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ABSTRACT 

 

 

AN EVALUATION OF HOCK, KNEE, AND NECK INJURIES  

ON DAIRY CATTLE IN CANADA 

 

 

Jessica Zaffino     Advisor: 

University of Guelph, 2012     Dr. D.B. Haley 

 

 

This thesis is an investigation of the prevalence of, and factors associated with, hock, 

knee, and neck injuries on dairy cattle in Canada. Tie-stall (n = 100) and free-stall farms  

(n = 90) were visited in Quebec, Ontario, and Alberta, Canada. Cows were scored for hock 

(tarsus), knee (carpus), and neck injuries on a 3 or 4-point scale combining the attributes of 

hair loss, broken skin, and swelling. Animal-based and environmental measures were taken 

which were hypothesized to be risk factors for injury. On tie-stall farms the mean herd-

level prevalence of hock, knee, and neck injuries was 56, 43, and 30%, respectively. On 

free-stall farms the mean herd-level prevalence of hock, knee, and neck injuries was 47, 

24, and 9%, respectively. Having sand stall bases, feed rail heights above 140 cm and 

managing cows to reduce slips and falls were associated with reduced injury prevalence. 
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Chapter 1: A review of the literature on dairy cattle injuries 

INTRODUCTION 

Injuries have long been recognized as a problem in the dairy industry, with published reports 

of hock and knee injuries dating back to 1953 (Heizer et al., 1953). However, the majority of 

literature investigating injuries is recent; of 49 papers collected for this review, 86% were 

published since 2000. This focus on injuries could reflect an increase in the problem more 

recently but likely is due to an increased sensitivity, awareness, and concern for the welfare of 

farm animals by industry, researchers, and the public.  

This chapter reviews the scientific literature on injuries in dairy cattle, focusing mainly on 

those to the hock, knee, and neck. The ways injuries have been defined and measured will be 

discussed, followed with examples of the impact injuries have on welfare and production. The 

prevalence and risk factors of injuries on dairy farms will be described.  

 

MEASURING INJURIES IN DAIRY CATTLE 

When defining any type of animal-based scoring system it should be reliable, valid, 

feasible, and ideally objective rather than subjective. Reliability is the ability of a measure to be 

consistent, repeatable and without random errors, whereas validity is how well the measurement 

captures what one intends to actually measure (Martin and Bateson, 2007). The use of objective 

measures or definitions (i.e., quantifiable and free from personal interpretation) is preferred, as it 

can improve the reliability of the scoring system compared to using subjective measures that are 

open to interpretation and individual differences in their application. Subjective definitions of 

injuries may include terms such as ‘extensive’ or ‘minimal,’ which could be translated into a 

measureable quantity or size, such as ‘three metres’ and ‘one metre’ to be made objective. 
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Feasibility relates to whether the proposed measurement procedure is possible, practical and 

worthwhile (Martin and Bateson, 2007) and is a very important consideration when taking 

measurements on commercial farms where one cannot have control over the conditions or farm 

routine. When feasibility becomes an issue, subjective measures may need to be used (e.g., when 

it is physically impossible to approach and measure an animal) and if designed carefully, a 

subjective or partially subjective scoring system can be both valid and reliable (Meagher, 2009) 

with adequate training of the observer(s). The terminology described above will be used 

throughout to review various methods and scoring systems used for injuries in the literature.  

A review of the literature on injuries to dairy cows should begin with a description of 

where on the body different injuries occur, what they look like and how they are scored. 

Regardless of the location, when injuries are described and measured in the literature the focus is 

always on three main attributes of an injury: hair loss, ulceration, and swelling. The terms 

ulceration, lesion, scab, scratch, rub, and wound are all used in the literature and appear to 

describe the same condition, which is that of broken skin or the resulting scab.  

Hocks, knees, and neck 

The term ‘hock’ refers specifically to the tarsus and ‘knee’ refers specifically to the 

carpus. Hock and knee injuries, followed by neck injuries, are the most commonly examined and 

are often scored using the same basic scales and definitions. Hocks are most commonly scored 

on the lateral aspect but have also been scored for injury on the medial and dorsal aspects (Keil 

et al., 2006; Fulwider et al., 2007). The lateral aspect of the hock is most often in contact with the 

bedding and stall surface while lying, and therefore most prone to abrasion and potentially 

broken skin or swelling. Knees have been scored exclusively on the cranial aspect, since this is 

the surface which impacts the stall base while lying and rising and it is very unlikely to have 
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injury elsewhere. Neck injuries have been scored exclusively on the dorsal aspect. 

Most scoring systems look at the presence and/or severity of hair loss, ulceration and 

swelling which together define the injury. To evaluate the severity of swelling, some researchers 

have measured the circumference of the knee (Norring et al., 2008). There is a detailed 

characterization of hock and knee injuries (with accompanying pictures) presented in a paper by 

Huxley and Whay (2006a). Those authors describe a scoring method for hock hair loss, 

ulceration, and swelling separately. Huxley and Whay (2006a) propose scoring knee injuries by 

combining hair loss, ulceration, and swelling together in one scale which is likely in 

consideration of feasibility, as knees are more difficult to see clearly and score reliably. A 

summary of their proposed scoring system, with definitions of the different injury severities and 

presentations, is shown in Table 1.1. Neck injuries have sometimes been assessed with a 

simplified scoring system (e.g. with just two injuries categories such as 0- no hair loss, broken 

skin or scabs and 1- hair loss, broken skin or scabs (Zurbrigg et al., 2005a)).  

Hook bone, pin bone, stifle joint, and ribs 

Injuries to the hook bones (tuber coxae), pin bones (tuber ischii), stifle joint and ribs have 

been examined to a lesser extent in the literature than hock, knee, and neck injuries but are still 

prevalent on dairy farms (Blom, 1983). Whay et al. (2003a) and Huxley et al. (2004) reported on 

these injuries but with a very general description of their scoring system. Hair loss, ulceration, 

and swelling were scored subjectively according to severity (none, mild, medium, severe) but 

with no further description. Later, Huxley and Whay (2006b) provided a complete description of 

these injuries to make their scoring system reproducible. Hook bone, pin bone, stifle joint and rib 

injuries were scored on the same scale as knee injuries (Table 1.1, Huxley and Whay, 2006a). 

While this scoring system, as well as the scoring system presented for hock hair loss, ulceration 
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and swelling, includes both subjective (e.g. ‘small area’) and objective terms (e.g. ‘18mm’), it is 

sufficiently detailed, particularly due to the use of pictures, to potentially be a reliable method.  

Injury scoring systems 

Research on the progression of injuries over time is lacking. Thus, it is not known if 

injuries start with hair loss and progress into ulceration and finally swelling. This is logical and 

may sometimes happen but it is unlikely that such a generalization can be applied to all injuries 

or all injury locations. Examining correlations among injury characteristics could lead to a better 

understanding of their development and potential causes. Potterton et al. (2011b) never observed 

ulceration on the in the absence of hair loss, but this comes from a cross sectional study design 

and so whether the ulceration or hair loss came first is unknown.  

This gap in knowledge about injuries is perhaps one of the reasons that there is little 

consistency among the scoring systems used to assess injuries. Additionally, researchers are not 

always interested in the same aspects of injuries and thus may develop unique or different injury 

definitions to in order to test different hypotheses. Some scoring systems, for example, imply 

that ulcerations or wounds are more severe than swelling by rating it higher on the injury scale 

(e.g. Kielland et al., 2009, Table 1.2) while others imply that is swