acid group and ketoprofen is a propionic acid 

derivative. When ketoprofen was introduced for veterinary use it was claimed to have 

an inhibitory effect on both COX and 5-lipoxygenase with additional marked anti

bradykinin activity (Cunningham & Lees, 1994). 
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The NSAIDs also have mechanisms of action not related to the arachidonic acid 

metabolism pathway. These mechanisms include the inhibition of enzyme systems 

which catalyse the formation of neurotransmitters involved in the central pain pathways 

(Liles & Flecknell, 1992) however, the precise mechanisms of their central activity 

remain unclear. In order to act centrally NSAIDs must be able to cross the blood brain 

barrier. Netter et al. (1985) were able to detect ketoprofen in the CSF although not all 

NSAIDs could be detected in this way. 

Xylazine hydrochloride is an alph~ -adrenoceptor agonist which has sedative, muscle 

relaxant and analgesic properties. Alph~-adrenoceptors are present pre- and post

synaptically on noradrenergic neurones at both central and peripheral sites and Langer 

(1974) suggested that the pre-synaptic alph~ adrenoceptors were part of a negative 

feedback system within the noradrenergic neurones. Xylazine alone does not provide 

sufficient analgesic activity in cattle to be considered a useful analgesic on its own. 

Studies using xylazine in combination with lignocaine in epidural anaesthesia of cattle 

(Rehage et al., 1994) found that the duration of the regional anaesthesia was 

significantly longer than when lignocaine was given alone. 
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1.4 OBJECTIVES OF THE STUDY 

To study the changes in behaviour of cattle which are associated with lameness by 

locomotion and lameness scoring, the observation of spontaneous behaviours and 

changes in demeanour. To further relate these changes to more objective parameters 

such as nociceptive threshold, lesion type and claw pathology, endocrine response and 

changes in weight bearing. As well as to study the effects of analgesics on these 

behaviours and objective parameters. Thereby building up a picture of the animal's 

perception of the pain associated with lameness. 

" 1 ::', 
\ ~: 

. .' '-~ ~ 
•~""I' I .:..~. ~ 

• .. I ;. • ... ~ .. v~~ ...... ~.-, 

103 

1_:,1_
~ ... : 

~ '-"-'~~ 
~.~. 



Chapter 2 

Materials & Methods 
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2.1 Measurement of Nociceptive Thresholds 

An extensive reVIew of techniques employed in the measurement of nociceptive 

thresholds for the purpose of both algesiometry and clinical evaluation of painful 

conditions may be found in section 1.3.3. The nociceptive threshold testing techniques 

used in this study are those developed within the University of Bristol research group. 

These include both the mechanical and thermal testing devices developed by Nolan et 

af. (1987). These devices are robust and portable. They have previously been used on 

horses (Chambers et al., 1994), sheep (Nolan et al., 1987; Ley et al., 1989 and Main, 

1997) and chickens (Waterman, 1994 - personal communication). The equipment has 

been shown to be adaptable between species and by continuing with these devices some 

comparisons may be made between the thresholds of different species of animal. 

Both the mechanical and thermal devices were evaluated to assess their suitability for 

nociceptive threshold testing in cattle. Factors such as the repeatability of the test and 

the effect of changes in ambient temperature on the responsiveness of cattle to the 

stimulus were investigated. The results of these evaluation studies are contained within 

this chapter. 

2.1.1 Mechanical nociceptive threshold measurement technique 

The mechanical nociceptive threshold (MNT) test equipment comprised two units, 

pictured in plate 2.1. A small device housed a blunt pin (2 mm diameter) which was 

forced outwards by the pneumatic inflation of a balloon which drove a piston seated 

behind the pin (the device is pictured in plate 2.2). This device was attached to a hind 
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limb using a velcro strap so allowing the pin to impinge on the dorsal aspect of the 

metatarsus (plate 2.3). The control unit, which operated the device, was positioned 

remotely from the animal. This unit contained a set of bellows which pneumatically 

inflated the balloon via a length of 3 mm internal diameter plastic tubing to produce the 

constant rate of increasing pressure exerted by the pin onto the animal's limb. The 

pressure being applied to the limb was recorded with a strain gauge pressure transducer 

and displayed digitally. This pressure readout was then recorded and calibrated in 

Newtons. 

The pin was pressed against the metatarsus until the animal perceived the stimulus to be 

noxious. The rate of stimulation was constant throughout the test, however, a range of 

stimulation rates could be selected (6 seconds per 1 N increase through to 2 seconds per 

1 N increase). As the stimulus was felt by the animal to be noxious a behavioural 

response was demonstrated which caused the stimulus to be terminated by the observer. 

In sheep and horses this response was a clear leg lift or stamp (Nolan et al., 1987; 

Chambers et al., 1990). These types of behavioural response provided a suitable 

endpoint because the animal was not inhibited from responding through having to 

change normal behavioural patterns. The point at which a response was seen was 

defmed as the nociceptive threshold and was recorded in Newtons. If the animal failed 

to respond the stimulus was automatically stopped at 22N to avoid the risk of causing 

tissue damage. 
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Plate 2.1 The nociceptive threshold testing device and control unit which together 
make up the mechanical nociceptive threshold test equipment. 

Plate 2.2 The mechanical nociceptive threshold testing device, showing the blunt 
ended pin which provides the noxious stimulus. 
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Plate 2.3 The mechanical nociceptive threshold testing device in-situ on the hind limb 
of a 6 month old Friesian heifer calf. 

Plate 2.4 The thermal nociceptive threshold test being applied to the pinna of a heifer's 

ear 
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In order to calibrate the MNT testing equipment the device, which would normally be 

fitted onto the animal's limb, was secured onto load cell housed within a beam balance. 

The beam balance recorded the pressure applied by the pin in Newtons. This allowed a 

calibration of the relationship between the digital display shown on the "MNT control 

unit and the actual Newtons being applied by the pin. Figure 2.1 shows a linear 

relationship between the control unit display and the Newtons recorded from the beam 

balance. From this information a calibration equation was derived. The process was 

repeated for each MNT device used. 
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Figure 2.1 Calibration of the MNT equipment showing a linear relationship between 
the control unit readout and the actual force measured using the beam balance. 

2.1.2 Thermal nociceptive threshold measurement technique 

The thermal nociceptive threshold (TNT) testing device, adapted for use in cattle during 

this study, was first described by Nolan et al. (1987) for the assessment of analgesia in 
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sheep (plate 2.4) The device applied a thermal stimulus to the internal aspect of the 

pinna of the cow's ear using a resistor housed within an ear clip. A thermocouple also 

housed within the ear clip was used to measure the temperature being applied to the ear. 

The temperature increased at a constant rate of 1 °C per 2.5 seconds until a clear head 

shake or ear flick was demonstrated by the animal. An inertia cut-out switch mounted 

in the ear clip meant that the stimulus stopped as soon as the animal responded and the 

resistor temperature fell rapidly. The thermal nociceptive threshold was recorded as the 

temperature at which the response was elicited. If no response was seen, the stimulus 

was automatically cut off at 55°C because it was found in earlier calibration studies 

that above this point tissue damage was likely to occur in cattle. The site of testing was 

prepared by clipping off any hairs and scrubbing thoroughly with an iodine solution 

(Betadine Surgical Scrub, Seton Healthcare Group pIc.) to remove any grease from the 

skin. 

The TNT device was calibrated usmg a digitally recorded thermocouple (Digital 

Thermometer ST - 508 Type - K, Solex.) which allowed the relationship between the 

temperature displayed by the device with the actual temperature being applied to the ear 

to be established and corrected for in all further studies (shown in figure 2.2). 
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Figure 2.2 Calibration of the thennal nociceptive testing device to be attached to the 
pinna of the ear. A good linear relationship was found between the actual temperature 
eC) and the readout displayed on the testing unit. 

2.1.3. Validation of the nociceptive threshold measurement techniques 

2.1.3.1 Study to find an appropriate regime for the recording of mechanical 

nociceptive thresholds in cattle with reference to repeatability of testing, rate of 

stimulation and the influence of cattle behaviour during testing. 

This study was devised to establish a protocol for the use of the MNT testing device in 

naive cattle, 'on farm', which could then be applied throughout all further studies. 

Possible factors which were thought could influence the cattle's response to the test 

included whether the cattle required training or familiarisation with the test in order to 
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give a clear end point response to the stimulus and whether a learned anticipation or 

pre-emptive response could be detected when tests were carried out repeatedly. 

Thirty in-calf Holstein Friesian heifers from the University of Bristol, Wyndhurst farm 

were used. All heifers were between the ages of 2 and 3 years and had not yet joined 

the milking herd. The heifers were housed communally in a straw yard with access to a 

feeding passage. The animals were secured for study using metal stocks which closed 

behind the animal's head when they went to feed. In this way the heifers required for a 

specific day were secured as a group in a line allowing free access to their hind limbs 

At all times during the study the animals had free access to silage. Once the device had 

been attached to the hind limb the observer sat at the head of the animals, in the feeding 

passage. None of the animals in this study was lame. The device was attached to which 

ever of the hind limbs was found to be most accessible. 

Experimental Protocol 

Table 2.1 The three MNT testing protocols carried out to determine a suitable 
technique for the measurement of mechanical nociceptive thresholds in cattle 

Experimental protocol 

Protocol I 

Protocol II 

Protocol III 

Total 

Test at 10 min intervals for 3 
hrs 

Test at 20 min intervals for 3 
hrs 

Test 10 times in I hr for 5 
consecutive days 

3 Test Protocols 

111 

Rate of No. of 
stimulation animals 

IN /3 sees 6 

IN / 4.5 sees 5 

IN /3 sees 5 

IN / 4.5 sees 5 

IN / 3 sees 4 

IN / 4.5 sees 5 

2 rates of 30 
stimulation 
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Protocol I 

'Test nociceptive thresholds at 10 minute intervals over a period of 3 hours with the 

device remaining on the leg between tests' 

This protocol was designed to gtve rapid reinforcement for 'learning' about the 

stimulus and the response required from it. Previous pilot tests had indicated the cattle 

did not appear to find an hour of the test aversive. Testing for 3 hours may have 

indicated whether chronic intensive testing became aversive. In addition this protocol 

addressed the question of whether there was a time point at which variation between 

responses becomes significantly reduced possibly indicating some level of learning or 

adaptation. 

Protocol II 

'Mechanical nociceptive threshold testing at 20 minute intervals over a period of 3 

hours with the device removed between tests' 

This protocol was devised to examine the possibility that animals may 'learn' more 

efficiently when given a greater length of time between the application of each 

stimulus. 
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Protocol III 

'Carrying out mechanical nociceptive threshold testing tests 10 times in 1 hour at 

approximately 6 minute intervals. This testing regime was to be repeated for 5 

consecutive days' 

This was designed to give short periods of reinforced stimulus followed by a 24 hour 

break and a return to their normal communal environment. During this protocol the 

behaviour patterns of these heifers were recorded to assess the possible influence of 

activities such as eating or ruminating on response to the stimulus. 

Rate of stimulation 

The choice of a rate of stimulation involved fmding a rate at which a clear response 

could be elicited. The stimulus could not be so fast that the operator would be unable to 

record the point of response successfully due to the inevitable short delay between the 

animal displaying a leg lift and the observer stopping the stimulus. Equally if the rate 

was too slow the animal might be able to adjust and overcome the drive to respond. For 

each protocol the animals were randomly assigned one of two rates of stimulation. The 

first stimulation speed selected (20N in 60 seconds or IN/3sec) was similar to the 

optimum rate of stimulation for the MNT testing of sheep (Chambers, 1992). The 

second rate of stimulation was selected following early pilot studies which suggested 

that a slightly slower rate might elicit a less variable response. This second rate of 

stimulation was 20N in 90 seconds or IN/4.5sec. 
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Statistical Analysis 

The results were found not to follow a normal distribution; so nonparametric statistical 

analysis was used. A Friedman nonparametric test for mUltiple columns of repeated 

measures was used to compare time points within each group. A Kruskal - Wallis test 

compared multiple columns of non-repeated data, followed by a Dunn's Multiple 

Comparison post hoc test which identified which columns showed significant 

differences. Finally a Mann-Whitney test was used to compare two sets of unpaired 

data, such as the results of using two different rates of stimulation. 

Results 

Protocol I 

Table 2.2 The measurements taken at each time point during protocol I presented as 
the median nociceptive threshold recorded in Newtons with the interquartile range 
representing a nonparametric indication of error. 

Time (minutes) 0 10 20 30 40 50 60 70 80 90 

Median Threshold @ 10.06 15.16 10.95 11.41 8.92 10.86 12.81 13.36 12.83 11.47 
I Newton / 3 sees 
Interquartile range 1.14 1.08 3.11 2.92 2.64 2.72 4.33 3.66 1.00 2.26 

Median Threshold @ 11.59 9.17 9.95 9.59 8.21 9.51 11.09 8.23 9.75 7.92 
1 Newton /4.5 sees 
Interquartile range 1.21 1.97 0.81 3.92 3.46 0.97 1.75 1.53 2.23 1.78 

Time (minutes) 100 110 120 130 140 150 160 170 180 

Median Threshold @ 11.04 11.45 10.65 11.10 10.26 10.22 12.33 9.61 14.20 
1 Newton / 3 sees 
Interquartile range 3.60 1.90 1.53 2.77 1.38 3.15 2.87 2.49 2.80 

Median Threshold @ 7.92 10.08 12.17 8.63 9.39 8.66 8.06 11.92 10.68 
1 Newton / 4.5 sees 
Interquartile range 3.12 1.49 2.37 1.05 2.85 1.27 1.92 2.40 3.47 
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Repeated measures analysis found that the nociceptive threshold responses of animals 

tested at stimulation rates of either 1 N per 3 seconds or 1 N per 4.5 seconds showed no 

statistical difference over time. A significant difference (P<O.OI) was, however, found 

between the median nociceptive threshold of those animals tested at a stimulation rate 

of 1 N increase per 3 seconds when compared to those animals tested at a rate of 1 N 

increase per 4.5 seconds. Figure 2.3(a) shows that the slower stimulation rate elicited a 

consistently lower median nociceptive threshold of 9.65 N (2.62 (interquartile range)) 

when compared to the 1 N per 3 seconds rate which produced a median nociceptive 

response of 11.53N (3.14). In addition the slower stimulation rate resulted in lower 

variation around the median which is shown by the box and whisker plot in figure 

2.3(b). 

Protocol n 

Table 2.3 The measurements taken at each time point during protocol II presented as 
the median nociceptive threshold recorded in Newtons with the interquartile range 
representing a nonparametric indication of error. 

Time (minutes) 0 20 40 60 80 100 120 140 160 180 

Median Threshold @ 8.99 8.12 10.81 7.88 10.15 9.64 10.89 11.59 14.24 8.53 
1 Newton / 3 sees 
Interquartile range 0.96 2.35 1.15 0.71 3.68 2.30 2.03 0.60 5.74 1.47 

Median Threshold @ 6.78 6.46 6.68 5.72 7.14 6.62 10.68 8.90 10.71 8.46 
1 Newton / 4.5 sees 
Interquartile range 2.37 0.91 0.78 2.41 0.60 1.21 2.05 1.47 0.89 1.91 

Again, a test of repeated measures found no significant difference between nociceptive 

thresholds recorded at 20 minute intervals over a 3 hour period (figure 2.4(a)). This 

was the case regardless of whether the stimulation was carried out at 1 N increase per 3 

seconds or at 1 N increase per 4.5 seconds. A comparison of the thresholds recorded 
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from the two stimulation rates found a significant difference between the two groups 

(P=0.006). Animals tested at the slower stimulation rate had a median threshold of 

7.40N(2.60) whereas the faster rate of stimulation elicited a median response of 9.40 N 

(2.08). The box and whisker plot in Figure 2.4(b) shows that again there is less 

variation seen around the median when tested with the slower stimulation rate. 

Protocol ill 

Table 2.4 The measurements taken over five days during protocol III presented as the 
median nociceptive threshold recorded in Newtons with the interquartile range 
representing a nonparametric indication of error. 

Day 1 2 3 4 5 

Median Threshold @ 8.9 10.8 12.69 9.92 11.87 
1 Newton / 3 sees 
Interquartile range 2.70 4.24 3.20 4.1 2.73 

Median Threshold @ 9.38 7.79 9.46 8.15 8.02 
1 Newton / 4.5 sees 
Interquartile range 2.25 1.27 3.37 1.50 1.82 

No significant difference was found in nociceptive thresholds between days 1 and 5 at 

either rate of stimulation (figure 2.5(a)). A comparison of the median thresholds 

recorded at both stimulation rates over the 5 days showed a highly significant effect of 

stimulation rate on nociceptive threshold (P<O.OOl). Those animals tested at a 

stimulation rate of 1 Newton per 3 seconds had a median threshold of 10.78N (3.43) 

while animals tested at a 1 Newton per 4.5 second rate of stimulation produced a 

median response threshold of 8.35N (1.9). The slower stimulation rate of 1 Newton per 

4.5 seconds also produced less variation in response as shown in the box and whisker 

plot in Figure 2.5(b). 
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Figure 2.3(a) The mean mechanical nociceptive threshold 
results from Protocol I taken at 10 minute intervals. 
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Figure 2.3(b) Box and whisker plot to show the variation in 
response measured at two rates of stimulation 
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Figure 2.4(b) Box and whisker plot to show the variation 
between responses recorded at two rates of simulation 
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Figure 2.5(b) Box and whisker plot to show ~e r~ge of 
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The behaviour of the heifers observed during the testing periods was divided into two 

categories which were characterised by Ruckebusch (1972). The wakeful state included 

observed behaviours such as eating, alertness, watchfulness and vocalising. Drowsy 

states were recorded when the animals were seen to be ruminating and showing no 

active interest in their surroundings. A Kruskal-Wallis test found a significant 

difference (P<O.OO 1) between the thresholds of animals recorded while in a drowsy 

state 8.85N (2.11) as compared to those animals observed to be wakeful 11.18 (3.29). 

The rates of stimulation were also found to be of importance when considering the 

difference in responses of the heifers in association with their behaviour patterns. At 

both stimulation rates the responses of the heifers were significantly lower when 

recorded during a drowsy period than when in a wakeful state as shown in Figure 2.6. 

In addition, the responses of the heifers while in a drowsy state were lower for those 

animals tested at the slower stimulation rate (P < 0.001). 
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Figure 2.6 A comparison of the mean mechanical nociceptive thresh~lds of .heifers 
recorded while in a drowsy or wakeful state at two different rates of stImulatIOn. 
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Discussion 

The study to establish a testing regime for the MNT test to be used on cattle in 'on 

farm' conditions demonstrated that in all three testing protocols acclimatisation to the 

stimulus or 'training' did not influence the animals response to the stimulus. Welsh 

(1994) observed that sheep retained specifically for experimental use gave more 

consistent responses to a mechanical nociceptive threshold testing device with less 

variability than naive hill sheep introduced to the laboratory environment. She 

suggested that this may have been because the experimental sheep were acclimatised to 

the MNT testing stimulus and that after three days of testing the hill sheep were trained 

sufficiently to produce consistent responses. However the threshold responses 

demonstrated by the heifers suggested that training did not influence the variability of 

their responses to the stimulus. It may be that, in the case of the sheep, time for 

adaptation to their environment was needed rather than solely training in the 

behavioural response required. 

The results of the study also indicate that the heifers did not learn to anticipate the 

stimulus. The three protocols showed that repeated tests could be carried out without 

changing the responsiveness to the stimulus. This was particularly well demonstrated 

by the third testing protocol when the heifers were tested for five consecutive days. 

These experiments allowed a testing protocol for use on cattle to be established which 

could accommodate tests at 6 minute intervals and was valid in naive cattle which had 

not received prior training. 
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In all the experiments the slower rate of application of the stimulus produced less 

variable responses and, interestingly, a consistently lower nociceptive threshold. 

Therefore, it was decided that for all further studies a stimulation rate of 1 Newton 

increase per 4.5 seconds would be used. The reason for this lower response threshold at 

the slower stimulation rate is not clear although it could be speculated that at the slower 

rate of stimulation the cattle were able to perceive the stimulus more efficiently as it 

was being applied. Grindley (1936) found that sensory perception of a pressure stimulus 

was mainly dependant on the rate of stimulus application. Chambers (1992) reported 

that both sheep and horses demonstrated an optimum response to MNT testing at a 

stimulation rate set to reach a maximum force of 25 Newtons in 1 minute (1 Newton 

increase per 2.4 seconds). Chambers (1992) also reported that to achieve reproducible 

results the rate of stimulus application needed be constant from test to test. 

There were also very significant differences in the heifers' nociceptive thresholds which 

could be associated with their recorded behaviours during MNT testing. Ruckebusch 

(1972) reported that during the waking and active period of the ruminants' day some 

time is spent in a state of drowsiness or somnolence. Cattle often remain in this drowsy 

state for as long as 30 minutes without making the abrupt transition to slow wave sleep 

or to full alertness and wakefulness. Animals in the drowsy state, which often includes 

bouts of ruminating behaviour, are described as having little awareness of, or displaying 

indifference to, their surroundings but at the same time they continue to maintain a low 

response threshold to unusual audiostimulation. This maintenance of a high level of 

vigilance to novel stimuli agrees with the heifers' lowered response threshold to the 

MNT stimulus. In a review of farm animal cognition Nicol (1996) suggests that there is 

no strong evidence to indicate domesticated animals have uniformly reduced ability to 
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process information. However, what may be of importance is the animal's processing 

capacity and it's ability to cope with a number of different stimuli being presented 

simultaneously. During the wakeful state cattle appear to be receptive to a wider range 

of environmental stimuli which may act as distractions from the MNT stimulus. What 

is not clear is whether cattle have sufficient cognitive capacity to process a 'barrage' of 

information and whether this influences their responsiveness to the noxious mechanical 

stimulus during wakeful periods. 

A number of studies have been carried out on humans examining the roles of attention 

and distraction strategies in coping with painful stimuli. Ahles & Blanchard (1983) 

applied cold pressor stimulus to subjects in order to examine the effects of paying 

attention to the painful sensory stimulus on their threshold and tolerance levels. The 

results were compared to a group of subjects distracted from the stimulus by being 

asked to name their high school teachers. These workers found that tolerance to the 

cold stimulus was increased in the attention group but that psychological manipulation 

did not influence threshold level. These findings have not been supported in studies 

carried out by Melzack et al. (1963) ; McCaul & Haugtvedt (1982) and Miron et al. 

(1989), who all reported that distraction was a better coping strategy than attentiveness 

when subjects were asked to report on pain thresholds and tolerance. Miron et al. 

(1989) also reported that "both the speed and accuracy of detecting changes in noxious 

heat stimuli are decreased when the subject attends to another stimulus modality". It is 

possible that these observations may be analogous to the increased demands on the 

attention of cattle during periods of wakefulness. 
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2.1.3.2 Investigation to determine the effect of a range of skin temperature on the 

thermal and mechanical nociceptive thresholds of Holstein Friesian calves. 

One of the variable factors inevitably encountered when studying cattle 'on farm' is a 

wide range of ambient temperatures. The possible effect of this on nociceptive 

threshold testing could be two fold. Firstly extremes in air temperature would be likely 

to have greatest effect on the animals skin temperature at the extremities such as the 

ears and lower limbs where nociceptive testing was to be carried out. Hole & Tj0lsen 

(1993) reported changes in skin temperature to be a confounding factor in rat tail flick 

latency test although this has been the subject of some debate. Secondly it seemed 

possible that at extremes of air temperature an alteration in sensitivity to a mechanical 

stimulus might occur. In addition, ambient temperature may also influence the function 

of the testing units, in particular the mechanical threshold testing unit which was 

powered pneumatically. 

Experimental Protocol 

Four Holstein Friesian calves, around 6 months of age, were housed in a room with 

facilities for the artificial control of ambient temperature. The calves were loose 

housed and restrained in a small crush during experimental periods. 

The range of ambient temperatures achieved by refrigeration or heating were between 

50C and 28°C. A time period of 2 hours was required to make a full ascent or descent 

between these temperatures. Measurements were taken from a single calf only on any 

one day beginning with the ambient temperature adjusted to the highest or lowest point. 
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During the course of a day the temperature was either raised or lowered according to 

whether the starting temperature was high or low. Measurements taken during this 

period were TNT tests on the ear at 15 minute intervals coupled with a measurement of 

the skin temperature of the pinna of the ear at the site of the test. The ear temperature 

was measured using a fast response thermocouple (Surface band contact probe, Radio 

Spares). MNT tests were also carried out on the hind limb at 10 minute intervals again 

in association with skin temperature measurements taken above and below the site of 

the test. The measurements were repeated on a different day with the ambient 

temperature being altered in the opposite direction as illustrated in figure 2.7. The 

protocol involved testing each individual 4 times, twice starting at the minimum 

temperature and taking measurements as the ambient temperature was raised to the 

maximum and twice reversing the temperature gradient. 

2 tests @ 15 
min int 

Repeat for each calf at 

25 reversed temperature 6 min into 
gradient 

20 

-0 KEY 0 --- 15 
~ - Thermal Testing 0::: 

~ 
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- Mechanical Testing intervals for durati 
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~ 
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change 

0 
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Figure 2.7 A schematic representation of the testing protocol follow.ed to de.te~e 
the effect of a range of skin temperatures on the thermal and mecharucal nOCIceptIve 

thresholds of Holstein Friesian calves. 
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The influence of ambient temperature on the reliability of the output and results from 

the testing units was assessed using the calibration equipment described earlier in this 

chapter. Calibration recordings were taken for both mechanical and thermal devices 

over the range of ambient temperatures. 

Statistical Analysis 

The calibration of equipment was initially assessed using analysis of variance to achieve 

a preliminary comparison of results. If this were found to indicate an effect of 

temperature, a multiple regression analysis was then used to quantify the effect. A 

regression analysis, corrected for repeated measurements, was used to examine the 

effect of skin temperature (an independent variable) on the nociceptive threshold 

responses recorded. 

Results 

Analysis of the data showed that the ambient temperature had no effect on the thermal 

nociceptive threshold testing unit or the actual temperature recorded at the contact ear 

clip. This was established by using a thermocouple to record a range of actual 

temperatures produced by the ear clip and the displayed readout of the temperature 

taken from the TNT unit. A range of recordings were taken at 5 different ambient 

temperature points from 5°C to 27°C. A preliminary analysis of variance found no 

difference between the actual and displayed temperatures at any of the ambient 

temperatures used. Therefore, no further calibration of the TNT unit was found 

necessary. 
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The mechanical nociceptive threshold testing equipment was influenced by the ambient 

temperature. A preliminary measurement technique was used similar to that employed 

for the TNT equipment. The actual and displayed force in Newtons were recorded over 

a range of ambient temperatures. An ANOV A was used to compare the actual Newtons 

measured at different temperatures with the displayed Newtons shown by the MNT 

unit. A significant difference was found between the actual or 'real' level of Newtons 

recorded over different temperatures despite the displayed level shown by the unit 

indicating that the force being exerted in all cases was the same. A further 120 

recordings were taken in a similar manner over a range of temperatures. These results 

were then subjected to a multiple regression analysis which allowed for the ambient 

temperature and the difference between the displayed and actual force being produced 

by the MNT testing equipment. The equation produced by the multiple regression 

analysis (figure 2.8) was used to calculate the actual force in Newtons exerted by the 

MNT device in all further studies 

DISPLAYED (N) -0.731 + (0.018 X TempOC) 

ACTUAL(N)= 

0.982 

Figure 2.8 The multiple regression equation used for the co~ect~on of rec~rdin~s from 
the mechanical nociceptive threshold testing equipment taking mto conslderatIon the 
influence of ambient temperature. 
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The effect of ear skin temperature on the calves' response to the thermal 

nociceptive threshold testing device. 

A corrected regression analysis was used to examine the effect of skin temperature on 

the recorded response of the calves to the TNT stimulus. The results for each calf were 

analysed individually and in all cases ear temperature was found to have a significant 

effect. For the purposes of fmding a correction equation for this effect the results of all 

4 calves were combined. The slope of the regression line (figure 2.9) showed that at 

lower ear skin temperatures the recorded temperature at which the nociceptive threshold 

response occurred was higher than at the warmer ear skin temperatures. This effect was 

highly significant (P < 0.001) although the i was poor at 0.1355. The change in 

threshold responses was as much as 4°C between the lowest ear skin temperatures 

(recorded at 13°C) and the highest measured at 25°C. The regression equation was used 

to correct for the effect of ear skin temperature in all further TNT tests. 
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The effect of the limb skin temperature at the site of mechanical nociceptive 

threshold testing in calves 

The skin temperature was measured above and below the MNT device and these 

temperatures meaned to give an approximation of the temperature of the skin at the site 

of stimulation. Regression analysis was used to test the effect of the skin temperature 

on the hind limb threshold response. The analysis showed no effect of skin temperature 

on response to the MNT testing device (i = 0.0004, P = 0.780) 

Discussion 

The investigation of the effect of changes in skin temperature on thermal and 

mechanical nociceptive thresholds in calves provided essential temperature correction 

data for subsequent tests. Normal variations in body temperature occur with age, sex, 

time of day, exercise, eating, digestion and drinking of water. Ambient temperature can 

have a more extreme effect on peripheral skin temperature. In a cold environment the 

temperature of a bovine's peripheral body parts such as the limbs can be 10°C or more 

below the animal's core temperature. In order to reduce heat loss during cold weather 

vasoconstriction occurs in the skin and superficial tissues resulting in a drop in skin 

temperature and a reduction in the temperature difference between the skin and the 

ambient temperature. It is this decrease in peripheral skin temperature which occurs 

naturally in winter that is likely to influence nociceptive thresholds. 

The MNT responses of the calves were not influenced by changes in skin temperature 

of the limb. The device itself was, however, influenced by changes in the ambient 
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temperature. This error was easily compensated for mathematically by the simple 

expedient of measuring the ambient temperature each time a nociceptive threshold 

response was recorded. 

Ear skin temperature influenced thermal nociceptive thresholds significantly. The 

influence of variations in skin temperature on thermal nociceptive thresholds has been 

reported for the rat tail flick latency (TFL) test (Duggan et al., 1978; Hole & Tj0lsen, 

1993; Lascelles et al., 1995) but this has been a matter of some controversy with 

Lichtman et al. (1993) arguing that the TFL response is independent of changes in tail 

skin temperature. However, Ness & Gebhart (1986) suggested that the tail flick occurs 

when the temperature of particular nociceptors reaches a critical value so allowing the 

probability of an influence of skin temperature on the latency of response to the TFL 

test. Hole & Tj0lsen (1993) reviewed the confounding influence of changes in skin 

temperature on the TFL test. A fall in skin temperature can produce an increase in TFL 

which can be misinterpreted as analgesia or an increased skin temperature may be 

construed as hyperalgesia. This possibility is of particular importance when carrying 

out drug studies or procedures which may influence blood flow or temperature 

regulation. To overcome this problem Hole & Tj0lsen discuss two approaches; fIrstly 

to attempt to maintain the temperature influencing variables at a constant level; 

secondly to correct for the temperature variability. For use in a farm situation, the 

variability in skin temperature can not be controlled. So a correction equation was 

derived from the results of the study carried out on the calves. 
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2.2 Locomotion and Lameness Scoring 

The visual observation of the gait of cattle provides an initial insight in to whether the 

animal is lame. A progression from this is to attempt to quantify these observations. 

The primary method used to achieve this is to attribute incremented scores to represent 

the degree of lameness being observed. Three different methods of scoring the 

locomotion or lameness of cattle were evaluated through out the course of this study. 

2.2.1 The locomotion and lameness scoring systems used 

Three systems of scoring the gait of cattle (described in figure 2.10) were used in all 

studies. At all times assessment was carried out by a single observer (the author). 

The assessments were carried out by the observer while the cow was walking on a flat 

concrete surface. Initially, each animal was assessed walking away from the observer 

so that the degree of vertical displacement of the tuber coxae could be assessed. This 

displacement is greater on the lame side in horses (May & Wyn-Jones, 1987). The 

straightness of the hind limbs could also be gauged while standing behind the animal 

and any signs of abduction or adduction noted. The observer then stood to the side of 

the walking animal to assess the placing of the hind claws relative to where the front 

claws had just been (tracking). A cow with sound locomotion would be expected to 

cover 75% of the distance to the front claws when bringing the hind limb forward at a 

walk. This distance is often seen to be reduced in lame animals. The head was also 

observed and any 'nodding' while the animal walked taken to indicate the presence of a 
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hind limb lameness. There are differing views, certainly with regard to lameness in 

horses, as to whether the head is raised when the lame limb hits the ground (Hickman, 

1964) or whether the head drops as the lame limb comes to ground (Miller, 1925 ; May 

& Wyn-Jones, 1987). These observations culminating in the identification of the lame 

limb are then represented on a locomotion or lameness score. 

Manson & Leaver Locomotion Score (NRS9) 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

Minimal abduction / adduction, no unevenness of gait, no tenderness. 

Slight abduction / adduction, no unevenness or tenderness. 

Abduction / adduction present, uneven gait, perhaps tender. 

Abduction / adduction present, uneven gait, tenderness of feet. 

Slight lameness, not affecting behaviour. 

Obvious lameness, some difficulty in turning, not affecting behaviour 

pattern. 

Obvious lameness, difficulty in turning, behaviour pattern affected. 

Some difficulty in rising, difficulty in walking, behaviour pattern affected. 

Extreme difficulty in rising, difficulty in walking, adverse effects on 

behaviour pattern. 

Six-Point Numerical Rating Scale Lameness Score (NRS6) 

1 Sound 

2 Imperfect Locomotion 

3 Mild Lameness 

4 Moderate Lameness 

5 Severe Lameness 

6 As Lame As Possible While Upright 
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Visual Analogue Scale (VAS) 

Completely ,, _________________ / Could not be 

Sound / " more lame 

Figure 2.10 The three lameness scoring systems used were the Manson & Leaver 
locomotion score (NRS9) (Manson & Leaver, 1988a), a six-point lameness score 
(NRS6) (Wbay et al., 1997) developed from a system devised by Kestin et al. (1992) 
and a Visual Analogue Scale (VAS). 

2.2.2 A comparison of three subjective systems of locomotion and lameness 

scoring 

Experimental protocol 

Three locomotion or lameness sconng systems, the Manson & Leaver locomotion 

score, the six point lameness score and a visual analogue scale for scoring lameness, 

were used on each occasion that a visual assessment of the gait of cattle was required. 

The graphical comparison of the three scoring systems allowed an evaluation of the 

advantages and relative strengths of each method and under what circumstances each 

system would be most effective. 

All the animals scored for this evaluation were Holstein Friesian cows seen on 

commercial dairy farms in the Somerset area. The data used was pooled from a number 

of studies described in Chapters 3, 4 and 6 all of which required assessment of gait by 

the author. The scoring was carried out as described in methods section 2.2.1. 
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Results 

A total of 477 gait assessments were used for evaluation in this study. As may be 

expected, when compared with each other, there was a strong correlation between each 

scoring system (P < 0.001). Further analysis using a curve fitting package 

(MacCurveFit 1.3, Kevin Raner Software, Australia) helped to demonstrate the areas at 

which each scoring system acted best. Figure 2.12 shows a sigmoid relationship 

between the NRS6 lameness score and the NRS9 locomotion score. The straight line 

represents the expected comparative score line which runs between the lowest score of 

both scales (sound) up to the most lame as represented by the highest number on either 

scale. The curved line shows the actual relationship achieved by comparison of these 

two scoring systems using the equation shown in figure 2.11. 

(a - d) 
f(x) = + d 

(1 + E~~ b) 

Figure 2.11 The equation of curvature for the comparison of lameness and locomotion 
scoring systems. Where, to fmd the expected response, the shape of the curve is 
described by four parameters; a and d give the upper and lower asymptotes of the curve 
while c is the mid-asymptote. Finally b represents the slope of the curve plotted against 
the natural log of x. 

From this curve (figure 2.12) it can be seen that the lower points of the scoring system 

follow the expected line. In the case of the NRS9 system the 4 lowest of the available 9 

scores have been allocated to the pre-clinical lameness stage. As the curve moves away 

from the expected line, this may, to some extent, be explained by reviewing the 

descriptions supplied with the NRS9 score where the fIrst mention of slight lameness 

occurs at score 3.0. A leap then occurs to obvious lameness at score 3.5 which is 
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similar in defmition to score 4.0. The results suggest that in essence the NRS9 score is 

more sensitive at pre-lameness stages where discreet changes in gait are observed but is 

less well balanced as a scoring system for clinical lameness cases. So it is most 

appropriate as a locomotion scoring system when detection of early gait abnormality is 

of importance. 

The NRS6 is less sensitive as an overall scoring system as it only has six scoring points. 

However, these points are more evenly spaced with 2/3 of the scores aimed at clinically 

lame cattle. 

Figure 2.13 demonstrates the relationship between the VAS lameness score and the 

NRS6. A sigmoid curve fit has been used which took into consideration the standard 

errors of the means of the VAS scores. This figure shows that the VAS allocated 

scores were consistently low in relation to those allocated to the NRS6. This is 

consistent with results of a VAS and NRS6 comparison published by Welsh et al. 

(1993). The VAS is recognised as a much more sensitive scoring system as it comes 

closest to representing a continuous scale. It should, however, be remembered that 

because it does not have a rigid format in the way that the discontinuous NRS6 and 

NRS9 scores have, it is easy for the observer to under estimate the score using this 

method. In figure 2.13 it can be seen that the higher the lameness score became the 

further the VAS scores move away from the expected line, which is characteristic of 

the observer's innate reluctance to allocate the highest possible score on a VAS where 

100 represents the worst possible ever. 
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Discussion 

The comparison of the three locomotion or lameness scoring systems revealed that each 

system had specific strengths and weaknesses but that none could be considered 

superior to the others. Welsh et al. (1993) observed that the requirements of a reliable 

subjective lameness assessment scale include accuracy, repeatability and sensitivity. 

None of the methods used met all these criteria. So it would seem appropriate to match 

the scoring system used to the type of study being undertaken and to the way in which 

the data collected are to be analysed. The NRS9 locomotion score was found to be 

valuable for scoring the early stages of locomotion changes rather than as a specific 

lameness score. The NRS6 was the least sensitive of the three systems examined but 

presented a more balanced focus on the scoring of clinically lame animals. In addition 

the NRS6 data were presented in a manner suitable for categorising lameness which 

could then be related to other measurements such as nociceptive thresholds. The Visual 

Analogue Scale was by far the most sensitive scale, but as the results demonstrated, 

lacked the rigid structure which would limit drift in the scoring. Dixon and Bird (1981) 

reported the greatest reproducibility of the VAS to be at either end of the line and that ± 

20 mm from the centre of the line caused the greatest difficulty in achieving 

reproducibility. This situation was not entirely reflected in the results of this study in 

which persistent under scoring was seen relative to the NRS6 and also a reluctance to 

use the highest end point of the line was apparent. This may have been, in part, as a 

result of a single observer carrying out all the scoring. It must be remembered that all 

these scoring systems could not be used quantitatively and so are only effectively used 

within the constraints discussed. 
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2.3 The examination of claw pathology 

In many instances locomotion and lameness scoring of cattle does not provide sufficient 

information about claw health. In some cases claw lesions develop without 

accompanying signs of lameness. The major types of lesion observed on the soles of 

cows' claws stem from damage to the corium or hom producing epithelia of the claw 

resulting in haemorrhages, ulcers and separation of the sole or white line. Observation 

of sole lesions have also been used in studies as retrospective indicators of laminitis 

(Bergsten, 1994). Four main factors are of interest when examining claw lesions; size, 

severity, location and type of lesion observed. Some studies have restricted 

observations to reporting the incidence and prevalence of specific lesion types (Murray 

et al., 1996). When examining the effects of changes in nutrition, environment or the 

rOle of genetics on claw health, more complete observations are required. Greenough & 

Vermunt (1991) created a template of the sole of the claw with six divisions. Similar 

templates had previously been used by Russell et al. (1977) and Mills et al. (1986). 

Any haemorrhage observed was allocated to one of the zones and then scored for 

severity. The severity scores were then weighted in a geometric progression to increase 

the clinical significance of the higher scoring lesions. Logue et al. (1994) also used a 

template but with five defined areas which treated the whole of the white line as one 

region. In a study of the effects of foot lesions on milk production, Coulon et al. (1996) 

added a temporal component by scoring claw lesions for intensity and duration. 

The method described below has attempted to factor in the size of lesions observed on 

the claws as well as their location and severity. 
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2.3.1 Method for the scoring the size and severity of bovine claw lesions 

Lesions observed on the plantar surface of the hind claws were scored using 3 main 

criteria; the size of the lesion, the severity of the lesion and the region of the sole at 

which the lesions were situated. Each hind limb was lifted for lesion scoring of the 

claws; sometimes this required removal of a very thin layer of horn with a sharp hoof 

paring knife. 

Based on the template described by Greenough and Vermunt (1991) a diagram of each 

claw was used to record the site, extent and severity of any lesions observed. The 

template separates the regions of the sole into 6 distinct 'zones' (figure 2.14). Each 

individual lesion seen on the soles of the claws at any time throughout the study was 

counted and allocated to the zone which was covered by the larger part of the lesion. 

From the diagram, the size of the lesions was measured as a proportion of the whole 

sole surface area using a grid laid over the diagram. The size of lesions on both hind 

claws were added and assigned a value out of 100; i.e. if the soles of all hind claws 

were entirely covered in lesions a size score of 100 would be given. 

The severity of the lesions was recorded at the time of observation using a Visual 

Analogue Scale (VAS) described by Welsh et al. (1993) for use with sheep. The VAS 

is represented by a 100 mm line with a clearly defined parameter at either end, in this 

case 'No Lesions Seen' through to 'Corium Exposed'. The observer marked on the 100 

mm line the position which is believed to best represent the severity of the lesions 

observed within the confmes of the specified parameters. The position of this mark was 

then measured in millimetres from the 0 end and this was taken as the severity score. 
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Figure 2.14 The regions of the bovine sole marked into six distinct zones (Greenough 
& Vermunt, 1991). 

Discussion 

There continues to be a particular difficulty in the scoring of lesion severity. All visual 

scores are based upon how severe a lesion appears to the observer. This does not 

necessarily marry with the cow's perception. Leach et al. (1998) conducted an 

evaluation of five methods of assessing lesions of the sole and white line in dairy cattle. 

The five scoring systems to be compared were: 1) number of lesions 2) severity 3) 

adjusted severity 4) size - using image analysis of the distal view of the sole 5) 

combined score [size multiplied by adjusted severity]. It was found that the image 

analysis was useful for the accurate assessment of lesion size but the technique was very 

time consuming. The scoring of lesion severity was more reliable if done at the time of 

examination rather than from photographs. If the size and severity scores were 

combined the weighted severity scores were used to give greater clinical importance to 

severe lesions. 
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As there are a number of factors which require consideration when scoring lesions a 

future approach may be to introduce a multi-dimensional system, in the manner 

proposed by Holton et al. (1997) for the scoring of pain in dogs. This may allow the 

incorporation of information about the size, severity, location and type of lesion 

coupled with a further severity assessment associated with the duration over which the 

lesion persists. 
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2.4 Development of a pressure plate to record the distribution of 

weight on the soles of bovine claws. 

The use of force and pressure plate technology in the quantification of lameness is not a 

new concept, the development of equipment designed for this purpose has been 

reviewed in chapter 1.2. However, use of force plate technology in the study of bovine 

lameness has been quite limited. The static force plate was employed in the 

measurement of weight distribution between the claws of cattle (Ossent et al., 1987). 

Following this a technique for the high resolution mapping of the pressure distribution 

under the soles of cattle's feet was produced by Mair et al. (1988). Mair and co

workers used a capacitance sensor which provided the basic idea for the development of 

a pressure plate intended to compare changes in the distribution of weight bearing under 

the claws of both lame and sound cattle which is described below. 

The requirements for the pressure plate were for it to be a simple, portable and robust 

design which was safe for use on cattle and easily accessible for any repairs and 

modifications, as well as having a low production cost. 

2.4.1 Materials & methods 

The pressure plate itself, which was fitted under the cow's foot, was constructed from 

two layers of electrically conductive copper clad board sandwiching a neoprene foam 

dielectric. Thus the plate (illustrated in figure 2.15) a~ted as a simple capacitor. The 

top plate was divided into six cells to allow measurements from regions of the claws 
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relating to the heel, abaxial wall and toe area of both the medial and lateral claws. 

Incursion of one claw onto the readout of the other was prevented by a wide margin of 

silicon filling running vertically through the middle of the top plate surface. The plate 

was housed within a 'boot' adapted from a Shoof (Shoof International Ltd., New 

Zealand). Extra rigidity was provided for the base of the Shoof from a shaped piece of 

plywood which reduced distortion of the pressure plate. 

earth 

space between lateral 
& medial 

~==-~_- silicon filling 

input signal 

output signal 

to processor 

_n .. nr,,,,,n .. foam 

- ___ --I:;op~ler clad 

base plate 

Figure 2.15 A schematic representation of the construction of the pressure plate used 
to record six regions of weight distribution under the claws of cattle 

A signal generator sent an electrical input signal to the bottom plate which was carried 

up through the neoprene foam to the six individual sections of the top plate. Changes in 

the electrical signals being recorded from the top plates were proportional to the amount 

of compression caused by the claws of the cow. In order to record the signal changes 

due to compression of the plate the signal was initially passed through a variable gain 

amplifier which balanced out capacitance differences caused by small variations in the 
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size of the six top plates. The signal then passed through a precision rectifier which 

converted the alternating current (AC) into a direct current (DC) by a process of half 

wave rectification. Filtration of the rectified signal removed any radio frequency 

components which would have been likely to interfere with the conversion of the 

analogue signal to a digital value. A Sallen and Key filter performed this function by 

smoothing away any frequency above 7Hz. Finally, the filtered, rectified D.C signal 

travelled to a commercially available analogue to digital converter (Pico Technology 

Ltd.) and the digital data was logged into a personal notebook computer. This 

processing unit is mapped out in figure 2.16. 

SIGNAL 

GENERATOR 

O.22KHz - 7.37KHz 

(\V~ 
silicon 

cell filling 

foam 

"v 
base 
plate 

PRESSURE PLATE 

PRECISION 

RECTIFIER 
D.C 

SALLEN & 

KEY 

FILTER 

D.C 

ANALOGUE to 
DIGITAL 

CONVERTER 

Figure 2.16 Outline of the pressure measuring system with sign.al generation d~ected 
to the base plate and subsequent processing of the load altered SIgnal from the SlX top 

cells. 

Calibration of the responses of the pressure plate to weight loads were dependent on the 

characteristics of the air filled neoprene dielectric. The pressure plate was found to 
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respond in a linear manner under weights ranging from 0 to 200 kg (figure 2.17). The 

plate gave an instantaneous, continuous response limited only by the capacity of the 

data logging system. 
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150 200 

Load (Kg) 
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Figure 2.17 The effect of a load (up to 200kg) on the capacitance (nanofarads) of the 
pressure plate 

Other factors affecting the pressure plate recordings were compression of the dielectric 

when under load and changes in the ambient temperature. The compression of the 

pressure plate by a constant 10kg weight produced a 14.5% increase in signal output 

over 5 minutes. The majority of this compression (87%) occurred within the first 3 

minutes and only 13% in the [mal 2 minutes. Increasing the ambient temperature by 

1°C elevated the pressure plate recordings for a 10kg constant load by 2.32% but this 

elevation did not alter the linearity of the response to load. It was assumed that 

compression and temperature fluctuations were similar for each cell and therefore not 

affecting proportional load recordings. To limit these effects on the cell, load 
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recordings were taken after at a defmed time which allowed the early compression to 

take place. 

2.4.2 A preliminary study using the pressure plate to record the distribution of 

weight under the claws of in-calf heifers. 

The pressure plate was tested on a small group of in-calf Holstein Friesian heifers. The 

heifers were restrained in a crush with facilities for lifting the hind limbs. The 'boot' 

containing the pressure plate was fitted to one of the hind feet while the limb was 

raised. Once the pressure plate was securely attached the foot was gently lowered down 

to a standing position, the other foot was placed on a 'dummy' plate to ensure the 

animal was standing evenly and recording commenced. Figures 2.18 and 2.19 show 

examples of the digital output from the pressure plate between 300 and 400 seconds 

after the heifer transferred weight on to the plate. The recordings are taken from two 

different heifers. One is of a right hind and the other of a left hind limb. Both 

recordings show that the medial claw played a greater part in the bearing of the heifers' 

weight. It is not unusual to observe this in heifers (see discussion for chapter 3). 

Figure 2.18 has a relatively stable stance throughout the recording with the exception of 

a short increase in load on to the medial abaxial region in conjunction with a minor 

decrease in the loading of both medial and lateral heels. However, although the output 

signals in figure 2.19 remain in proportion with one another, it can be seen that the 

heifer has repeatedly lifted the limb so producing the fluctuations in output. 
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Figure 2.18 Pressure plate recording from the right hind claws of heifer No. 938 
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Discussion 

The effects of compression and influence of temperature would not allow the use of the 

plate for absolute measurement of weight but the investigation required recordings of 

proportional load distribution under defined regions of the foot and not absolute 

measurement of weight. F or this purpose the plate was found to be suitable. The 

results from the pressure plate, expressed in an arbitrary digital value were used to 

produce a ratio of the six measured regions of load distribution. 

This preliminary study produced useful data which demonstrated that there were 

distinct regions of weight bearing on the soles of the claws of the heifers. This 

indicated a further potential role for such a device in the examination of the 

redistribution of weight associated with claw lesions found to occur in distinct regions, 

for example the sole ulcer site at the sole-heel junction of the lateral hind claws. Of 

even greater interest is the possibility that discrete changes in weight bearing may occur 

during the development of claw lesions and that these changes could potentially be 

detected before clinical lameness occurred. 

During the course of subsequent studies the pressure plate was not used agam. 

Although in some instances the design worked well it was not, in general, found to be 

robust enough to withstand repeated and determined kicks while fitted to a limb and 

equally could not be adequately protected from the confounding effects of faeces and 

urme. To be used with confidence in the future considerable reinforcement and 

protective modifications would be required. Following this work Main (1997) went on 

to develop this pressure plate concept for the testing of analgesia in sheep. A single 
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plate constructed from a commercially obtained force sensing resistor (Steadlands 

International, Northumberland. UK.) was housed within a boot and attached to the 

forelimbs of the sheep. The results suggested that this may be a possible future 

approach to the development of a pressure plate for the study of cattle's perception of 

claw lameness. 
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2.5 Bovine plasma cortisol assay technique 

Cortisol is the major glucocorticoid produced and secreted by the adrenal gland (for 

further detail see chapter 1.1). Many studies have involved the measurement of cortisol 

levels in animals. A range of factors, besides what is considered to be the stressor, may 

influence the initiation of an elevated cortisol response such as collection of samples, 

courtship, sexual arousal and arrival of food. Therefore, in a field study a large sample 

population is required to overcome the likelihood of individual variations in cortisol 

concentration due to external factors which cannot be controlled. 

The assaying of salivary and urinary cortisol concentrations are useful techniques as the 

sample may be obtained in a less invasive manner than the collection of blood. Plasma 

samples were collected for the purposes of this study (for sampling method and plasma 

preparation see chapter 4) as short term circulating cortisol concentrations were of 

interest and the timing of collection was important. In addition, it was felt that 

approaching the heads of cattle to collect saliva samples was more likely to initiate a 

flight response than drawing blood from the middle, ventral, coccygeal vein. 

Materials and methods 

A radioimmunoassay (RIA) kit (Corti-Cote, Becton Dickinson UK Ltd. Oxford) was 

adapted for the determination of the total cortisol concentrations in bovine plasma. 

Cortisol antibody is supplied in ready coated tubes. The bovine plasma or prepared 

standards containing unlabelled cortisol are added to the tubes so binding to the 
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antibody sites. An excess of radio-labelled cortisol C25I] is then added to the antibody 

coated tubes. The cortisol C25I] has an equal affInity for the antibody binding sites as 

the unlabelled bovine cortisol or the cortisol in the standard solutions. So the two 

analytes compete for a limited number of cortisol antibody binding sites. As such the 

measured level of radioactive cortisol bound to the antibody sites is inversely 

proportional to the concentration of cortisol in the plasma or standard samples. This 

sequence is illustrated in fIgure 2.20. 

y 
cortisol antibody 

coated tube 
unlabled plasma 

cortisol bound to 
antibody sites 

o unlabelled cortisol 

• 0""'--1 

unlabled & radio -
labelled cortisol 

compete for antibody 
binding sites 

• radiolabelled cortisol 

Figure 2.20 Illustration of the competitive binding cortisol radioimmunoassay 

Once the tubes have been aspirated the radioactivity in the tubes can be counted in a 

one minute sequence using a gamma counter and related to the known standard curve. 

The plasma cortisol concentration was measured in /-lg / dL, this was then converted and 

reported in nmol / L which is the Standard International unit. The standard cortisol 

solutions, provided by the assay kit, were for the measurement of human cortisol 

concentrations and ranged from 1 to 60 /-lg / dL. The lower end of this standard curve 

needed to be extended for the assaying of bovine plasma cortisol and two further 
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standard concentrations of 0.25 and 0.6 f..1g / dL were added. This was done in 

consultation with the manufacturer of the assay kit and the assay sensitivity was 0.07 f..1g 

/ dL ±2 Standard Deviations. 

Discussion 

A variety of assay methods have been used to measure cortisol concentrations. 

Enzyme-linked immunosorbent assay (ELISA) has been reported by Cooper et al. 

(1989) and Hoier & Jensen (1994) to be a successful technique for the measurement of 

salivary and urinary cortisol concentrations in both man and domestic farm animals. 

Both high performance liquid chromatography (HPLC) and reversed-plane liquid 

chromatography (RPLC) have been used in the measurement of cortisol concentrations 

in plasma and serum respectively (Murase et al., 1988; Nozaki et al., 1991). The 

scintillation proximity assay (SPA) is also suitable for the measurement of cortisol in 

plasma (Swinkels et al., 1991) however, the most frequently employed method which is 

suited to both plasma and urinary cortisol measurement is radioimmunoassay (RIA) 

(Fell et al., 1985). There are currently a number of RIA kits available for the 

determination of total cortisol concentrations in human plasma. The RIA technique is 

relatively inexpensive and provides accurate determinations of plasma cortisol 

concentrations (Nahoul et al., 1992). It is, however, a technique which requires the 

handling of small amounts of radioactive substance (185 kilobeqerels of per vial of 

C2sI]) so special handling and disposal facilities are required as well as access to a 

gamma radiation counter. 
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3.1 Introduction 

The development of lesions in the claws of dairy heifers around the peri-partum period 

has been well documented. Greenough & Vermunt (1991) observed haemorrhages in 

the sole of the claws of heifers up to 4 months before calving which disappeared after 

calving whereas Kempson and Logue (1993) found the development of severe sole 

haemorrhages 10 to 20 weeks post-parium. While Bradley et al. (1989) found sole 

haemorrhages indicative of subclinical laminitis in heifers of all ages, ranging from 4 

month old calves right through to seventy days post calving. Although there is some 

disparity in the literature about the aetiology of the development of sole haemorrhages 

in the claws of dairy heifers what is not disputed is that heifers are predisposed to 

lameness during the 3 months immediately following calving (Edwards, 1982); also, 

that they are at a high risk of developing laminitis during this period (Bergsten & Frank, 

1996). Laminitis and subclinical laminitis are believed to have a role in the later 

development of claw lesions such as white line disease and sole ulcer (Maclean, 1971 a; 

Weaver, 1979; Greenough, 1990) possibly due to pathophysiological changes occurring 

during the peri-parium period which may impair the integrity of the hoof (Kempson & 

Logue, 1993). 

Not only is the aetiology of cattle lameness still not fully understood but the extent to 

which cattle suffer during a lameness episode is unclear. As pain is a subjective 

experience which draws on both physiological and emotional components it cannot be 

measured directly. Studies of humans with an inflammatory condition have recorded 

reports of pain at the inflammatory site but also increased sensitivity (hyperalgesia) to a 

noxious stimulus applied some distance from the lesion (Levine & Taiwo, 1994). Lame 
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sheep (Ley et al., 1989) and horses (Chambers et al., 1994) have also been reported to 

demonstrate an increased sensitivity to a noxious stimulus, indicating that these animals 

were also in a hyperalgesic state. 

3.2 Materials & Methods 

Fifteen Holstein Friesian heifers reared as herd replacements for the University of 

Bristol dairy herd were studied. The heifers were due to calve within a six week period 

from the end of September 1995. The mean age of the heifers at calving was 31 +/- 1.3 

months. Observations of the development of lesions on the soles of the hind claws and 

changes in mechanical and thermal nociceptive threshold were measured and 

chronologically related to observed episodes of lameness. 

Experimental Protocol 

Each heifer was examined at fortnightly intervals starting 2 months pnor to the 

expected calving date and continuing for 2 months post calving. At each examination 

the heifers were lameness scored and then secured in a cattle crush with facilities for 

lifting the hind limbs. Once in the crush the heifers were allowed a 5 minute 

acclimatisation period to achieve a quiet stance (Ewbank, 1963). After which their 

mechanical and thermal nociceptive thresholds were measured. Both nociceptive 

threshold testing devices and the NRS6 lameness score used are described in chapter 2. 

Initially MNT testing was carried out on the left hind limb but in cases of lameness, 

testing was always carried out on the lame leg to avoid forcing the animal to bear 

weight on the unsound limb in order to give a response. Measurements were taken until 

155 



Chapter 3 

3 consistent responses were recorded with a minimum 5 minute interval between each 

test. Then the hind limbs were lifted, scrubbed, the claws were examined and detailed 

notes taken of any lesions observed in the soles. 

All examinations of the heifers were carried out by a single observer. Many of the 

observations were necessarily subjective but the use of a single observer ensured 

continuity of scoring throughout the study. 

Nutrition & Management of Heifers 

During the pre-calving period the heifers were kept at grass. One to two weeks before 

calving the heifers were given a 1 kg / day Dry Cow Roll supplement (14 per cent 

crude protein) and familiarised with the milking herd and the milking parlour. After 

calving the heifers received 4 kg of 21 per cent protein cake per day plus ad-lib grass 

silage with an additional 3kg / head of maize gluten (20 per cent crude protein) and 

also free access to grazing. Throughout the post-partum period of the study the heifers, 

along with the entire herd, were kept out of doors on a grass paddock (21 ha). This was 

adjacent to a building with access to a feeding passage where they were offered a buffer 

feed of approximately 10 kg DM grass silage (metabolisable energy 10.4 MJ/kg DM 

and crude protein 145g/kg DM). Given this consumption of silage, their intake of grass 

from pasture would have been small. Two weeks into their lactation the heifers' ration 

was adjusted to Maintenance + 10 litres of milk with 0.4 kg of cake per additional litre 

produced. Having joined the milking herd the heifers were walked through a foot bath 

containing 5 per cent formalin solution at two consecutive milkings twice a week. All 
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heifers calved while the ground was firm and dry although, in the fmal weeks of the 

study the track between the fields and the cubicle house became very muddy. 

Scoring of Claw Lesions 

The method used for the scoring of lesions examined the size, severity and location of 

lesions observed on the plantar surface of the heifers' claws. The techniques used are 

described in section 2.3 of the materials and methods chapter. 

Statistical Analysis 

The data were found not to follow a normal distribution so were analysed using 

nonparametric statistical tests. A Friedman test of repeated measures was used for the 

comparison of data recorded from the same group of heifers at fortnightly intervals. 

This was followed by a post hoc Dunn's multiple comparison test which defmed which 

of the time points within the repeated measures was showing a significant difference. 

Where repeated measures were not made a Kruskal-Wallis test was used to compare 

columns of data. Finally, a multiple regression analysis was carried out to examine the 

relationship between the multiple factors of changes in the size and severity of claw 

lesions in relation to the lameness scores of the heifers. 
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3.3 Results 

Treatment of Lame Animals 

Two of the heifers became sufficiently lame to require veterinary treatment. These 

heifers developed white line abscess in the toe of a lateral digit of the hind claws. The 

surrounding sole was pared away to allow drainage including removal of some of the 

weight bearing abaxial wall. A block was then attached to the medial claw to facilitate 

recovery of the affected claw. In both cases treatment was successful. The claws of the 

other lame heifers not requiring veterinary treatment were carefully trimmed to relieve 

pressure from the site of the lesion. 

Table 3.1 Table showing the distribution of lesions observed in the six zones of the 
plantar surface of the hind claws. 

Fortnightly Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Total 
Examination lat. med. lat. med lat. med lat. med. lat. med lat. med 

-4 1 0 0 0 6 2 5 4 2 1 3 2 26 
-3 0 0 0 1 4 2 4 4 1 0 4 1 21 
-2 0 0 0 0 3 2 4 0 0 0 2 1 12 
-1 1 0 1 0 1 0 10 4 1 1 2 1 22 

PARTURITION 
+1 0 0 0 1 3 1 21 5 0 1 1 1 34 
+2 0 0 0 0 1 2 24 9 4 2 0 0 42 
+3 0 3 1 5 5 3 22 11 8 4 1 1 64 

+4 2 3 2 6 4 5 21 11 12 7 0 4 77 

Sub-total 4 6 4 13 27 17 111 48 28 16 13 11 

Total 10 17 44 159 44 24 298 

Percentage 3.4% 5.7% 14.8% 53.3% 14.8% 8.0% 100 

Table 3.1 shows the total number of lesions seen in each zone over the 4 month period. 

'Lesion' in this context described an individual abnormal site (e.g. haemorrhage, sole 

penetration). It gave no indication of severity or type of lesion. These results were for 

all heifers, not only for those seen to be clinically lame. Significantly different numbers 
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of lesions were observed between the described zones of the sole (P<O.OOl). The 

greatest numbers of lesions were observed in zone 4 of the lateral claw. 

Table 3.2 Table showing the incidence of lameness and lesions relative to parturition 

Score Score Fortnightly examinations 

categories Pre-partum Post-partum 

-2 -1 +1 +2 +3 +4 

Locomotion 1-2 15 15 12 11 10 10 
score 3-6 0 0 3 4 5 5 

Size of 0-25 14 14 13 12 9 11 

lesion 26-100 1 1 2 3 6 4 

Severity of 0-25 15 15 14 12 10 8 

lesion 26-100 0 0 1 3 5 7 

During the 2 months prior to calving no animal was given a lameness score (NRS6) 

above 2 (imperfect locomotion). Lameness scores of 2 in these cases were due to the 

exaggerated abduction or adduction seen in the hind legs during this time. In the post-

partum period the heifers showed significant increases in abnormalities of gait (P < 

0.05) and at 1 month after calving 7115 (470/0) of the group had demonstrated some 

degree of lameness (lameness score of 3 and above). 

Sole Lesions 

Table 3.2 indicates the incidence and severity of developing lameness in these heifers. 

In this Table scores for size and severity of lesion are based on the total amount of 

damage observed on all four claws of the hind limbs. Around parturition both the size 

and severity of lesions increased significantly (P < 0.001). In every single heifer there 

was some evidence of haemorrhage at the white line and in the sole by one month post-

partum. Initially the lesions presented were seams of haemorrhage radiating inwards 
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from the abaxial white line on both the medial and lateral claws. These were followed 

by areas of moderate haemorrhage dispersed over the soles but most frequently at the 

sole ulcer site. With time these areas of haemorrhage became darker and increased in 

size in many heifers. The soles became soft to thumb pressure and developed a yellow, 

butter-like colour. The presence of sole lesions around the time of parturition was 

common to all heifers and could be related to the development of lameness in 7 of the 

15 heifers, also stemming from the time of parturition (Figure 3.1). 

In the lame animals, as the locomotion became more abnormal, both the size and the 

severity of sole lesions increased significantly (severity P < 0.001, size P < 0.001). 

Multiple regression analysis relating lameness score (NRS6) of all heifers to size and 

severity of sole lesions revealed a highly significant effect of severity (r = 0.475, P < 

0.001) but a negligible effect of size (r=0.062, P < 0.001). 

Mechanical Nociceptive Threshold 

Figure 3.2. shows the relationship between lameness score (NRS6) and mechanical 

nociceptive threshold. As lameness increased the nociceptive threshold significantly 

decreased ( P < 0.05) indicating sensitisation to the stimulus. 

Thermal Nociceptive Threshold 

No significant relationship was found between lameness score and thermal nociceptive 

threshold on the ear (P=0.09). The heifers were tested at fortnightly intervals with 3 

tests being carried out at each examination. Of the tests carried out 37 / 120 tests (31 
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per cent) were abandoned because the ear clip could not be successfully attached. Of 

those tests which were successfully applied, 34 (41 per cent) failed to respond before 

the stimulus was automatically cut off. 
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Figure 3.1 Locomotion changes in relation to the development of both lesion size and 
severity in the seven heifers which demonstrated lameness during the study. 
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5 
Severe 
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Figure 3.2 An increasing sensitivity to the nociceptive stimuli when related to the 
development of lameness in dairy heifers. 
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3.4 Discussion 

In this study some of the lesions seen on the soles of the hind claws were indicative of 

subclinical laminitis (Bradley et aI., 1989). The results suggest that parturition and 

associated husbandry changes were critical for the development of lesions in the claws 

of these heifers. The relevance of parturition to the development of lesions in heifers 

was highlighted by Edwards (1982) and more recently has been the focus of a number 

of studies (Greenough & Vermunt, 1991; Kempson & Logue, 1993; Vermunt & 

Greenough, 1996). These workers reported the development of lesions in the claws of 

cattle at different times during the peri-partum period. The variations in the timing and 

site of lesions seen in these studies suggest that the appearance of haemorrhagic lesions 

in the soles of the hind-limbs of heifers around the time of parturition is influenced by 

more than calving itself. As has already been discussed in Chapter 1, environmental 

factors such as housing and nutrition, as well as genetic predisposition to lameness are 

all likely to interact at this time to influence the onset and severity of claw lesions. A 

further consideration may be the influence of the nutrition and environment on these 

animals when they were calves. 

The concentrate ration fed to the heifers after calving exceeded 20 per cent crude 

protein along with a maize gluten supplement. Rations high in carbohydrate are most 

commonly implicated as a factor in the onset of bovine laminitis. Although, a study 

carried out by Manson & Leaver (1988b) reported that high concentrations of dietary 

protein increased the number of lameness episodes observed, as well as the severity and 

distribution of these episodes. 
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The development of sole lesions has already been referred to in terms of the appearance 

of diffuse haemorrhages on the soles of the hind claws. Although mild lesions spread 

over a large area were indicative of underlying problems it was primarily the lesion 

severity which caused a deterioration in the locomotion of the animal. When examining 

the claws of lame animals if all that could be seen was an area of moderate 

haemorrhage, it was unlikely to be sufficient reason for the lameness. The highest 

incidence of lesions were seen in zone 4 on the lateral claw however this zone does 

constitute a relatively large proportion of the total surface area of the sole. In the hind

limbs, zone 4 of the lateral claw represents what is often referred to as the typical 'sole 

ulcer site'. The sole ulcer, described by Baggot & Russell (1981), is one of the major 

causes of lameness in dairy cattle and in many cases it is a recurring problem. Even at 

this early stage in the heifers' productive lives the sole ulcer site was already showing 

signs of damage. 

Changes in mechanical nociceptive thresholds are a feature of chronic pain. This has 

previously been demonstrated by Ley et al. (1995) in lame sheep. The increased 

sensitivity to a mechanical stimulus indicates that the limb is in a hypersensitive or 

hyperalgesic state. By carrying out nociceptive threshold tests at sites which are 

mediated by different pathways, it is possible to gain information as to the nature of the 

sensitization which has taken place. Using the mechanical device to test the affected 

limb means it is not possible to make a distinction between peripheral sensitization or 

central sensitization but it does confinn that the locomotion changes were likely to be 

due in part to the animal's hyperalgesic state and not simply a result of biomechanical 

restriction in movement. The lack of change in the thermal nociceptive threshold may 

have merely been due to the aversion many heifers demonstrated to the ear clip or, as 
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discussed by Ley et al. (1989), may be because the site of the thermal test is remote 

from the lesion and is associated with a cranial nerve pathway. Therefore, the thermal 

ear test may not detect sensitization generated spinally or peripherally. 
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4.1 Introduction 

It has been reported that a high proportion of lameness in dairy cattle occurs within the 

first three months of parturition. Whitaker et ale (1983) observed in a study of dairy 

cattle lameness that the monthly incidence followed the calving pattern with a 

disproportionate number of cases of lameness occurring within the first three months of 

lactation. The fmdings of Whitaker et ale (1983) echoed those of Prentice & Neal 

(1972) and Eddy & Scott (1980) who reported that dairy cattle lameness appeared to be 

most common during early lactation. In addition Andersson (1980) reported that cases 

of laminitis have been most frequently diagnosed after calving. Laminitis is of 

particular concern in dairy heifers because the incidence of laminitic outbreaks has been 

recorded as being highest in heifers and young cows (Edwards, 1982). Bergsten (1994) 

carried out an epidemiological study of haemorrhages seen on the soles of the claws of 

dairy cattle and used these as a retrospective indicator of laminitis. Bergsten concluded 

that primiparous cows were more prone to sole lesions than multiparous cows. Of 

equal concern were the fmdings of Enevoldsen et ale (1991) who found a strong 

relationship between cows treated for metabolic or severe reproductive disorders in 

their first lactation and the occurrence of sole ulcer in more than one foot earlier in the 

first lactation. 

It is also well recognised that the greatest number of claw lamenesses are associated 

with the lateral claws of the hind feet (Russell et al., 1982; Murray et al., 1996). This 

fact is somewhat puzzling as the greatest proportion of the animals' weight, about 60 

per cent, is taken on the front limbs. Toussaint Raven (1973) observed that there is a 

greater amount of unbalancing between the medial and lateral claws of the hind limbs, 
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with the lateral claw being larger than the medial. He concluded that the imbalanced 

hooves led to lateral overloading, disorders of the hooves and self propagation of the 

problem since hoof irritation accelerates hom production and so increases the loading. 

In a study of weight bearing in the hind limbs of dairy heifers over the peri-partum 

period Ossent et al. (1987) found that initially in the heifers the weight bearing was 

reasonably well balanced between the claws. During the parturition period this weight 

distribution became gradually more unbalanced with the greater load being taken on the 

lateral hind claws. It was found that those heifers which had the greatest proportion of 

overburdening on a specific claw were at greater risk of developing more severe sole 

lesions after calving. 

The aim of this study was to record changes in the rate of growth and wear in both the 

medial and lateral hind claws of a group of fIrst calving dairy heifers over the peri

partum period, with calving representing a point of change in the metabolic and 

environmental management of the heifers. A group of yearling heifers from the same 

farm were used as a non-calving control group. 

4.2 Materials and methods 

Twelve Holstein Friesian heifers reared as herd replacements were studied through the 

peri-partum period spanning from September 1996 to February 1997. The heifers in 

this group were born between the 25th August 1993 and the 1st January 1994. They 

calved between September 26th and November 7th 1996. In addition 12 yearling 
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Holstein Friesian heifers, between eleven and thirteen months of age at the start of the 

study, were used as a non calving comparison. 

Experimental procedure 

At examination the gait of all heifers was recorded using the NRS6 lameness score, as 

described in chapter 2, before being restrained in a crush. Once in the crush the feet 

were cleaned so that heel height and toe length measurements could be taken from all 

hind claws. At the initial recording the hind claws of all heifers were marked with a 

soldering iron to provide a reference point from which to measure growth and wear. At 

each examination measurements for the calculation of the rates of hoof growth and 

wear were taken from both lateral and medial claws. The calving heifers then had their 

hind limbs lifted to examine the claws. Weight bearing surfaces and distinct lesions on 

the soles were recorded and claw angle measurements taken. The soles were not pared 

during claw examination to avoid artificially influencing measurements of the rate of 

claw wear. 

Management & Nutrition of Heifers 

At the beginning of the study all heifers were outside on grass until joining the milking 

herd, all maiden heifers, including those still to calve, were brought in and permanently 

housed at the end of October and the yearlings were housed from the 22nd of October. 

Both groups were loose housed in straw yards adjacent to concrete feeding passages 

which were scraped once a day. After the heifers joined the milking herd they 
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remained in loose housing the bedded area of which was cleared out once during the 

study period. 

Ten of the heifers calved while out at grass, six of these required assistance at calving. 

Heifers and calves were brought in from the field and kept together in a straw bedded 

loose box for two days, after which the heifer joined the milking herd. The two heifers 

which calved after the herd had been winter housed were kept in the same building as 

the calved heifers, in a partitioned off area. They calved in loose boxes and joined the 

calved heifers two days afterwards. 

The heifers were milked twice a day starting at 0700 hrs and 1500 hrs. In order to reach 

the milking parlour the heifers were required to walk approximately 100 meters which 

included negotiating a steep concrete ramp. The yearling heifers were not required to 

make this journey at any time. The lactating heifers were walked through a foot bath of 

5 per cent formalin solution for two consecutive milkings, twice a week. Again the 

yearling heifers did not walk through a foot bath at any time. 

All heifers began the study at pasture. After housing, the two heifers which had not 

calved were fed a grass and maize silage mixture with a dry cow roll supplement (14 

per cent crude protein). After calving, the heifers were fed a total mixed ration 

consisting of grass silage (metabolizable energy 11.3 MJ kg DM and crude protein 144g 

kg DM) , maize silage (metabolizable energy 11.0 MJ kg DM and crude protein 90g kg 

DM), fodderbeet and a soya supplement (36 per cent). An additional in parlour 

concentrate was fed (crude protein 21 per cent) at 0.4 kg / litre of milk given. From 
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December onwards the heifers also received 1 kg of general purpose minerals each 

week. 

The yearling heifers were given 1 kg / day of calf rearing pellets while they were out at 

grass. During the housed period they received a diet of grass silage , fodderbeet and 

general purpose minerals. 

Claw Measurements 

Measurements were taken on four occasions at 4-5 week intervals over the study period. 

The rate of growth and wear were then corrected to a monthly basis. 

t Heel 
~ height 

Figure 4.1 Measurements of toe length, heel height and claw angle 

a) Toe length - The length of the dorsal wall was measured on both medial and lateral 

hind claws using a pair of callipers and a ruler. The measurement was taken from the 

hair line of the coronary band to the point of the toe. 

b) Heel height - The height of the heel bulb measured, using a ruler, on all four hind 

claws from the hair line of the coronary band to the flat surface on the base of the crush. 
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c) Claw angle Measurement was carried out when the feet were lifted for 

examination. An adjustable angled tool was used to fit over the toe and the angle was 

then measured from this with a protractor. Again all four claws were measured (this 

measurement was not carried out in yearling heifers as their feet were not lifted for 

examination). 

A = Growth 
B = Wear 

t'A 
t' B 

Figure 4.2 Measurements taken for the calculation of the rates of claw growth and 

wear. 

d) Rate of growth and wear - Marks were made on the dorsal and abaxial hoof walls 1 -

2 cm down from the coronary band, in the regions marked on Figure 4.2, using a 

soldering iron. The distance was measured from the hair line of the coronary band to 

the soldered mark and from the mark to the ground in order to calculate growth and 

wear respectively. The abaxial wall measurements were taken by following the 

direction of the hom growth. This was thought to more accurately reflect the actual 

growth and wear rates for the abaxial region of the foot rather than simply recording 

the vertical distance from the coronary band to the ground. These data were analysed 

to give monthly rates of growth and wear using the following formula: 
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Monthly Growth Rate (A : T=l) - (A : T=O) x 30.4 

No. of days between recordings 

Monthly Wear Rate (B : T=O) - (B : T=l) x 30.4 

No. of days between recordings 

Where: 

and 

T - Recording Number 

A - Measurement from mark to coronary band 

B - Measurement from mark to base of claw 

30.4 equals the average number of days per month 

e) Sole lesions - The group of calving heifers had the soles of the hind claws inspected 

at each visit. A diagrammatic record was made of the weight bearing surfaces, 

observed as the areas of the sole which were smooth as well as often being cleaner and 

lighter in colour, and any sole lesions which could be seen without paring the claw. 

Statistical Analysis 

An Anderson-Darling test of normality showed that the claw measurement data 

followed a normal distribution so parametric analyses were employed. A Students 

paired t - test was used to establish the validity of combining the results from the left 

and right hind limbs. Analysis of changes over the time course of the study were 

carried out using a repeated measures analysis of variance followed by a Tukey -

Kramer Multiple Comparisons Test to identify the significance of differences between 

columns of data where appropriate. A General Linear Model (GLM) was used to 

examine the influence of the time intervals between measurements on rates of growth 

and wear in both the medial and lateral claws. 
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4.3 Results 

Growth and wear 

The toe region of the yearling heifers, related to measurements of the dorsal wall, wore 

at a faster rate than growth occurred. This is shown graphically in Figure 4.3. The 

greatest proportion of excess wear occurred during the fIrst measurement interval 

during which time the heifers calved. Overall, the rate of growth at the heel/abaxial 

wall region was greater than the amount of wear during the measurement period (Figure 

4.4). The mean growth and wear rates, in millimetres, measured at sites on the dorsal 

and abaxial wall are shown in Table 4.1. The medial and lateral claws are compared in 

Table 4.1 and it can be seen that in the calving heifers the highest proportion of 

signifIcant changes in growth and wear rates occurred in the lateral claws of these 

animals. 

The yearling heifers, however, showed only a minimal excess of wear at the toe / dorsal 

wall region and an excess of growth at the abaxial wall / heel region. The growth of the 

abaxial wall outstripped any wear taking place at any stage as shown in Figure 4.6. 

This result is summarised in millimetres in Table 4.1. 

These fmdings are supported in Tables 4.2 & 4.3. Table 4.2 shows that the length of 

the toe in the calving heifers was signifIcantly reduced by a total of 9 millimetres on the 

medial claw and 6.5 millimetres on the lateral claw (P<O.OOI). Whereas the yearling 

heifers showed a much smaller overall reduction in toe length which was not signifIcant 

in the medial claws but a 3.8 millimetre reduction in toe length on the lateral claws was 
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found to be significant (P<O.OI). The heel height of the calving heifers (Table 4.3) did 

not reduce significantly from the fIrst to last measurements taken however, there was a 

noticeable fluctuation during the course of the study with both the medial and lateral 

claws of the calving heifers showing a steady increase in heel height until the fourth and 

last measurement when a phase of rapid wear took place. The yearling heifers showed 

a positive increase in heel height throughout the study which was a significant gain of 

5.4 millimetres on the medial claws (P<O.OOI) and 4 millimetres on the lateral claws 

(P<O.OI). 

Changes in rates of growth and wear over time 

A GLM analysis, which examines interactions between multiple factors, showed that 

the time course of the study had a significant influence on the rates of claw growth and 

wear in both the calving heifer and the yearling heifer groups. It was, however, not 

possible to select out specific points in time which may have been primary influencing 

factors on growth and wear rates. F or example ideally the transition to winter housing 

from pasture, the period of parturition or changing to the winter feeding ration would 

have been singled out as times of particular interest. 

Claw angle 

The claw angles measured in the calving heifer group (Figure 4.7) showed little 

variation throughout the study with the lateral claw angle averaging 45.5 degrees +/-

0.9 s.e.m and showing no significant variation. The only significant differences were 

seen in the medial claw angles where the angle increased significantly (P<O.OOI) from 

175 



Chapter 4 

43.2 degrees +/-0.61 s.e.m at the fIrst measurement to 47.6 degrees +/- 0.56 s.e.m at the 

third measurement. The difference between the medial claw angle at the fIrst 

measurement and the fourth measurement (45.7 degrees +/- 0.6 s.e.m) was also found 

to be significant at P<0.05. 

Lameness score 

Figure 4.8 shows that there were no signifIcant changes in lameness score recorded 

among either the calving heifers or the yearling heifers. As the study progressed more 

of the calving heifers were scored as having mild abnormalities of gait and two animals 

were identified as being clinically lame (lameness score 3). One of the lame animals 

had a digital dermatitis lesion on the soft tissue of the heel and the other developed 

laminitis. The gait of the yearling heifers remained good throughout the study. 

Observations of the soles of the calving heifers 

The soles of the hind claws in the calving heifer group are illustrated in Figure 4.9. 

The black shading are the areas of the sole which were considered to be weight bearing 

surfaces and the areas marked in red indicate any sites of abnormality observed on the 

sole surface such as heel erosion, sole erosion and signs of haemorrhage. In Figure 4.9 

it may be seen that in the majority of animals no erosion or lesions were present at the 

fIrst examination and that the heifers weight was concentrated on the abaxial walls of 

each claw and the heel bulbs only. Classically observations of the heifers' claws at the 

fIrst examination showed the base of the claws concaved away from the abaxial wall 

and showing few signs of wear, with the medial claw being frequently longer and 

thinner than the lateral claw. As the study progressed it could be seen that more of the 
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sole surface area became weight bearing often with one of the claws, either on the 

medial or the lateral side, apparently showing a greater area of weight bearing surface. 

With the progression of time, more and larger, areas of claw erosion or sole 

haemorrhage were observed. 
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Table 4.1 Table showing the mean growth and wear rates, in millimetres, of the medial and lateral hind claws of the calving heifers and yearling heifers. 

MEDIAL 
CLAW 

CALVING 
HEIFERS 

Dorsal Wall - Growth 

- Wear 

Abaxial Wall - Growth 

- Wear 

YEARLING 
HEIFERS 

Dorsal Wall - Growth 

- Wear 

Abaxial Wall- Growth 

- Wear 

Mean 
growth / 
wear(mm) 

4.3 

6.6 

5.3 

3.5 

4.7 

5.0 

6.1 

3.3 

s.e.m 

0.039 

0.057 

0.036 

0.025 

0.029 

0.030 

0.031 

0.019 

Significant change in 
growth / wear rate 
during measurement 
intervals 

N/S 

*** 

N/S 

N/S 

** 

*** 

* 

*** 

Where: N/S - not significant, • - P<O.05, .. - P<O.Ol, ... - P<O.OOl 

LATERAL 
CLAW 

Dorsal Wall - Growth 

- Wear 

Abaxial Wall- Growth 

- Wear 

Dorsal Wall - Growth 

- Wear 

Abaxial Wall- Growth 

- Wear 
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Mean 
growth/ 
wear(mm) 

3.9 

6.3 

5.0 

3.0 

4.8 

4.9 

6.3 

3.0 

s.e.m 

0.037 

0.070 

0.039 

0.024 

0.029 

0.027 

0.030 

0.016 

Significant change in 
growth / wear rate 
during measurement 
intervals 

N/S 

*** 

*** 

** 

** 

*** 

N/S 

*** 



Table 4.2 The mean toe lengths of the calving heifer and yearling groups measured at four time points during the study period 

MEDIAL CLAW Mean toe 
length 
(nun) 

CALVING 
HEIFERS 

Measurement NQ. 1 87.3 

Measurement NQ. 2 79.2 

Measurement NQ. 3 77.7 

Measurement NQ. 4 78.3 

YEARLING 
HEIFERS 

Measurement NQ. 1 74.0 

Measurement NQ. 2 75.1 

Measurement NQ. 3 71.5 

Measurement NQ. 4 71.1 

s.e.m 

0.13 

0.11 

0.11 

0.09 

0.12 

0.10 

0.17 

0.18 

Where: N/S - not significant,· - P<O.05,·· - P<O.OI, ... - P<O.OOI 

Sig. difference 
between 
measurements 

J"l··l 
~ 

J 

N/S 

N/S 

N/S 

N/S 

*** 

LATERAL 
CLAW 

Measurement NQ. 1 

Measurement NQ. 2 

Measurement NQ. 3 

Measurement NQ. 4 

Measurement NQ. 1 

Measurement NQ. 2 

Measurement NQ. 3 

Measurement NQ. 4 
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Mean toe 
length 
(nun) 

86.0 

77.9 

76.6 

79.5 

72.4 

72.1 

68.7 

68.6 

s.e.m 

0.11 

0.10 

0.11 

0.07 

0.07 

0.09 

0.12 

0.12 

Sig. difference 
between 
measurements 

J'" I *** 
1*** 

.. 1' l J 
J I * 



Table 4.3 The mean heel heights of the calving heifer and yearling groups measured at four time points during the study period 

MEDIAL CLAW Mean heel s.e.m 
height 
(mm) 

CALVING 
HEIFERS 

Measurement No. 1 29.3 0.11 -

Measurement NQ. 2 30.5 0.09 

Measurement NQ. 3 32.6 0.08 

Measurement NQ. 4 28.8 0.11 

YEARLING 
HEIFERS 

Measurement NQ. 1 24.4 0.09 

Measurement NQ. 2 26.5 0.05 

Measurement NQ. 3 26.3 0.08 

Measurement NQ. 4 29.8 0.11 

Where: N/S - not significant, * -P<O.05, ** -P<O.OI, .. * -P<O.OOI 

Sig. difference 
between 
measurements 

...., 

J * ] .. 

l'''l 
I 'l' 

--.J ..J 

LATERAL 
CLAW 

Measurement NQ. 1 

Measurement NQ. 2 

Measurement NQ. 3 

Measurement NQ. 4 

Measurement NQ. 1 

Measurement NQ. 2 

Measurement NQ. 3 

Measurement NQ. 4 

180 

Mean heel s.e.m 
height 
(mm) 

32.4 0.10 

36.1 0.08 

37.2 0.07 

34.0 0.11 

29.4 0.08 

29.6 0.08 

30.7 0.08 

33.4 0.08 

Sig. difference 
between 
measurements 

l I ** 

1** I ** 
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Figure 4.3 A graph showing the calculated difference between the mean rates of claw 
growth and wear measured on the dorsal wall of the calving heifer group, reported in 
millimetres per month. Calculations were made for both the medial and lateral claws 
based on changes which had occurred between each measurement visit. 
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Figure 4.4 A graph showing the calculated difference between the mean rates of claw 
growth and wear measured on the abaxial wall of the calving heifer group, reported in 
millimetres per month. Calculations were made for both the medial and lateral claws 
based on changes which had occurred between each measurement visit. 

Where zero indicates that an equal amount of claw growth and wear has taken place, while a negative 
figure resulted from an excess of claw wear and a positive figure indicated that the rate of claw growth 
had exceeded the rate of claw wear. 
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Figure 4.5 A graph showing the calculated difference between the mean rates of claw 
growth and wear measured on the dorsal wall of the yearling heifer group, reported in 
millimetres per month. Calculations were made for both the medial and lateral claws 
based on changes which had occurred between each measurement visit. 
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Figure 4.6 A graph showing the calculated difference between the mean rates of claw 
growth and wear measured on the abaxial wall of the yearling heifer group, reported in 
millimetres per month. Calculations were made for both the medial and lateral claws 
based on changes which had occurred between each measurement visit. 

Where zero indicates that an equal amount of claw growth and wear has taken place, while a negative 
figure resulted from an excess of claw wear and a positive figure indicated that the rate of claw growth 
had exceeded the rate of claw wear. 
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Figure 4.7 Graph showing the mean changes in claw angle for the medial and lateral 
claws seen in the calving heifer group over the peri-partum period. The claw angles 
were measured 4 times during a six month period with parturition taking place between 
the fIrst and second visits. All measurements were recorded in degrees. 
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Figure 4.8 Graph showing the mean changes in lameness score for both the cal:,ing 
heifer and the yearling heifer groups. The heifers' locomotion was scored 4 tunes 
during a six month period, spanning parturition in the calving heifer group. Lameness 
was scored using the NRS6 lameness score. 
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Figure 4.9 Illustrations of the soles of the hind claws of the calving heifer group, 

recorded at each examination. The black areas represent weight bearing surface, 

identified as areas of worn sole, and the red represent areas of pathological change in 

the claws. 

(see/allowing 4 pages) 
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4.4 Discussion 

The investigation into the influence of parturition on the conformation, growth and 

wear of the claws of dairy heifers found that in both calving heifer and yearling heifer 

groups the rates of growth and wear of the claw hom underwent significant changes 

during the course of the study. In both groups the heel and abaxial wall, measured 

above the region of the sole-heel junction, showed the greatest excess of growth, 

especially on the lateral claws. In the calving heifer group the increases in heel height 

were accompanied by decreases in toe length resulting from high rates of dorsal hom 

wear without the equivalent rate of growth. This implies that the toes of the calving 

heifer group were in greater contact with the walking surfaces. The excess of wear was 

seen after parturition had taken place and the animals were brought in to winter 

housing. It is known that subclinical and clinical laminitis are commonly seen in newly 

calved heifers (Edwards, 1982). Ossent & Lischer (1995) described the 

pathophysiological changes which take place in cows' feet during laminitis. They 

showed how the third phalanx sinks within the claw shoe. A pathological event 

resulting from this is the sole ulcer. This implied that a primary area of pressure 

exerted by the third phalanx onto the corium is at the sole ulcer site, situated at the sole

heel junction. It is therefore possible that the calved heifers chose to walk with a 

greater proportion of their weight towards the toes to relieve the pressure of the third 

phalanx at the sole ulcer site. Thereby, resulting in claw hom wear occurring at the toes 

and dorsal wall while the heels grow in excess of any wear taking place. 

In the calving heifer group the weight bearing surfaces of the claws extended from the 

walls and heels of the claws to encompass the sole itself during the course of the study. 
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As the study progressed a greater incidence of lesions were observed on the claws of the 

calving heifer group, also a deterioration in the gait of this group was recorded which 

correlates with the observations made in chapter 3. Kempson & Logue (1993) 

examined changes in the microstructure of hoof hom around the time of calving using 

transmission electron microscopy. Sections taken from the white line showed the 

interdigitations between the laminar and tubular hom. The quality of hom was graded 

before calving, in general the squames of the laminar hom and the keratin fibres were 

well organised although even at this time some heifers were identified as having poorer 

quality hom. Those heifers which had poor quality hom pre-calving showed the 

greatest susceptibility to deterioration in claw hom quality post calving. By between 10 

and 20 weeks post calving the poor quality hom showed separations along the inter

squame spaces which showed signs of bacterial invasion. In the later stages there were 

large areas of damaged hom with much amorphous inter-squame material and 

disruption of keratin fibres. Logue (1990) suggested that this breakdown in 

keratinisation would result in weak claw hom; further, that among the range of insults 

experienced by the claws, parturition and early lactation may be an additional factor in 

the degeneration of the quality of the claw hom. 

A study of sole disorders conducted by Vaarst et al. (1998) found that the 2 months 

after calving represented the beginning of a high risk period for the presence of severe 

sole haemorrhages in the claws of first lactation heifers. Trimming the claws of first 

lactation heifers during the winter housing period was also found to increase the risk of 

sole disorders. The time scale of these findings are within the scope of the current 

study with the work of both Kempson & Logue (1993) and Vaarst et al. (1998) 
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supporting the observation that calving is a critical time point for the pathological 

changes in the heifers' claws. 

Although the changes in the rates of claw growth and wear were found to be significant 

over the time course of the study some of these changes were seen in both the calving 

heifer group and the yearling group. As such it is not possible to implicate parturition 

as the single causative factor. Only one group of heifers calved during this period while 

both groups were moved to a winter housing environment and changed on to a winter 

feeding ration therefore, the changes recorded in the claws are likely to be brought on 

by multifactorial influences. 

Hahn et al. (1986) measured rates of hoof growth and wear in Holstein cattle. 

Measurements were taken from the dorsal and lateral surfaces of the outer claws of both 

front and hind limbs. Monthly rates of dorsal growth were reported for 1 st lactation 

animals as 6.04 mm for front claws and 6.58 mm for hind claws. Monthly wear rates 

were also reported as 5.78 mm and 6.11 mm for front and hind claws respectively. It 

can been seen from these figures that in the study reported by Hahn et al. (1986) that 

the mean monthly rate of claw growth was greater than the rate of wear. Cows were 

studied in two different environments, either at pasture / dirt lots or confmed in stalls. 

The environment was found to have a greater influence on the rate of claw wear than on 

growth. The authors found that when housed on abrasive floor surfaces the rate of wear 

was much greater. They also found that the rates of claw growth were greatly 

influenced by the concurrent rate of wear which accounted for the positive balance 

between growth and wear. They also suggested a seasonal variation in claw growth 

rates with the highest levels recorded in spring and the lowest in winter. In the current 
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study the yearling heifers overall displayed a tendency towards a greater level of claw 

growth than wear and in real tenns their claws grew more than the calving heifers. This 

mirrors the fmdings of Prentice (1973) who found a 13 per cent higher growth rate in 

the hooves of yearling heifers compared to adult cattle. Whereas, the calving heifers 

showed excess growth at the heels in conjunction with excess wear at the toes which, as 

already discussed, suggests that overall their toes were subjected to greater abrasive 

contact with walking surfaces. At the same time a small significant increase was seen 

in the claw angle of the calving heifers. 

The study described in this chapter and also the study reported in chapter 3 showed that 

in calving heifers there is a measurable deterioration in gait during the post-partum 

period. Both studies were carried out on the same farm in subsequent years so that the 

management of both groups and the environment to which the heifers were exposed 

remained reasonably constant. In this current study the use of yearling heifers as a 

comparison group was useful. The ideal would have been a group of non-pregnant 

heifers at a suitable age for calving and exposed to otherwise identical management 

routines including a high protein ration, fonnalin foot baths and walking to and from 

the parlour twice a day. The marking of the claws with a soldering iron was an 

effective technique although the marks grew out on the abaxial wall more quickly than 

expected and some claws required remarking. Further it was found that relocating the 

solder marks on pigmented claw hom could be difficult and relied in being able to feel 

rather than see the indentation left by the soldering iron. 
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5.1 Introduction 

The incidence of lameness within the British dairy herd is high with a diverse range of 

conditions and causes. Murray et al. (1996) observed no fewer than 15 different types 

of claw lesion implicated in causing lameness in dairy cattle of which sole ulcer, white 

line lesion, digital dermatitis and interdigital necrobacillosis/phlegmon ("foul-in-the

foot") were the five most commonly observed lesions. 

Ley et al. (1995) examined the effect of lameness in sheep suffering from footrot. The 

mechanical nociceptive threshold of these sheep was reduced when compared to control 

animals. This decrease persisted for up to three months after the apparently successful 

treatment of the footrot. A preliminary study carried out by Ley et al. (1996) suggested 

that such changes may also occur in cattle. The present study was designed to examine 

changes in the nociceptive threshold of cattle with hind claw lameness when compared 

with sound animals. The lameness was assessed subjectively using the NRS6 lameness 

scoring system (Whay et al., 1997) followed by measurement of response to a noxious 

mechanical stimulus (Chambers et al., 1994) : the nociceptive threshold. The claws of 

the cattle were then examined and treated as appropriate. The group of cattle which 

displayed clear unilateral hind claw lameness was tested again 28 days after treatment. 

Plasma cortisol levels have been measured in sheep and cattle with chronic pain 

conditions. Ley et al. (1994) found that plasma cortisol concentrations were higher in 

lame sheep than in healthy sheep although there was no correlation found between the 

severity of the lameness causing footrot and the concentration of plasma cortisol. It 

was also found that the elevation in plasma cortisol levels could still be measured in the 
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lame sheep three months after apparent resolution of the clinical lesion. Ley et al. 

(1996) went on to record plasma cortisol levels in both sound and chronically lame 

dairy cattle. In this pilot study there was no significant difference found in plasma 

cortisol concentrations of the sound and lame animals. In studies where a more acutely 

painful stimulus was involved such as surgery in dogs (Church et al., 1994) and 

castration by surgery or rubber ring in lambs (Mellor et al., 1991; Thornton & 

Waterman-Pearson, 1997) significant elevations in plasma cortisol concentrations were 

measured. 

In this study involving lame and sound cattle, the initial plasma sample, taken on the 

cow's entry into the crush, may be used to indicate whether the chronic lameness 

condition had resulted in any change in plasma cortisol concentration. Secondly the 

sample taken after examination followed by either trimming or treatment of one hind 

limb may reflect the animals response to the type of procedure being carried out. 

5.2 Materials and methods 

A case-control study was conducted on five commercial dairy farms in the Somerset 

area. A total of 95 Holstein Friesian cows was examined during the winter period of 

1995/96. 

Experimental Protocol 

The lame animals were recruited by contact with the farmers. A sound cow was 

selected to be paired with those animals displaying an apparent unilateral hind limb 
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lameness. The animals were paired on the basis of parity and stage of lactation but not 

milk yield. On the fIrst visit to each animal assessments were made using the NRS6 

lameness score and the mechanical nociceptive threshold test. The nociceptive 

threshold test was always performed on the lame limb if lameness was present (see 

Chapter 2). The hind limb was examined, the cause of the lameness determined, if 

present, and the appropriate treatment was carried out. The lame limb only, of the 

unilaterally lame group, was lifted for examination on the fIrst visit to prevent the 

animal being forced to bear weight on this limb during an examination of the sound 

limb. Trimming of the sound limb was carried out on the subsequent visit 28 days after 

treatment. On the first visit a routine hind claw trim was also carried out on all sound 

control animals. Some animals were observed to have an abnormal locomotion but the 

site of the lameness could not be conclusively identified. These animals were referred 

to as being bilaterally lame. On the fIrst visit any bilaterally lame animals had both 

claws examined and treated as appropriate these animals were not re-examined 28 days 

later. 

Blood samples were collected from the middle coccygeal vein only during the initial 

visit to both the sound controls and the unilaterally lame cattle. Samples were taken 

into Lithium Heparin vacutainers (Becton Dickenson, France). The fIrst sample was 

collected immediately after the cow entered the crush and the second after the 

examination of one hind limb was completed. The blood samples were stored in ice 

until they were returned to the laboratory were they were centrifuged at 1600g for 20 

minutes. The plasma was removed and stored at -20°C until the assay was performed 

(see Chapter 2). No blood samples were collected on the second visit. 
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The cows with a unilateral hind limb lameness were seen a second time 28 days after 

the initial visit when they were again scored for lameness, threshold tested and given 

further treatment as required. Again the nociceptive threshold test was carried out on 

the limb which had previously been identified as being lame even if signs of lameness 

were no longer apparent. 

Statistical analysis 

The mechanical nociceptive threshold data were found to follow a normal distribution 

and were analysed using an unpaired ANOV A followed by a post hoc Multiple 

Comparisons Test unless otherwise stated and, where appropriate, a General Linear 

Model (GLM). The plasma cortisol concentration data did not fulfil the parameters of a 

normal distribution so were analysed using the nonparametric Kruskal-Wallis Test 

followed by the Dunn's Multiple Comparisons Test. 

Treatment of lame animals 

All lame animals were treated in association with each farm's veterinary surgeon. The 

claws were always trimmed to achieve balanced weight bearing prior to treatment of 

any lesions. Specific treatments for each lesion type are listed in Table 5.1. 
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LESION 

Sole Ulcer 

White Line Disease 

Foul-in-the-Foot 

Digital Dermatitis 

Laminitis 

Heel Erosion 

Bruising 

Sole Penetration 

Overgrown Claws 

Inconclusive 

Lesion types, treatment protocols and numbers observed at initial examination. 

NUMBERS OBSERVED 
unilateral bilateral 

12 

14 

7 

3 

1 

3 2 

3 

2 

3 

2 

TREATMENT LOCOMOTION 
Day1 

s.e.m 

Paring the damaged hom of the sole back to the corium to allow 3.75 ± 0.250 

formation and growth of new hom. Paring back of the sole of affected 

claw to transfer weight to the unaffected claw .... 

Removal of all underrun wall and/or sole to allow drainage. Paring 4.00 ± 0.234 

back of the sole of affected claw to transfer weight to the unaffected 
claw .... 

Systemic antibiotic therapy. t 4.43 ± 0.398 

Topical oxytetracycline spray (Terramycin aerosol) Pfizer 5.00 ± 0.000 

Trimming and balancing of soles 4.00 ± 0.000 

Trimmed back to the point of attachment to prevent further erosion 3.4 ± 0.447 
and underrunning. 

Trimming of soles, paring back of the sole of the affected claw to 2.00 ± 0.000 
transfer weight to the unaffected claw. 

Removal of any foreign body present, removal of underrun hom to 4.5 ± 0.707 
facilitate drainage. Paring back of the sole of affected claw to transfer 

weight to the unaffected claw. Further therapy if required.'" t 

Trimming and balancing of claws. 2.33 ± 0.408 

Trimming and balancing of claws. 2.00 ± 0.000 

mean 

• In severe cases, where necessary, wound dressing was used and a wooden block applied to the sound claw 

SCORE 
Day28 mean 

s.e.m 

1.25 ± 0.131 

1.35 ± 0.199 

1.00 ± 0.000 

1.00 ± 0.000 

1.00 ± 0.000 

1.33 ± 0.408 

1.00 ± 0.000 

t Ceftiofur (Excenel : Upjohn.) Cephalexin (Ceporex: Mallinckrodt Veterinary.) Dihydrostreptomycine + Procaine penicillin (Depomycin : Mycofarm.) Sulphamethoxypyridazine (Midicel : 

Upjohn.) 
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5.3 Results 

A total of 95 cattle was examined in this way; of these, 42 animals displayed clear 

unilateral hind claw lameness, 42 animals of sound gait and a further 11 animals for 

whom the source of gait abnormality could not be clearly attributed to a single hind 

limb. 

Lesion types 

Table 5.1. shows the types and numbers of lesions observed in the unilaterally and 

bilaterally lame groups at the initial examination as well as the treatment protocol. In 

addition, the mean lameness scores of the animals with reference to lesion type are 

shown before and at 28 days after treatment. Although all animals were treated, not all 

animals were completely sound (lameness score 1) 28 days later. 

Nociceptive threshold 

Table 5.2. presents the mean lameness scores and nociceptive thresholds recorded from 

each group of cattle. The tests of significance in Table 5.2 are based on a post hoc 

multiple comparison test which permitted comparison of all four groups. At day 1 the 

control group had a mean threshold of 13.3 Newtons ± 0.322 s.e.m. The unilaterally 

lame animals showed a mean nociceptive threshold of 7.9 Newtons ± 0.296 S.e.ill. 

which was significantly lower than the control animals on day 1 (P<O.OOI). The 

bilaterally lame group also showed a significantly lower threshold than the control 

group (11.3 Newtons ± 0.787 s.e.m. (P<0.05)). When the unilaterally lame group were 
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tested 28 days after treatment their mean thresholds had increased significantly from the 

first day to 10.2 Newtons ± 0.359 s.e.m. (P<O.OI) but were still significantly lower than 

the mean for the control group (P<O.OOI). The nociceptive thresholds of the 

unilaterally lame group recorded on initial examination and at 28 days after treatment 

were additionally examined using a test of repeated measures which again found a 

significant increase between the thresholds measured on day 28 (P<O.OOI) as compared 

to day 1. 

Table 5.2 The lameness scores and mechanical nociceptive thresholds of unilaterally 
and bilaterally lame dairy cattle including repeated measurements from the unilaterally 
lame cattle at 28 days post treatment. 

GROUP GROUP LAMENESS NOCICEPTIVE 
SIZE SCORES THRESHOLD 

(Newtons) 
mean s.e.m mean s.e.m 

Control 42 1 ± 0.000 13.3 ± 0.322 

Bilaterally 11 2 ± 0.000 ab 11.3 ± 0.787 ab 

lame 

Unilaterally 
lame 

Day 1 42 4.07 ± 0.837 a 7.9 ± 0.296 a 

Day 28 42 1.19 ± 0.505 b 10.2 ± 0.359 ab 

a = significantly different from control group (P<O.OOl) 
b = significantly different from unilaterally lame group measured at Day 1 (P<O.Ol) 
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Nociceptive threshold associated with claw lesions 

When animals with unilateral lameness were classified according to the principal types 

of lesion found in the claws, six animals were excluded from these results as there were 

insufficient numbers within their causal groups for statistical analysis. The groups used 

were those cattle found to be lame due to: Sole ulcer (n = 12), white line disease (n = 

14) and "foul-in-the-foot" or digital dermatitis which were grouped together as having 

an acute digital tissue infection (n = 10). 

Figure 5.1 shows that, compared to the control animals, animals in all three lesion 

groups demonstrated a significant decrease in nociceptive threshold at the initial 

examination (P<O.OO 1). The mean thresholds for each lesion type on day 1 were: sole 

ulcer 8.2 Newtons ± 0.602 s.e.m.; white line disease 8.6 Newtons ± 0.489 s.e.m.; acute 

digital tissue lesions 7.6 Newtons ± 0.639 s.e.m. 

Figure 5.2. demonstrates the spread of nociceptive threshold for each lesion type found 

on the fIrst day of examination in the sound, bilaterally and unilaterally lame groups. 

There was no significant difference in threshold between animals with lameness scores 

of 1 and 2 (gait before clinical lameness is observed). All the unilaterally lame animals 

(score 3 and above) had nociceptive thresholds significantly lower than animals in the 

sound or bilaterally lame groups (P<O.OOl). The results of the unilaterally lame animals 

were further analysed using a GLM to test for the effect of both lameness score and 

lesion type on nociceptive threshold. Neither lameness score nor lesion type were found 

to have a significant influence on nociceptive threshold; it was not possible to test for 

interactions. The lack of change in the nociceptive threshold of the unilaterally lame 
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cattle on Day 1, seen in Figure 5.2., regardless of the type of causal lesion indicated that 

all lesions induced hyperalgesia equally. 

It was not possible, within the confmes of a clinical study on commercial dairy farms, 

to see all 95 animals again after 28 days. Therefore re-evaluation was limited to those 

animals originally identified as having a unilateral hind limb lameness. Those animals 

found initially to be unilaterally lame were re-examined 28 days later. Nociceptive 

thresholds measured on day 28 were analysed for the effects of lameness score 

(measured at day 28) and lesion type (sole ulcer, white line disease and acute digital 

tissue infection) using a GLM. There were significant differences found between lesion 

types (P=0.02). The mean threshold values were: Sole ulcer (8.8 Newtons ± 0.460 

s.e.m.); white line disease (9.7 Newtons ± 0.543 s.e.m.) and acute digital tissue 

infection (12.7 Newtons ± 0.613 s.e.m). Further analysis, using ANOVA, showed that 

the sole ulcer and white line disease groups were still showing significantly lower 

threshold values than seen in control animals on day 1. The acute digital tissue 

infection group were not found to be different from the control group. The difference 

in nociceptive threshold between lesion groups, shown in Fig 4.3.1., indicates that the 

persistence of hyperalgesia differed between lesion type. Although six animals still had 

abnormal lameness scores on day 28 there was no significant effect of lameness score 

on nociceptive threshold. 

Plasma cortisol concentrations 

A total of 38 sound and 41 unilaterally lame cows was successfully sampled both before 

and after examination on the first visit. No significant difference was found between 
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the concentrations of plasma cortisol measured in the sound and lame cattle on entering 

the crush. The sound cattle (n 38) had a median plasma cortisol concentration of 26.9 

n mol / L (14.15) and the lame cattle (n=41) had a median concentration of 28.5 n mol / 

L (19.35). The second sample, taken after examination and either the trimming or 

treatment of a single hind limb, showed a highly significant (p<0.001) rise in plasma 

cortisol concentration to a median of 92.2 n mol / L (20.69) in the sound animals and 

94.92 n mol / L (26.52) in the lame cattle, shown in Figure 4.3.3. The increased levels 

of plasma cortisol in the second samples were not found to be significantly different 

between the two groups. Further analysis using GLM found that in the lame group of 

cattle, differences in lameness score and the type of lameness causing lesion for which 

appropriate treatment was given did not influence the plasma cortisol concentrations of 

the cattle either upon entry into the crush or after treatment. 
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Figure 5.1 Nociceptive threshold of dairy cattle relating to the type of lesion seen 
at time of treatment and 28 days post treatment with reference to the sound animals. 

***- Significantly different from sound 

The nociceptive thresholds of sound cattle were not retested on day 28 
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Figure 5.2 The nociceptive thresholds of dairy cattle with reference to lameness scores and lesion type demonstrating 
that unilaterally lame cattle were found to be in a hyperalgesic state regardless of the severity of the lameness or the 
type of causal lesion 
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Figure 5.3. The median plasma cortisol concentrations (n mollL) of either sound or 
unilaterally lame dairy cattle sampled on entry into the crush and after the fIrst hind 
limb had been raised and either given a routine claw trim or treatment of the lameness 
causing lesion. The interquartile range is also shown for each group. 
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5.4 Discussion 

This study demonstrated that lame dairy cattle were hyperalgesic and in a state of 

general hypersensitization as measured by an increased sensitivity to the mechanical 

nociceptive stimulus. In addition, many of those animals were still hyperalgesic 28 

days after treatment. Hyperalgesia at the onset of lameness has been reported in a study 

carried out by Ley et al. (1996) although they recorded a lower level of threshold 

response in the sound animals than is reported here. This may reflect the potential for 

subjective interpretation of an endpoint response or differences in environmental 

factors. 

Both the unilaterally and bilaterally lame groups demonstrated significant hyperalgesia 

compared to the control group. The apparent increase in sensitivity of the bilaterally 

lame group was not as great as that of the unilaterally lame group at the time of 

treatment. It is possible that the lesions seen in the bilaterally lame animals (bruising, 

heel erosion, laminitis and claw overgrowth) were not as severe as those seen in the 

unilaterally lame animals. Alternatively, the bilateral nature of the lameness seen in 

these cattle could well have resulted in a reluctance to bear weight on one limb only so 

resulting in a unwillingness to respond to the nociceptive threshold test. All the 

unilaterally lame animals were tested on the lame limb to overcome this possible 

inhibition of response and to allow measurement of the peripheral effect of hyperalgesia 

which is seen at the onset of a lameness condition. However, this precludes the 

possibility of identifying central changes at the first examination. 
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An examination of the relationship between lameness score and lesion type and their 

influence on nociceptive threshold at fIrst examination revealed no difference between 

lameness scores 3 to 5, suggesting that sensitisation occurred regardless of the severity 

of the lameness or the type of lameness causing lesion; i.e. a lesion which is severe 

enough to cause lameness is sufficient to result in hyperalgesia. 

Some cattle in the unilateral lameness group continued to be in a hyperalgesic state 28 

days after treatment (the bilaterally lame group were not re-tested at day 28). This was 

demonstrated by a clearly measured increased sensitivity, or hypersensitization, to the 

noxious stimulus. It is probable, when testing the animal on day 1, that the 

hypersensitization recorded was a result of the noxious stimulus being applied locally to 

the lesion on the lame leg, i.e. peripheral sensitization. The situation on day 28 was 

different as by this time, clinical resolution of the lameness appeared to have taken 

place in most instances. This was verified by the lack of difference between the 

lameness scores for the control group and for the unilaterally lame group on day 28 as 

shown in Table 5.2. This suggests that 'wind up', as described by Woolf (1983) & 

Dickenson (1990) (see Chapter 1.3), had been established resulting in the prolonged 

duration of the hyperalgesia. In an ideal situation the nociceptive threshold test would 

also have been repeated on the sound control animals 28 days after the initial 

examination. However, as the initial studies in Chapter 2 demonstrated there was no 

evidence that repeated nociceptive testing caused a change in the response of the 

animals. The hypersensitization recorded in cattle at day 28 is likely to be an effect of 

central sensitisation as a result of the noxious input from the peripheral lesion, although 

in this study some continued influence of the peripheral lesion cannot be discounted. A 

potential addition to this study to further differentiate between central and peripheral 
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sensitization would be to carry out a second nociceptive test at a site remote from the 

primary lesion, possibly on a front limb (discussed in Chapter 8). 

The unilaterally lame group was classified according to lesion type. In a recent 

epidemiological study of claw lesions found in lame dairy cattle in the U.K., Murrayet 

al. (1996) reported that of 8645 lesions observed, 28 per cent were sole ulcers, 22 per 

cent were white line lesions and 13 per cent of those seen were found to have digital 

dermatitis or "foul-in-the-foot". Similar proportions of claw lesions were found in this 

study. Both the sole ulcer and white line disease groups were hypersensitive to the 

noxious stimulus at day 28 whereas the acute digital tissue infection group had 

nociceptive thresholds which were not significantly different from the control group by 

day 28. Sole ulcer and white line disease are both chronic progressive lesions which 

have a prolonged developmental period possibly related to an earlier laminitis or 

subclinical laminitis episode (Vermunt, 1992). Not only are these two claw conditions 

chronic in nature, the treatment given, as described in Table 4.3.1, is often radical and 

invasive requiring a prolonged recovery period. These factors combine to produce a 

prolonged noxious input from the periphery. By contrast "foul-in-the-foot" and digital 

dermatitis, both acute digital tissue infections, are rapid in onset and equally rapidly and 

effectively treated with systemic or topical antibiotic therapy (Blowey & Sharp, 1988; 

Blowey, 1992). It is the acute nature of these conditions and the rapid effective 

treatment which may explain the absence of hypersensitization 28 days after treatment; 

the noxious input may not be sufficient to result in prolonged central summation of 

information. 
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Studies in humans with an inflammatory condition have recorded reports of pain at the 

inflammatory site but also increased sensitivity (hyperalgesia) to a noxious stimulus 

applied at a distance from the lesion (Levine & Taiwo, 1994). This is referred to as 

secondary hyperalgesia. In addition, people in this hypersensitized state also show an 

increased sensitivity to non noxious stimuli away from the site of the lesion, a condition 

is described as allodynia (Woolf, 1994). It is 'secondary' hyperalgesia which has 

important implications for the long term severity and management of pain. In this 

study, cattle displayed hypersensitization associated with the activation of physiological 

pain mechanisms at a peripheral and/or central level even after apparent clinical 

resolution of the lesion. The most effective prevention of suffering due to lameness is 

the prevention of lameness itself. It may, however, also be prudent to consider options 

such as the use of analgesics, not only to relieve acute pain when the lesion is fITst 

recognised and treated but also to prevent the development of hyperalgesia. 

The measurement of a true basal level for plasma cortisol concentrations in cattle 

presents difficulties because restraint is required for sampling to take place Fisher et al. 

(1997) measured pre-treatment cortisol levels in beef heifers via an indwelling jugular 

catheter while the animals were haltered in their usual accommodation. The cortisol 

concentrations of these animals before treatment commenced was in all cases less than 

25 n mollL. Fisher et al. (1996), using a similar sampling protocol to Fisher et al. 

(1997) when measuring plasma cortisol concentrations in calves, found the average 

cortisol concentration prior to any experimental treatment was 27.8 n mollL. Molonyet 

al. (1995) reported plasma cortisol levels of 20 - 38 n mollL in calves sampled by 

venepuncture prior to castration. Finally, SchwartzkopfGenswein et al. (1997) carried 

out 14 days of handling prior to sampling from jugular catheters in order to habituate a 
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group of yearling heifers to the restraint procedures. The range of control plasma 

cortisol concentrations collected from these heifers was between 27.8 to 38.9 n molll. 

In the current study the median cortisol concentrations of 26.9 n mollL and 28.5 n 

mollL for sound and lame animals respectively suggest that the cattle were firstly, not 

unduly fearful of entering the crush and secondly, that chronic lameness had not 

resulted in a detectable alteration in basal plasma cortisol concentrations. This reflects 

the fmdings of Ley et al. (1996). 

The second plasma sample showed a significant increase in cortisol concentration. This 

increase was of a similar magnitude for both the sound and lame cattle. The procedure 

of lifting a hind limb and examining the claws resulted in a rise in plasma cortisol in 

both groups regardless of whether a routine claw trim or lesion treatment was carried 

out. 

It has been reported that rats subjected to a chronic stressor showed increased reactivity 

of the HP A axis when subjected to a novel acute stressor (Restrepo & Armario, 1987). 

Although the lame cattle were subjected to a chronic pain stimulus, sensitization of the 

HPA axis was not apparent in this group. Alternatively, the results of this study may 

have been influenced by factors such as the timing and number of plasma collection 

which gave no indication of the rate of the cortisol response. Also the feedback systems 

within the HPA axis may have resulted in a maximum 'ceiling' of plasma cortisol 

concentration being reached for both groups. Sixt et al. (1997) used measures of 

plasma cortisol in a comparison of two cattle claw trimming methods. The maximum 

cortisol peak reached 103.97 n mollL when the cattle were kept in a lying position on a 

tilt table. SchwartzkopfGenswein et al. (1997) measured a peak plasma cortisol 
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response of 97 n mollL when branding cattle. These max1ll1um response levels 

measured in the current study are in the same order of magnitude (92.2 and 94.92 n 

mollL) which may support the supposition that the ceiling of the bovine cortisol 

response was reached. 

There is conflicting evidence that diurnal variation occurs in the concentrations of 

circulating plasma cortisol of cattle. Shaw & Tume (1990) commented that evidence 

for diurnal variation has been reported for bulls but not in calves whereas Abebe et al. 

(1992) found no evidence of a diurnal rhythm of plasma cortisol in bos-indicus cattle. 

To control for the possibility of this variable, all plasma samples were collected 

between the times of 1000 & 1200 hours. Further to this Lester et al. (1991) reported 

that repeated venepuncture in lambs did not have a significant effect on mean plasma 

cortisol concentrations. It was assumed from this result that the repeated venepuncture 

of the cattle would not cause a significant alteration in plasma cortisol. 

The plasma cortisol concentrations measured prior to examination of the claws in these 

cattle suggest that the chronic lameness condition did not result in any adaptation of the 

lIP A axis. However, a different approach to sampling, after the stressor of the leg lift 

had been applied, would be required to examine possible up-regulation in the cortisol 

response after a period of chronic pain and lameness. 
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6.1 Introduction 

An important aspect of the assessment of pain in humans is through behavioural 

observation. This is even more the case for animals, as they lack the ability to 'self 

report' their pain experiences. The UAB pain behaviour scale devised by Richards et 

al. (1982) used observable behaviours such as facial grimaces, non-verbal vocal 

complaints and mobility to assess the degree of pain experienced by a patient. Because 

of the emotional component of pain, human patients are unreliable in describing the 

severity of their pain. As Craig et al. (1992) commented people inevitably bias and 

modulate reports of their suffering in order to maximise personal benefit. The same 

argument may be applied to behavioural observations of pain. Goodman et al . (1997) 

found that the response of the spouse to observable pain behaviour influenced the 

frequency and magnitude of such behaviours. i.e. an overly sympathetic social 

environment enhanced the pain behaviours of the patient. Nevertheless, it is changes in 

behaviour which give us our most direct insight into whether an animal is experiencing 

pam. 

Gross observations have been used in the clinical evaluation of pain in cattle. Sandford 

et al. (1986) listed a dull and depressed demeanour, inappetence, weight loss and, 

where applicable, a sudden drop in milk yield as signs of pain in cattle. Also, rapid 

shallow respirations and either a violent reaction to examination or a rigid posture on 

handling designed to immobilise the painful region. Finally, grunting or the grinding of 

teeth can be interpreted as indicators of pain. However, all of these behaviours are non

specific and may in some instances be misleading. 
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The milking parlour has frequently been used as an area for observing behaviour in 

cows. The parlour provides a focal point where a clearly defined and repetitive routine 

takes place. It is also a place where the herdsman most regularly sees the cows. A 

number of studies have examined the order and side preferences of cows as they enter 

the milking parlour (Gadbury, 1975; Rathore, 1982; Hopster et al., 1998). Dairy cattle 

have specific side preferences and display some consistency in their order of entry into 

the parlour. This is most significant during the fITst % of the lactation therefore there is 

an opportunity to examine factors which may interfere with established parlour 

behaviours. Horrell et al. (1984) examined readiness to enter the parlour, restlessness 

and elimination behaviour once in the parlour and fluctuations in milk yield as 

indicators of oestrus in dairy cows. As part of a study of the behaviour of lame cows 

during the summer period, Hassall et al. (1993) looked at the rank and restlessness of 

lame cows entering the milking parlour 

6.2 Materials & Methods 

During a nine month period from May 1996 to January 1997, fifteen lame cows and 

fifteen sound cows, matched as closely as possible for parity and stage of lactation were 

observed for one milking in the parlour. On a weekly basis, throughout the period of 

the study, the order of entry of the cows into the parlour was recorded. The order, 

relative to the rest of the herd, at which a cow entered the parlour on the day lameness 

was observed was compared with the median figure for their parlour attendance 

collected over the previous six weeks. This was then compared with the results for the 

paired control animal calculated in the same manner. During milking a series of 

behaviours such as paddling of feet, lifting one limb and kicking were observed and 
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their frequency recorded for both the lame and control animals. The milk yield and the 

rate ofmilk-tlow were also recorded for both groups as well as the previous days' milk 

yield for each individual being retrieved from the parlour computer. 

Experimental Protocol 

The herdsman selected cows which were unilaterally lame in one hind limb and this 

selection was conftrmed using the NRS6 lameness score (Whay et al., 1997) (see 

Chapter 2). The observer then selected a control cow as a pair, based on parity and 

calving date information. The control individual was then assessed, using the NRS6 

lameness score, to ensure that the selected cow had a sound gait. As each cow entered 

the parlour it was numbered according to where it entered, the number represented its 

place in the order of entry into the parlour for that milking. This number did not 

discriminate between the side of the parlour the cow entered. The order of entry for 

each cow was recorded once a week throughout the nine months of the study, either by 

the observer or the herdsman. This allowed comparison between the lame and control 

cows entry position on the day that lameness was reported with their six previously 

recorded positions in the parlour. Any difference in the change of entry order between 

lame and control individuals was then analysed. 

At the commencement of milking, a series of behavioural observations was recorded in 

a manner shown in Table 6.1 with the frequency of the behaviours being noted also 

where appropriate, which limb was involved. The duration of milk-flow from 

attachment of the last teat cup to automatic cluster removal and the total yield for that 

day were recorded, from which the rate of milking could then be calculated in kg / 
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second. Finally, the previous day's milk yield for both lame and sound cows was 

retrieved from the parlour computer. The parlour was a 12/12 herringbone design and 

the milking system used was a computerised, in line, Fullwood Fusion II model 

(Fullwood Limited, Shropshire). The collection of milk yield data allowed analysis for 

any sudden changes in yield as discussed by Horrell et al. (1984) in their study of 

oestrous behaviours in the milking parlour. 

Observation of behaviours in the parlour during milking 

Table 6.1 Table used for the recording of milking and behavioural data from dairy 

cattle observed during milking. 

COW No. LAME LIMB 

DATE 

MILK FLOW RATE TOTAL 
YIELD 

Hind feet behaviour Left hind Right hind Total 

stands still throughout 

paddles (both feet) 

lifts one foot 

eases weight off one foot 

kicks during cluster 
attachment 

kicks cluster during milking 

kicks cluster off 
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Table 6.1 shows the format in which the behaviours in the parlour were recorded. 

These behaviours were identified during a small pilot study in which all the movements 

of the cows during milking were noted. Each time the cow displayed a behaviour it was 

marked on the sheet in the column for the appropriate limb. This allowed identification 

of the frequency of each behaviour and to which limb it was specific. 

Statistical Analysis 

An Anderson-Darling normality test showed that all the data, with the exception of milk 

flow rate, did not follow a normal distribution and so were analysed using 

nonparametric statistical tests. The milk flow rate was analysed using a paired Students 

t-test. The behavioural data from the lame and sound cows was compared using the 

Wilcoxon signed rank test for paired data. A percentage change was calculated to 

compare differences in the order of entry into the parlour and any milk yield change in 

both groups. This was also analysed using the Wilcoxon signed rank test. 

Treatment of Lame Animals 

All animals were treated by the farmer's veterinary surgeon after recording had taken 

place. 
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6.3 Results 

Order of entry into the parlour 

Table 6.2 Order of entry into the parlour for both lame and sound cows on the day 
lameness was observed and for the median of the six previously recorded visits. 
Percentage change in order entry is also shown. 

Median for six previous recorded 
visits 

Day lameness was observed 

Percentage change in entry order 

Where I.Q.R - Interquartile Range 

Position on entry into the parlour 

Lame group Sound group 
median I.Q.R median I.Q.R 

38.5 11.37 46.0 16.37 

50.0 16.75 46.0 15.25 

22.2 per cent o per cent 

Table 6.2 shows that on the day lameness was fIrst observed the lame cows entered the 

parlour later than on the six previous periods of observation, while the position of the 

sound individuals remained steady. The percentage difference in order of entry into the 

parlour between the cows on the day of observation and the median of the six previous 

visits showed a signifIcant difference (P < 0.05) between those cows which were lame 

on the day of observation and their matched controls. The percentage change in order 

was 22.2 per cent and 0 per cent for the lame and sound groups respectively. 
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Behavioural observations recorded during milking 

Table 6.3 shows that of the behaviours recorded, only observations of cows easing 

weight off one hind limb during milking were significantly different between the two 

groups (P < 0.05). A comparison of the behaviours observed between the lame and 

sound limbs of the lame cattle showed that the greatest number of behaviours were 

displayed by the lame limb (P < 0.001). There was no significance between the 

behaviours attributed to the left and right hind limbs of the sound control cows. 

Table 6.3 Observations of behaviours displayed during milking associated with the 

hind limbs of lame and sound dairy cattle. 

Behaviours during milking Lame group Sound group sig. diff. 
median I.Q.R median I.Q.R 

paddles (both feet) 0 0.5 1 1.0 NIS 

lifts one foot 8 3.5 3 3.0 NIS 

eases weight off one foot 1 2.0 0 0.5 P<0.05 

kicks during cluster attachment 0 0 0 0 NIS 

kicks cluster during milking 2 1.5 1 1.25 NIS 

kicks cluster off 0 0 0 0 NIS 

Milk-flow rate 

The milk flow rate, reported in kg/second, was not significantly different between the 

two groups. The mean flow rate for lame cows was 0.023 kg/second ± 0.002 s.e.m and 

for the sound cows 0.025 kg/second ± 0.002 s.e.m. 
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Milk yield 

A comparison of the percentage change in total milk yield from the previous day to the 

day of observation showed no significant difference between the lame and sound 

groups. The median value for the percentage change in milk yield for lame cows was 

4.35 per cent (7.01) and for the sound cows 4.26 per cent (7.59). 

219 



Chapter 6 

6.4. Discussion 

The lame cows entered the parlour later than on their six previous visits. This change in 

order of entry was found to be significantly different from the control cows whose order 

of entry into the parlour remained stable. There are difficulties in measuring the order 

of entry into the parlour which are associated with the changing dynamics of the herd 

over an extended period of time. Actual numbers of cows in milk will alter as a result 

of drying off or calving, especially in a seasonally calving herd. This will inevitably 

'shunt' the order of entry of many cows, especially those cows who tend to enter the 

parlour towards the later part of the milking. In addition, Soffie et al. (1976) reported 

that there is some positive correlation between entrance into the milking parlour and 

dominance order. This will change the departure and entry of cows within the milking 

group. The disrupting influence of individuals bulling within the herd will also 

contribute to short term alterations in entry order. Finally, as Gadbury (1975) reported, 

not all cows have a specific preference for the order in which they enter the parlour. 

Efforts were made to control for these factors by restricting the calculation of the 

previous order of entry to the preceding six weekly recordings. Further, matching the 

control animals for stage of lactation using the date of calving was designed to ensure 

that the lame and control cows would be influenced, in part, in a similar manner by 

changes in herd dynamics. 

Clackson & Ward (1991) found that lame cows could be observed walking at the rear of 

the herd when being brought in to be milked during the Summer grazing period. 

Hassall et al. (1993) suggested that the late arrival of the lame cows to the parlour may 
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have accounted for their late entry. This seems unlikely to be the complete explanation, 

since the cows in this study were given ample time in a large collecting yard to move 

about and make their way to the parlour entrances. It is, however reasonable to assume 

both that lame individuals may have been reluctant to push their way through to the 

front of tightly packed groups of cows and that the discomfort of bearing weight on the 

lame limb while walking may lead to some individuals standing still until actively 

encouraged up to the parlour by the milker . Woolf (1994) discussed the development 

of secondary hyperalgesia associated with tissue lesions where the area of 

hypersensitization to noxious stimuli extends beyond the region of the primary lesion. 

In addition the phenomenon of allodynia results in potentially large areas of skin 

signalling non-noxious stimuli, such as brushing against other cows, as being painful. 

In some instances it may be that as secondary hyperalgesia and allodynia develop that 

crowding into the herringbone parlour and milking itself becomes uncomfortable / 

painful to the animal. This may further contribute to the apparent reluctance of some 

lame cows to enter the parlour to be milked and it may also contribute to the greater 

amount of fidgeting displayed by the lame cows during milking. 

During milking the lame cows were observed to ease their weight off one foot 

significantly more often than the control group. This fmding supports those of Hassall 

et al. (1993). Any movements observed in the control cows were evenly distributed 

between the hind limbs while the lame cows moved the lame limb significantly more 

than the sound limb. However, movement and changes in weight bearing were not 

exclusive to the lame limb. Observations of the cow easing the weight off one foot 

often took the form of a redistribution of weight between the medial and lateral claws 

or the weight bearing surface of the claws being tipped towards either the heels or the 
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toes of the limb. This provided useful information about the more discrete ways in 

which cattle adjust to cope with lameness and indicate specific regions of pain. The 

behavioural observation sheet used in a subsequent study (chapter 7) employed these 

more discrete observations to examine the potential for using more behavioural 

techniques than lameness and locomotion scoring alone and to look for signs of pain 

being displayed by lame individuals while stationary. 

Horrell et al. (1984) measured small reductions in milk-flow throughout the herd as a 

whole when individuals within the herd were exhibiting oestrous behaviour. Butler et 

al. (1992) reported a systemic smooth muscle control which influenced the milk-flow 

through the teat canals of cattle although milking with pulsation has an enhancing effect 

on the rate of milk-flow. Milk-flow rates can have important health implications for the 

cow. Grindal et al. (1991) found the probability of Streptococcus mammary infection 

increased in cattle with high peak milk-flow rates. There was no difference between the 

milk-flow rates of the lame and sound individuals in this study. This indicated that 

lame individuals were not holding back milk or being exposed to an increased risk of 

mammary infection due to changes in milk-flow rates. 

It has been speculated that a drop in milk yield associated with lameness in dairy cattle 

(Esslemont, 1990 ; Greenough et al., 1997) may be the result of a decrease in food 

consumption. It is not clear whether decreased feed intake is the result of inappetence 

or a reluctance on the part of the lame animal to compete for food or whether the drop 

in milk yield is associated directly with the experiencing of pain. Changes in milk yield 

due to a reduced intake of food would be more likely to occur gradually. The data 

collected in this study took a very short term look at milk yield changes. A longer 
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period of milk recording in association with lameness was undertaken in chapter 7. No 

large or significant changes in milk yield were detected in the lame cows compared 

with the yield of the previous day. It is likely that a straightforward comparison of two 

days milk yield is not sufficient to measure small changes which may have taken place. 

Although it is interesting that on average both the control and lame cows showed a 4 

per cent drop in milk yield in one day. Finally, decreases in milk yield may have 

occurred during the developmental period of the lameness condition or prior to clinical 

observation of lameness by the stockman. 

This study provided a useful platform of information regarding the use of behavioural 

observations in the assessment of pain associated with lameness in these cattle. Areas 

of specific interest such as the distribution of weight bearing while standing and longer 

term monitoring of milk yield are expanded further in the following chapter. 

Additional measures such as changes in body weight and body condition score may also 

have provided useful data for this study had follow up visits been incorporated into the 

experimental design. 
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7.1 Introduction 

Demonstration that hyperalgesia may be detected in dairy cattle up to 28 days after an 

episode of claw lameness (Whay et al., 1998) (also see Chapter 4), suggests a potential 

for use of analgesics as a means of modifying the development and duration of this 

hypersensitization in lame cattle. In 1972 Ferreira found that infusion of PGE2 into the 

human forearm did not cause pain. This led to the belief that prostaglandins are not 

direct mediators of pain but cause hyperalgesia by sensitising sensory nerve endings to 

the effects of other mediators. As NSAID' s have been shown to inhibit PG synthesis 

they are likely, at least in part, to have a role in the control of hyperalgesia. Chambers 

et al., (1995) administered the NSAIDs flunixin meglumine or dipyrone to sheep with 

either a chronic inflammatory lesion associated with lameness or no pre-existing 

inflammation. The nociceptive thresholds, measured using a mechanical noxious 

stimulus, were recorded during the six hours following drug administration. Both 

groups showed a small but significant increase in threshold after treatment although this 

effect was found to be more variable in the lame sheep. Welsh & Nolan (1995), 

however, were unable to replicate these fmdings and recorded no antinociceptive effect 

of flunixin meglumine in lame and sound sheep within the first six hours of 

administration, although the repeated administration of flunixin over a period of three 

days reduced the responsiveness of lame sheep to the noxious mechanical stimulus. 

Ketoprofen (Ketofen, Rhone Merieux) is a potent NSAID with an anti-inflammatory 

and analgesic potency equivalent to indomethacin. While its antipyretic, anti

bradykinin activity and its prostaglandin synthesis inhibitory action are respectively 

four, eight and eight times greater than that of indomethacin (Julou et al., 1976). The 
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high therapeutic index of ketoprofen has made a treatment of choice for arthritis and 

postsurgical pain in humans (Kantor, 1986). Currently, there is, no objective 

information about the analgesic efficacy of ketoprofen in cattle. 

Behavioural indicators of pain in cattle are often discrete and difficult to interpret since 

cattle are prey animals which conceal signs of pain as part of a survival strategy. 

Administration of either ketoprofen or sterile saline to cattle may allow some 

differentiation of discrete behaviours related to the chronic hyperalgesia associated with 

lameness. 

Esslemont (1990) suggested that an episode of lameness resulted in a 4 per cent 

decrease in milk yield throughout the remainder of the lactation. Greenough et ai., 

(1997) reported a yield reduction of 120 litres over a lactation due to a case of digital 

lameness. The daily milk yield data collected from cows given either ketoprofen or 

sterile saline during the course of their treatment for lameness were examined 

retrospectively to see whether the administration of a NSAID had any effect on the 

recovery from this apparent reduction in milk yield associated with lameness 

7.2 Materials & Methods 

This chapter describes a randomised, controlled, observer-blinded study of the effect of 

ketoprofen on hyperalgesia associated with hind limb lameness in dairy cattle which 

was conducted on two commercial dairy farms in the Somerset area. The study was 

carried out during the period between June 1996 and May 1997. A group of 40 lame 

cattle was given a 3 day course of either Ketoprofen (3 mg/kg) or sterile saline (0.9% 
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NaCI) in conjunction with a conventional treatment regimen (foot-paring plus antibiotic 

therapy and blocking as necessary). Nociceptive thresholds, behavioural observations 

and milk yields were recorded throughout the study. 

Experimental Protocol 

The cattle were identified as having a unilateral hind limb lameness using the NRS6 

lameness score (Whay et al., 1997) (see chapter 2). Individuals were excluded if they 

had more than one limb affected or if gait abnormality was seen but lameness was not 

apparent. Any animal which had received analgesics or anti-inflammatory drugs within 

the previous 21 days and any animal requiring additional systemic or topical treatments 

with an analgesic or anti-inflammatory were also excluded from the study. The cattle 

were randomly assigned to receive either ketoprofen or sterile saline. Over the 

subsequent 28 days behavioural parameters and nociceptive threshold measurements 

were recorded. 

Table 7.1 Protocol for the observations, measurements and administration of either 
ketoprofen or saline to forty lame dairy cattle over a 28 day period. 

Drug 
Administration Observations & Measurements 

Day (ketoprofen / saline) 

Behavioural Nociceptive V AS Treatment 

Observations Threshold Assessment 
(Newtons) 

Day I(A) ,/ ,/ ,/ 
Day I(B) ,/ ,/ ,/ 
Day 2 ,/ 
Day 3 ,/ ,/ 
Day 8 ,/ ,/ 
Day 28 ,/ ,/ 
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Lameness scores and mechanical nociceptive threshold tests (described in Chapter 2) 

and behavioural observations were initially carried out on day 1. All measurements 

were made in the order of behavioural observation followed by lameness scores and 

[mally MNT testing so that behavioural observations were taken while the cattle were 

subject to minimum handling. The weight of the cattle was assessed by heart girth 

measurement using a weigh band (Dalton Supplies Ltd., Oxon) in order to calculate the 

drug administration dose at 3 mg/kg. One hour after the administration of either 

ketoprofen or sterile saline the behavioural observations, measures of lameness score 

and nociceptive threshold test were repeated. This was followed by treatment of the 

lesion using the standardized protocol shown in Appendix 7.1. At the time of treatment 

a V.A.S assessment was made to assess the relative ease or difficulty of treatment from 

the point of view of the animals' behaviour. The VAS was annotated from 'quiet / no 

kicking throughout treatment' through to 'requires sedation to treat'. The use of 

V.A.S's is discussed in greater detail in chapter 2. Intramuscular injections of 

ketoprofen or sterile saline were also given on days 2 & 3 at the same dose (3 mg/kg). 

Further behavioural observations, lameness scores and nociceptive threshold tests were 

made on days three (before the 3rd drug dose) eight and twenty eight. The protocol is 

illustrated in table 7.1. The daily milk yields of 25 cows were recorded throughout the 

28 days they were on the study plus a further 4 days to facilitate the analysis. 

Behavioural Observations 

Table 7.2 shows the record sheet of behavioural observation, including the recording of 

pulse and respiration rate, used during the study. The observations were recorded by a 

single observer while the cows were standing quietly in a collecting yard and 
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subsequently when they had entered the crush. Where appropriate the observer 

remained remote from the cattle while recording these behaviours. As Table 7.2 shows, 

the observations were annotated numerically, however, the numbers did not represent 

ranked scoring. 

Milk Yield 

The daily milk yield data were recorded from the cows on one farm only. The 

Fullwood Data Feed II System (Fullwood Ltd., Shropshire) was used to provide daily 

milk yields which could be down loaded directly onto an Acer portable personal 

computer ready for analysis. Data from 25 cows were included in the analysis, 11 of 

which received ketoprofen and the remaining 14 received sterile saline. 

Statistical Analysis 

The data from the mechanical nociceptive threshold tests were found to follow a normal 

distribution. These data were analysed using a repeated measures analysis of variance 

followed by a Tukey-Kramer multiple comparisons test. Further comparisons of the 

ketoprofen and sterile saline groups were carried out for each of the five measurement 

points using a paired Students t-test. The paired Students t-test was also used to analyse 

the VAS treatment assessment data and the respiration rates and pulse rates recorded 

from the cattle. In addition the respiration and pulse rate data were further compared 

using a repeated measures analysis of variance. The behavioural data were analysed to 

examine any difference in the rate of change between the scores attributed to either the 

ketoprofen of the saline groups over time. A Chi-squared (X2
) test for linear trend was 
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used to make this comparison at each time point. Further X2 analysis looked at 

longitudinal changes in linear trend which examines changes in behaviour within each 

group over time. The milk yield data were analysed using Daubechies' s Wavelet 

analysis which transformed the data into sequences of wavelet coefficients. The first 

two coefficient sequences smoothed the data which was then overlayed by the later 

sequences which describe the variation about the smoothed data. Wilk's Lambda test 

measured the within group variation in relation to the total variation followed by a chi

squared test to examine evidence for difference between treatments. Appendix 7.2 

contains a further description of Wavelet transformation analysis. 

Treatment of lameness 

A treatment protocol, shown in Appendix 7.1, was agreed between all those involved in 

the treatment of lameness. Treatment of lame animals was carried out by members of 

the University of Bristol, Large Animal Practice. 
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Table 7.2 Format for the behavioural observations recorded from lame dairy cows who 
received either ketoprofen or sterile saline 

COW No. DATE 

'OUT OF CRUSH' OBS. NOTES 
A Respiration rate 

Pulse rate 

B General aspect 1. fidgeting 
2. still 
3. rigid posture 

Hind leg straightness 1. normally straight 
2. mildly add. / abd. 
3. severely add. / abd. 

Slope of legs (lateral view) 1. normal 
2. abnormal 
3. severely abnormal 

Sole placement 1. sole flat to ground 
2. weight towards toe / heel 
3. weight towards med. / lat. claw 

Weight bearing (hind legs) 1. even 
2. slightly uneven weight bearing 
3. very little weight on one foot 

Alignment of pin bones 1. even 
2. slightly uneven 
3. obviously uneven 

Head and neck posture 1. normal (relaxed) 
2. raised or forward 
3. arched, stiff, abnormal 

Ears 1. normal, alert 
2. still 
3. laid back / down 

Eyes 1. observant - making eye contact 
2. looking away - disinterested 
3. wide, staring / abnormal 

C Response to environment 1. alert 
2. dulled 
3. apathetic 

Activities 1. just standing 
2. ruminating 
3. attentive 

Coat condition 1. good 
2. dull 
3. very poor 

Condition score 1. (1 - 2) 
2. (3) 
3.(4-5) 

Movement 1. moves away from observer 
2. reluctant to move 
3. will not move 

'IN CRUSH' EXAMINATION 

D Response to palpation 
Hock region 1. no response 

2. step away 
3. vigorous kick / stamp 

Fetlock region 1. no response 
2. step away 
3. vigorous kick / stamp 

Coronary band 1. no response 
2. step away 
3. vigorous kick / stamp 
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7.3 Results 

Table 7.3 The distribution of identified lesions causing lameness in cattle in both the 
sterile saline and the ketoprofen groups. 

Sterile Saline Ketoprofen 

Lesion identified Number Lesion identified Number 
of cases of cases 

Sole Ulcer 10 Sole Ulcer 5 
White Line Disease 5 White Line Disease 7 
Foul-in-the-Foot / Digital Dermatitis 2 Foul-in-the-Foot / Digital Dermatitis 2 
Miscellaneous Miscellaneous 
Axial Sand Crack 1 Chronic Laminitis 1 
Severe Slurry Heel 1 Toe Abscess 1 
Acute Fetlock Inflammation 1 Severe Sole Bruising 1 

Peracute Foul 1 
Acute Laminitis 1 
Acute Soft Tissue Inflammation 1 

SUBTOTAL SUB TOTAL 

Chronic 17 Chronic 16 

Acute 3 Acute 4 

The distribution of chronic and acute lesions between the two groups was found to be 

almost even (Table 7.3). The types of lesion were not matched between groups in the 

study because, when individuals were presented as lame, they were randomly assigned 

into a treatment group to which the observer was blinded. 

Nociceptive Threshold 

The mean nociceptive threshold for all cattle on day I was 7.7 Newtons ±O.17 s.e.m. 

Although there was no non-lame group for direct comparison in this experiment this 

value was substantially lower than the nociceptive threshold of sound cattle (13 

231 



Chapter 7 

Newtons) reported in chapter 4. This suggests that these lame cattle were exhibiting 

hyperalgesia on day 1. Figure 7.1 shows the mean nociceptive thresholds for both 

groups measured on days 1, 3, 8 and 28. The repeated measures analysis of variance 

showed no significant changes in the thresholds of the sterile saline groups over a 28 

day period. This indicated that hyperalgesia persisted at a constant level (mean 

threshold of 8.7 Newtons ±0.33 s.e.m) throughout the study. In the group which 

received ketoprofen the nociceptive thresholds were significantly increased on days 3, 8 

and 28 when compared to day 1 (P < 0.01). The nociceptive thresholds for the cattle 

which received ketoprofen were 10.0 Newtons ±0.56 s.e.m, 10.3 Newtons ±0.61 s.e.m 

and 10.6 Newtons ±0.73 s.e.m on days 3, 8 and 28 respectively. If a nociceptive 

threshold of 13N is taken as 'normal' this suggests that even those animals receiving 

ketoprofen continued, to some degree, to be in a hyperalgesic state throughout the 28 

days. The paired Students t-test did not reveal any further differences between the two 

groups at each measurement point. A General Linear Model showed that the gait of all 

animals in both groups improved significantly (P < 0.001) during the course of the 

study. However, ketoprofen was not found to influence this rate of improvement 

significantly when compared with sterile saline. 

Visual Analogue Scale Treatment Assessment 

The V.A.S assessment for the ease or difficulty of treatment after drug administration 

found a significant difference between those animals who received either ketoprofen or 

sterile saline (P < 0.05). The mean V.A.S score for the treatment of cattle that were 

given sterile saline and ketoprofen were 38.8 ± 5.09 s.e.m and 23.7 ± 4.09 s.e.m 

respectively. One animal which required sedation was excluded from the results as it 
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was known from previous experience that sedation would be required regardless of the 

procedure being performed. 

Behavioural Observations 

The summary results of the behavioural observations are shown in Table 7.4 (complete 

series shown in appendix 7.2) Within the cross-sectional sets of observations the -l test 

for linearity only revealed significant differences in head and neck posture between the 

two groups at day l(A) (P<O.05) and at day l(B) (P<O.05) and a significant difference 

in coronary band palpation at day 3 (P<O.05). No significant differences were found 

between the respiration rates and pulse rates of those cows given sterile saline and those 

which received ketoprofen. Equally, there was no significant change over time within 

each of the groups. 

Table 7.4 Behaviour observations which showed a significant difference in linearity 
between those animals who received ketoprofen and those who received sterile saline 

Observed 
Behaviour 

Head & Neck 
Posture 

Day of 
Obs. 

1 

normal 

Ketoprofen 

2 

raised & 
forward 

Sterile Saline 

3 1 2 3 

arched normal raised & arched & 
& stiff forward stiff 

Sig. 

Day l(A) 19 1 0 13 6 1 P=O.02 

Day l(B) 18 2 0 12 7 1 P=O.03 

step kick/ no step away kick/ no 
Palpation of response away stamp response stamp 

Coronary 
Band 

Day 3 9 5 6 2 9 9 P=O.04 
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Changes in linear trend were found over time among the sub-sections in the behavioural 

observations of slope of legs, sole placement, weight bearing, pin bone alignment, head 

& neck posture, coat condition and body condition score within the two treatment 

groups. In most instances these changes only involved two of the three subsections 

with an initially high proportion of cows in one subgroup decreasing through the course 

of the study while one of the other sub-observations showed a corresponding increase in 

membership over time. Within the ketoprofen treatment group over time the 

distribution of weight bearing between the hind legs showed significant changes in all 

three subgroups. Table 7.5 shows which behavioural observations were influenced by a 

temporal component and in which direction the membership of the sub-groups changed. 

The complete series of behavioural observations can be found in appendix 7.2. 

Milk Yield 

Figure 7.2 shows the mean yields on days 1 to 32 for the two treatments (the open 

circles represent the saline treatment and solid circles denote the data group from 

animals treated with ketoprofen) and the two solid lines are generated from the average 

values of the fIrst eight wavelet coefficients for each treatment. The X
2 

analysis found 

no difference in changes in milk yields between the two treatment groups (P = 9.14). 

The Wilk's lambda test (P = 0.602) indicates that the difference between groups which 

can be observed in figure 7.2 is obscured by large within treatment variations in the 

results. 
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Table 7.S The direction of significant changes in group membership of behavioural 
observations over the 28 days of the study. 

Behavioural 
Observations Ketoprofen Sterile Saline 

Slope of legs 
N IS 2. abnonnal 1. nonnal 

(lateral view) P = 0.009 • 
Sole Placement 2. weight to 1. sole flat to 2. weight to 1. sole flat to 

heel I toe ground heel I toe ground 

P = 0.004 • P < 0.001 • 
Weight Bearing 3. weight 2. uneven 1. even 3. weight 1. even 

(hind legs) on one foot weight on one foot 
P = 0.01 • P < 0.001 • 

P < 0.001 • 
Pin Bone 3. obviously 1. even 3. obviously 1. even 

Alignment uneven uneven 

P < 0.001 P < 0.001 • • 
Head & Neck 2. raised & 1. nonnal 

Posture N IS forward (relaxed) 

P = 0.02 • 
Coat Condition 2. dull 1. good 

N IS 
P = 0.01 ~ 

Condition Score 3.(4-5) 1. (1 - 2) 
N IS 

P = 0.03 ~ 
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Figure 7.1 Comparison of the nociceptive thresholds of cattle that received 
either sterile saline or ketoprofen. The ketoprofen group showed a significant 
increase in nociceptive threshold at days 3, 8 and 28. 
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either kctoprofen of sterile saline during treatment for hind-limb lameness. 
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7.4 Discussion 

The results of the nociceptive threshold tests show that ketoprofen administered over 3 

consecutive days was able to significantly modulate the hyperalgesia associated with 

lameness in these animals. This modulation of hyperalgesia was not seen in the sterile 

saline group over the 28 days of the study. The MNT of cows who received ketoprofen 

increased significantly signifying a reduction in hyperalgesia, on days 3, 8 and 28 when 

compared to thresholds on day 1. However, these thresholds had not returned to the 

normal values established in chapter 4. 

The results of the GLM showed that treatment of the foot lesions alone, as assessed by 

lameness score, was not significantly more effective in the group which received 

ketoprofen than the group which were given sterile saline. Also the distribution of 

lesion types, both acute and chronic, were found to be even between the two groups. 

This demonstrates that factors such as efficacy of treatment and type of lesion, which 

may have an effect on the duration of hyperalgesia, appeared to be evenly distributed 

between the two groups. 

It has generally been accepted that the primary analgesic effect of NSAIDs is due to the 

peripheral inhibition of prostaglandin synthesis. It has, however, now become apparent 

that, in addition to their effects on PG synthesis, some NSAIDs are believed to affect 

the synthesis and activity of other neuroactive substances which play a crucial role in 

the processing of nociceptive inputs within the dorsal hom (McCormack, 1994). The 

spinal receptors of SP (NK-l) and ofNMDA (glutamate) are known to activate several 

intracellular processes, including the formation of PGs (Marriott et aI., 1991). 
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Malmberg & Yaksh (1992) found that intrathecally administered NSAIDs reduced the 

behavioural hyperalgesia evoked by the spinal action of SP and NMDA. However, the 

mechanisms by which NSAIDs exhibit central action are not yet fully understood and it 

is likely that inhibition of PG formation is not the only mechanism involved. 

In order to achieve any spinal activity when administered parenterally, for example via 

an intramuscular route, NSAIDs must be able to cross the blood-brain barrier. Netter et 

al. (1985) reported the presence of ketoprofen in cerebrospinal fluid after intramuscular 

administration. Similar reports have been published for other acidic NSAIDs 

(Bannwarth et al., 1990 ; Zecca et al., 1991). Although not all NSAIDs, for example 

ketorolac (Rice et al., 1993), are able to cross the blood brain barrier. The reason for 

this is unclear although it has been speculated that those NSAIDs which are found to be 

present in the CSF have some ability to modify the permeability of the blood-brain 

barrier to allow penetration (Amruthesh et aI., 1993). 

It has been proposed that surgical stress may cause some NSAIDs, especially 

ketoprofen, to indirectly modulate NMDA receptor activity. Certain NSAIDs are 

believed to increase the activity of hepatic tryptophan, 2,3-dioxygenase (TDO) in the 

presence of thyroid dysfunction. Thyroid dysfunction is a common outcome of the 

general stress response to surgery, reported by Ho et al. (1989) who found reductions in 

plasma thyroxine and thyrotropin up to 1 week post operatively. Changes in TDO 

activity leads to increased levels of the tryptophan metabolite kynurenic acid (KYNA) 

(Badawy, 1977 ; Moroni et aI., 1991) and it is KYNA which has been found to 

antagonise NMDA receptor activity in the spinal cord (Birch et al., 1988). 
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Although ketoprofen resulted in a measurable reduction in hyperalgesia associated with 

lameness in these cattle it is unlikely that any effect of 'wind up' which may have 

contributed to the onset of hyperalgesia was reversed. However, not only is this 

analgesic active at the peripheral site of injury but, as the literature suggests, there may 

be a central component to its activity. In addition, as the analgesic was administered 

one hour before treatment it may have had an effect in reducing the stress of what was 

frequently invasive foot paring. This study could not distinguish between the peripheral 

and central components of hyperalgesia consequently the site of activity of ketoprofen 

could not be determined. 

Landoni et al. (1995) studied the pharmacokinetics (PK) and the pharmacodynamics 

(PD) of ketoprofen using an acute inflammation model in the calves, measuring the 

effect of the i/v ketoprofen on serum thromboxane, exudate prostaglandin (PGE2), 

leukotriene, beta-glucuronidase and bradykinin induced swelling. A dose of 3mg / kg 

was administered intravenously. Initial fmdings showed that elimination half-lives for 

the S and R enantiomers of ketoprofen were very similar, indicating no 

enantioselectivity. The elimination half-life of keto prof en was found to be short at 0.42 

± 0.08 hours and the body clearance rate was high at 0.33± 0.03 L / kg / hour. 

Ketoprofen was cleared rapidly from the plasma. The PD study of the drug found that 

ketoprofen significantly inhibited all the variables measured with the exception of 

exudate leukotriene. 

Degraves et al. (1996) examined plasma concentrations of ketoprofen administered in a 

single i/v bolus at a dose rate of 3.3mg / kg to dairy cattle, again, the elimination half

life was found to be short at 0.49 hours. The short elimination half-life indicates that 
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the drug moves rapidly from the plasma to tissues, such as the inflammatory site, 

where it is pharmacologically active. Little is documented about the PK of 

intramuscularly administered ketoprofen in cattle. A comparison of the PK of 

ketoprofen given either via intravenous or intramuscular routes to rabbits (Wong & 

Wang, 1994) found a lag in the systemic availability of the ilm administered ketoprofen 

when compared with the ilv route. 

The V.A.S assessment of the cows' behavioural response to treatment showed a 

significant difference between the ketoprofen and sterile saline groups. In the current 

study cows were given either ketoprofen or sterile saline one hour before treatment of 

the foot lesion. The PKlPD data mentioned above suggest that in those animals which 

received ketoprofen some drug activity would already be taking place at the 

inflammatory site by the time treatment commenced. Despite this, no difference 

between the nociceptive thresholds of the two groups was detected on day one. 

The behavioural observations could be subdivided into three groups; observations 

related specifically to lameness, observations such as head and neck posture which are 

indicative of demeanour and fmally, responses to palpation of the lame limb. Palpation 

of the coronary band showed significant differences in cross-sectional observations 

between the two groups, with the cows who did not receive ketoprofen demonstrating a 

more vigorous 'kick' response. This difference was detected on day 3 after the 

ketoprofen had been administered for two consecutive days. It is likely that this 

corresponds with the activity of the drug at the inflammatory site. The other significant 

difference between groups was observed in the posture of the head and neck. It is 
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interesting that this difference in demeanour was observed although postural changes 

cannot be completely separated from the influence of lameness. 

Changes in the behavioural observations over time, illustrated in figure 6.5, are 

primarily related to locomotive type improvements which would be expected during 

recovery from lameness. Coat and body condition were also seen to change in the cattle 

which received ketoprofen, these parameters may have been influenced by the lameness 

condition itself but are also likely to have been affected by the demands of milk 

production. These results are of interest because they indicate the types of behavioural 

expressions which may be used to further assess lameness and also to follow the 

efficacy of the treatment of lame cattle. 

Behavioural observations usually form the basis for the clinical diagnosis of pain in 

cattle. The behavioural observations in this study showed few differences between 

groups (as distinct from the nociceptive threshold data). As both groups of cattle were 

still hyperalgesic to different degrees, at the end of the study it may not be reasonable to 

expect large differences in spontaneous behaviour in the two groups. The behaviours 

which did show changes were more indicative of the general clinical condition rather 

than providing clear indices of pain experienced by the animals. It is also likely that the 

natural stoicism of cattle further confounds the potential for the use of behavioural 

observations in the evaluation of pain in cattle. 

The milk yield data did not show statistically significant change between the two groups 

however figure 7.2 does imply that the ketoprofen group were showing some recovery 

of milk yield whereas the saline group showed a trend towards declining milk yield. 
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There was a large variability in the recorded milk yield data which appeared to mask 

any significance of this data. The data were collected from cattle at all stages of 

lactation so a considerable range of milk yields were included in the data, the wavelet 

analysis compensated for this anomaly, however, changes in milk yield were likely to 

be proportionally different depending on the yield of the cow at the onset of lameness. 

The milk yield recording equipment was not found to be reliable with repeated 

breakdowns and the generation of spurious results, changes in milker also contributed to 

variations in the consistency of the yield data. Finally, the milk yields of 25 cows was 

used in this analysis as only one farm had facilities for recording daily yield data. The 

size of this group was not adequate to contend with the high levels of variability 

encountered. 

The results however are encouraging in that they suggest that milk yields may be a 

potentially useful measure in studies of this nature when greater controls and numbers 

of animals are employed. 
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Chapter 8 

Chapter 8 GENERAL DISCUSSION 

tiThe question is not, Can they reason? nor, Can they talk? but, Can they suffer? " 

Bentham (1789) 

8.1 Introduction 

Lameness in domestic food animals has become recognised as a major welfare problem. 

In cattle the incidence of lameness in the national herd has been reported to be over 50 

per cent (Clarkson et al., 1996) making it the biggest of all welfare problems within the 

British dairy industry. Lameness compromises all the five freedoms as laid out by the 

Farm Animal Welfare Council (1993). The normal behaviours of an individual cow are 

modified by lameness and in many cases they become isolated from the herd exposing 

them to fear and distress, their ability to compete for food and possibly their appetite is 

reduced consequently weight loss through inadequate nutrition is frequently observed. 

In many other domestic species lameness is considered to be a painful condition and 

analgesia is offered to the sufferers. Spinelli & Markowitz (1987) wrote that if the 

animal displays signs of pain or discomfort then it should be assumed that pain is not 

tolerable and relief given. It is still not common practice to apply this rationale to lame 

cattle. 

The ethical implications of cattle lameness are wide ranging. Studies suggest that the 

incidence of lameness in cattle has increased over the last 30 years (Greenough et al., 

1997) however some herds report almost no clinical lameness at all. This implies that 

either the skills are available to manage lameness or some cows are resistant to 
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lameness (or both). Overall progress towards a national reduction in lameness is not 

being achieved, perhaps because lameness is not afforded the recognition as a disease of 

cattle that it deserves. Pain and discomfort are not always assumed by the observer and 

certainly pain is not treated as it is in dogs and horses. Lameness in cattle presents in a 

range of acute and chronic forms so a wide spectrum of pain management and relief 

strategies are needed. To achieve this a greater understanding of pain in cattle is 

required: how the animals perceive pain, how they display evidence of pain and 

development of effective methods for providing relief from suffering. 

The objectives of this thesis were to study the changes in observable behaviour of dairy 

cattle associated with lameness, the association of these observations with quantifiable 

parameters such as nociceptive threshold responses, endocrine responses, pathological 

changes in the claws and changes in weight bearing. The fmal objective, on the basis of 

the information gathered, was to conduct a study of the effects of systemic analgesia on 

some of the behavioural parameters and objective measures listed above. The central 

goal was to achieve a better understanding of the cow's perception of pain associated 

with lameness. 

8.2 The aetiology of sole lesions and lameness in heifers 

The investigation of associations between locomotion, claw lesions and nociceptive 

thresholds in dairy heifers spanning the peri-partum period found that some sole 

haemorrhage was observed in all the heifers, with 47 per cent of the group going on to 

show clinical signs of lameness (Wbay et al. 1997). The occurrence of the sole 

haemorrhages appeared to be linked to calving and the onset of lactation. Similar 
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fmdings have been reported by other workers (Edwards, 1982; Bergsten & Fr~ 1996) 

and this type of lesion is often the precursor to a range of more severe claw lesions 

which ultimately result in lameness (Vermunt & Greenough, 1994). The two studies 

reported in this thesis involving autumn calving heifers were not designed to 

discriminate between the many causal factors associated with the development of solar 

lesions and subsequent progression to lameness. Livesey et al. (1998) suggest that the 

magnitude and nature of lesions seen on the claws of dairy heifers is less in straw yards 

than in cubicle housing. It cannot be disputed that the type of winter housing is a major 

risk factor for claw damage but it is becoming increasingly clear that other risk factors, 

such as transition from grazing to a winter diet and housing, parturition, onset of 

lactation, joining the milking herd and the genetic predisposition of the animals, cannot 

be dismissed. 

The development of claw lesions such as sole ulcer and white line disease is believed to 

commence some time before lameness is observed clinically (Ossent & Lischer, 1995). 

The changes in relationship between claw growth and wear of recently calved dairy 

heifers seen prior to observable signs of claw lesions (Chapter 4) may be indicative of 

compensatory changes in weight bearing associated with the third phalanx exerting a 

'pinching' pressure on the corium below. At this early time the mechanical nociceptive 

threshold test and the visual scoring of locomotion were not sufficiently sensitive to 

detect subtle signs of pain or changes in weight bearing and stance. The prototype 

pressure plate described in chapter 2 was intended to be able to detect early changes in 

weight distribution across the soles of the feet however further development work will 

be required for it to give reliable and reproducible results. Although, the results of the 

preliminary work does show promise for the future. 
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8.3 Interpretation of locomotion and lameness scores 

Locomotion and lameness scoring have been the comer stone of all studies involving 

lameness in dairy cattle. They have been used not only as a means of identifying 

lameness but also to make a quantifiable (graded) assessment of the severity of 

lameness. The reasoning behind this appears sound as the behaviour of the animal may 

be expected to be directly related to their level of pain and/or discomfort. Observations 

are inevitably subjective and may be confounded by factors such as the individual 

animals' willingness to display lameness overtly and the observer's perception of what 

constitutes slight or severe lameness. During the course the studies reported in this 

thesis three different locomotion or lameness scores were compared but all fmdings 

were reported with reference to the NRS6 lameness score described by Whay et ai., 

1997; 1998. It was felt by the authors that this scale provided a scoring system that 

focused primarily on clinical lameness which suited the clinical focus of the studies. 

This does, however, highlight the importance of distinguishing between using 

locomotion and lameness scores and selecting the most appropriate scoring system for 

the study being carried out. 

It can be argued that no mature dairy cattle have the even and flowing gait which is 

observed in young stock. F or this reason there is room for debate as to whether it 

would be appropriate to alter our perception of what is acceptable as good locomotion 

in mature dairy cattle or whether to continue to search for a 7th lactation dairy cow 

which has a fluid gait. This question may be hypothetical but it is important to 

distinguish between a mechanically stiff gait an~ a gait that is not free flowing due to 

chronic joint pain or bilateral lameness. There is a need for improvements in the 
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monitoring and interpretation of the bovine gait Video technolo d . . gy an computer aIded 

image analysis has developed rapidly and may soon have a useful "I' b'· . ro e III 0 ~ectIve gatt 

analysis. In the mean time Sprecher et al. (1997) incorporated the arching of the back 

into a lameness scoring system which may be the basis of a new approach to assessing 

discomfort associated with movement in cattle. Whay (unpublished) found that 

walking cattle up and down slopes makes lameness more noticeable, this technique may 

have a rOle in assessing bilaterally lame animals and observation of sites of discomfort 

on the soles. 

8.4 Interpretation of nociceptive threshold tests 

Mechanical nociceptive thresholds measured at the metatarsus in adult cattle were 

substantially higher than those recorded in other species. The mechanical nociceptive 

threshold response levels measured in sheep (Ley et al. 1989; Main et al. 1995) and 

horses (Chambers et al. 1993) were on average 4N and 5N respectively. However, in 

this study there was a clear behavioural response to the noxious stimulus only at a 

stimulation level of 13 Newtons which was much higher than Ley et al. (1996) reported 

in dairy cattle. They recorded threshold responses in cattle of half this value 

(approximately 6 N) but these results could not be replicated in the current studies. It is 

possible that the observer (Ley et al., 1996) anticipated a response to the nociceptive 

threshold test which was influenced by previous experience gained while studying 

sheep. Alternatively, the fact that the tests on cattle conducted by Ley et al. (1996) 

were carried out in the parlour during milking could have affected the level of response. 

In the parlour the cattle were among their contemporaries, receiving parlour feed and 

were already more aware of interference around their hind legs as the milking clusters 
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were attached and removed. In the current studies indivI·dual cattl tr' d' e were res arne ill a 

crush, isolated from their contemporaries and were not encouraged into the drowsy 

state. A previous study found that heifers in a drowsy state showed lower mechanical 

nociceptive thresholds (Whay et al., 1996). In studies to establish a mechanical 

nociceptive threshold testing regime suitable for use in cattle (Chapter 2) heifers were 

restrained in groups using only head stocks and were offered feed throughout testing. 

The recorded threshold responses ranged between 7 and 10 Newtons. So, restraint, 

social isolation and state of arousal combined with the natural stoicism displayed by 

mature dairy cattle may contribute to the apparent differences between the work of Ley 

et al. (1996) and the work in this thesis. 

The thermal nociceptive threshold test did not yield significantly different results 

between sound and lame individuals (Chapter 3). The cut off for the thermal stimulus 

was set at 55°C since above this level the stimulus was observed to cause minor tissue 

damage. Nolan et al. (1987) reported a low threshold response variability in sheep at 

around 55°C when tested with a similar device and Price et al. (1977) found that 

humans felt a heat stimulus to be noxious at temperatures between 45-51 °C. Ley et al. 

(1989) compared the thermal nociceptive responses of sound and lame sheep again 

using an ear clip device. No significant difference in threshold response was recorded 

between the two groups. Ley and co-workers suggest that the pathway for transmission 

of the thermal stimulus to the brain followed a supra-spinal route so bypassed any 

influence of central sensitization of the spinal cord. This argument may also be applied 

to the failure to find any significant difference between the thermal nociceptive 

thresholds of lame and sound cattle, coupled with a low cut-off for the device and a 

notable reluctance on the part of cattle to have the device attached to their ear. 

249 



Chapter 8 

The nociceptive threshold results recorded during the course of this study did not 

demonstrate a graduated change which mirrored the transition from sound through mild 

to severe lameness as scored by the observer (Figure 5.2). This implies that either the 

nociceptive threshold test was not sufficiently sensitive to distinguish between 

graduated levels or, as indicated by Dickenson (1990), once a certain intensity of 

noxious barrage is transmitted from the periphery the mechanisms mediating central 

hypersensitization are simply switched on fully_ 

8.5 Other measures of pain and distress 

As Melzack & Wall (1965) discussed there is an emotional as well as a physiological 

component to a painful experience. Our awareness and perception of pain is 'clothed' 

by previous experiences, the circumstances which resulted in pain, the possible outcome 

of treatment, the attention we receive as a result of pain and so on. It is difficult to gain 

insight into the psyche of a dairy cow, and more so in terms which may be quantifiable. 

Behaviour still provides the most direct route to those experiences. The behaviour of 

lame dairy cattle, from observation of gait, through changes in stance to the amount of 

leg lifting and kicking during milking, imply, but do not confirm, that the cow is 

conscious of the lameness and is adapting in order to try to fmd some level of relief. 

This is supported by studies such as that of Singh et al. (1994) that lame cows choose to 

spend a greater proportion of their time lying down possibly at the expense of adequate 

food consumption. Postural and demeanour changes proved useful additional sources 

of information throughout the course of this study. It is not clear however what portion 

of the animal's perception of pain the behaviours reflect and the capacity of the 
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observer to recognise and interpret a range of discreet pain-related behaviours has not 

yet been fully evaluated. 

An easily quantifiable measure such as milk yield presents an obvious attraction as a 

measure of a change in cattle potentially related to pain but as discussed in Chapter 7, 

the experience of pain may not be the only reason for a change in milk yield with 

factors such as reduced food intake and lack of mobility being considerations when 

lameness occurs. Milk output presents a continuous and dynamic source of data which 

are difficult to utilize fully within current methods of analysis. Deluyker et al.(1990) 

used a Time Series model to carryout a dynamic retrospective study of milk yield and in 

this study Wavelet Analysis was used to retrospectively handle continuous milk yield 

data. In the future measures of milk yield may have a rOle in the early detection or 

prediction of disease. 

Chronic pain in humans is often associated with depression (Craig, 1994; Romano & 

Turner, 1985). This is primarily an emotional response however depression is a clinical 

condition which results in measurable biochemical changes. Platelet receptor levels 

have been found to adjust to chronic changes in circulating levels of oc2-adrenoceptors, 

5-hydroxytryptamine (serotonin) and imidazoline, all of which change in association 

with chronic depressive states (Metz et al., 1983; Biegon et al., 1987; Garcia-Sevilla, 

1989, Biegon et al., 1990; Edwards et al., 1991; Lione et al., 1996). Measurement of 

the receptor levels for these transmitters in chronically lame cattle could give some 

confirmation of cows' capacity to 'suffer pain'. Preliminary studies of oc2-

adrenoceptors levels in sheep were carried out during the post lambing period. This 

. 'd I t sigru· ficant difference in was used as a model of 'maternIty blues an an amos 
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receptor levels was detected m the ewes post partum (Ch b I - am ers et a., 1994, 

unpublished observations) 

8.6 Discussion of the major studies 

The development of lesions in the claws of fIrst lactation heifers took place at a time 

which related to parturition. Signs of sub-clinical laminitis were commonly seen along 

with postural changes which may be associated with structural changes within the 

claws. Changes in the nociceptive threshold response of the heifers to a mechanical 

stimulus, indicative of hyperalgesia, coincided with the development of lameness in a 

group of heifers during the post-partum period. Dairy cattle which were presented as 

clinically lame were hyperalgesic when compared to sound control animals. It was 

found that cattle with chronic claw lesions such as sole ulcer and white line disease 

continued to show an increased sensitivity to the nociceptive threshold test 28 days after 

the initial test and treatment. The nociceptive thresholds of cows with acute digital 

tissue lesions were not different from the control cows 28 days after treatment 

indicating that these animals were no longer hyperalgesic. Lame cattle given a three 

day course of the NSAID ketoprofen showed a reduction in sensitivity to the 

nociceptive threshold test at 3, 8 and 28 days after the beginning of treatment which 

was not seen in lame cattle who received sterile saline and not ketoprofen as part of 

their treatment programme. The thresholds of the cows to whom ketoprofen was 

administered did not return to the previously established values of sound cows but it 

does appear that some modulation of hyperalgesia was achieved through the use of an 

analgesic in these cattle. Clearly this has major clinical implications with respect to 

treating the pain not just the cause of the lameness. 
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All lame cattle used in the course of these studies were clinical cases recruited from 

commercial dairy farms. This made the studies relevant to the experiences of the 

'average' dairy cow and occasionally introduced factors which were not anticipated 

such as the presentation of bi-Iaterally lame animals. Field studies inevitably involve 

some compromise between the ideal and what is practical. Recruitment of large 

numbers of lame cows, as well as sound control cows presented problems both in terms 

of a long time course for studies and when the animals were requested again 28 days 

later when lameness was no longer apparent. The nature of dairy farming meant that 

cows were culled, dried off or developed other disease problems during the course of 

the study so excluding them and their paired contemporaries from the results. Many 

individuals had incomplete health records which meant that the possibility of pre

existing hyperalgesia due to previous disease or injury could not be discounted. 

Further, the diversity of lesion types (Murray et ale (1996) identified 15 different 

lesions in an epidemiological survey of lameness) encountered during a study 

complicated the analysis of data and reduced the numbers within groupings. The most 

appropriate approach to overcoming these problems would be to increase study group 

sizes but this re-emphasises the difficulties associated with large scale recruitment. 

The results of these studies did not make it possible to differentiate between the central 

and peripheral components of the sensitization. It is not however unreasonable to argue 

that the evidence of hyperalgesia at 28 days after initial presentation and treatment of 

the lameness, was likely to have required some central changes in order to be sustained 

over such a long period. Although not crucial to the detection of hyperalgesia 

associated with lameness in cattle it would be useful to make some differentiation 

between the role of peripheral and central mechanisms and their contributions to 

253 



Chapter 8 

sensitization. This might be achieved by perfonning the mechanical nociceptive 

threshold testing on both the lame (hind) limb and a fore-limb, however, the character 

of a fore-limb threshold response may not be directly comparable with a hind limb 

response. Alternatively, the non-lame hind-limb could be tested after apparent 

resolution of the lesion. If as current results indicate, hyperalgesia persists in the lame 

limb, be it centrally or peripherally mediated, there may be a residual reluctance to bear 

weight on the limb. This may tend to increase the observed threshold in the non-lame 

limb. Changing the site of testing to sites other than the limbs, investigating a different 

source of pain for example, mastitis or employing a different form of noxious stimulus, 

requiring a different character of behavioural response, are alternative approaches 

which could be employed. 

8.7 Pain, perception and implications for dairy husbandry 

The focus of the research has been to try to gain an insight into the perception of pain 

associated with lameness in dairy cattle. The evidence that lame cattle develop 

hyperalgesia indicates that cattle have the mechanisms for the transmission and 

processing of noxious signals in centres of the brain. Centrally mediated sensitization 

has not been directly confmned by these studies. Although, it seems unlikely that 

peripheral hyperalgesia would persist long after the foot lesions had healed. It is 

possible that disruption of the integrity of the dermal tissues supporting the pedal bone 

within the foot could be a chronic source of pain even after superficial sole lesions had 

cleared. 

254 



Chapter 8 

The analgesic effect of the NSAID ketoprofen in lame animals further supports the 

assumption that a lame cow is in pain. The behaviour of the cattle was not observably 

modified by the administration of the analgesic and the NSAID ketoprofen is not 

considered potent enough to give total relief from chronic pain. In addition our 

observational skills may not be advanced enough to pick up small behavioural changes 

displayed by the cattle. Studies involving the self selection of analgesics may allow 

cattle to express the importance they would give to relieving their perceived pain as 

demonstrated by Danbury et al., (1997) in broiler chickens. 

At this time there seems to be a general reluctance to acknowledge that cattle suffer 

pain which leads to the perception that lameness is not a disease of great commercial 

importance to the dairy industry. Once recognition of pain in lame cattle is achieved, 

progress can be made in relieving the suffering of these animals. Prevention of 

lameness is obviously the best cure for the associated pain but in the mean time the care 

of lame cattle should be direct towards providing alleviation of their pain, comfort and 

helping them to cope with their condition. 

Rapid and effective treatment of sole lesions is the most effective way of preventing the 

establishment of wind-up and the onset of chronic pain. The fITst phase of early 

treatment of lameness is the early identification of the condition. Furthermore, Murray 

et al. (1996) found that 51 per cent of lameness cases were treated by the farmer or 

stockman who, they speculated, had minimal formal training in the treatment of lame 

cattle. Unfortunately, many lesions have a prolonged phase of development and are 

slow to heal so chronic hyperalgesia cannot be avoided therefore it may be worth 

instigating a routine follow up check after treatment to monitor the progress of these 
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animals. The use of wooden blocks and cow slips are aids to the recovery of chronic 

lesions which require removal of claw hom and offer the cow relief from bearing 

weight on a painful claw. 

The environment in which a lame cow is housed can be managed to provide comfort 

and good access to food. Lame cows often have difficulty lying down and standing up 

in cubicle housing. A straw bedded loose box will provide space and comfort as well as 

avoiding the competition for food and space which occurs within the herd. A good 

level walking surface is of great importance to lame cattle. Rough, broken concrete, 

stony tracks and slopes exacerbate the suffering associated with lameness. 

Consideration by the herdsman in allowing the animal to walk at her own speed and to 

make allowances for abnormal behaviours in the parlour will also help the cow. 

The primary role of analgesics in cattle medicine is to provide immediate relief from 

suffering; a fact which does not require further qualification. Moreover, they playa 

part in reducing the long-term effects of a pain state such as central sensitization 

thereby facilitating the recovery of the animal. Finally, NSAID analgesics available for 

use in cattle have actions other than purely analgesia, for example, anti-inflammatory 

and anti-pyretic activity. The administration of local analgesia at the time of treatment 

has been traditionally used as a way of making the animal easier to handle. However, it 

should also be considered as a means of providing control of pain when it is likely to be 

at its most acute i.e. during treatment. This should then help to moderate the 

subsequent development of hyperalgesia. 
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Lameness in cattle is the biggest of all welfare problems within our dairy industry. This 

thesis highlights the suffering of cattle due to the chronic and acute pain associated with 

lameness. An understanding of cattle pain and how it is expressed provides the basis 

for developing well researched and well monitored strategies for its control. Some 

approaches to this have been described above and these point to the need for new 

integrated methods of lameness management which aim to reduce suffering and include 

the need for analgesia in cattle. 

The primary objective must remain the prevention of pain 

through the prevention of lameness. 
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Appendix 7.1 

LAMENESS TREATMENT PROTOCOL 

Where appropriate the foot will be trimmed and balanced before treatment of the lesion. 

Foul-in-the-foot 

Digital Dermatitis 

Sole Ulcer 

White line disease 

Sole penetration 

Heel erosion 
Under run sole 

Laminitis 

NOTE 

Antibiotic therapy - Excenel (nil milk withdrawl) 

Terramycin spray 

Paring away of the damaged hom of the sole back 
to the corium to allow the formation and growth of 
new hom. Paring back of affected claw to transfer 
weight to the unaffected claw. 

Paring away of separated claw wall back to the 
source of infection to allow formation and growth 
of new hom. Paring back of affected claw to 
transfer weight to the unaffected claw. 

Removal of any foreign body present, opening up 
of wound site to allow cleaning and facilitate 
healing. Paring back of affected claw to transfer 
weight to the unaffected claw. 

Will be trimmed back to the point of attachment 
to prevent further erosion. 

Trimming and balancing of the soles 

In severe cases, where necessary, wound dressing 
and wooden Demotect blocks will be used to further 
relieve weight bearing of the affected claw. 
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Appendix 7.2 

DISCRETE WAVELET TRANSFORMATION 

Dr Murray Lark, Silsoe Research Institute (personal communication) 

The discrete wavelet transformation (DWT) is a powerful technique for the analysis of 
data sequences. In summary, the wavelet is a localised analysis function. It is 
analogous to the sine function in the Fourier transformation, but because it is localised 
and rapidly damped, it does not make any assumptions about the overall variation of the 
signal. The wavelet function generates an analysing kernel which is moved across the 
data like a moving window operator. This generates localised analyses of the signal 
represented by a set of wavelet coefficients. The wavelet function may be shrunk or 
dilated to analyse the data in different degrees of detail. The DWT is analogous to 
examining the data sequence under a microscope. Shrinking the wavelet is equivalent 
to increasing the magnification. Dilating the wavelet is equivalent to reducing the 
magnification, and so viewing a longer portion of the data in a single field of view. 
Thus successive dilations of the wavelet generate decreasing numbers of wavelet 
coefficients. 

As an example, a sequence of 512 observations will be transformed by the DWT to 
yield 512 coefficients. 256 of these represent the highest resolution analysis of the data. 
Dilating the wavelet by one step generates 128 wavelet coefficients, which represent 
components of the data sequence resolvable at slightly coarser resolution. The wavelet 
may be dilated to a coarsest resolution which yields just two coefficients. The first of 
these coefficients describes the first 256 observations in the data set. The DWT used 
here generates what is known mathematically as an orthonormal basis of the original 
data. That means that the wavelet coefficients at different scales are independent of 
each other, representing separate additive components of the data. 

The reader may have noted that so far only 510 coefficients have been accounted for. 
The two remaining coefficients are known as the mother-function coefficients. They 
describe the residual of the signal when all the components at scales 2 to 256 are 
filtered out. 
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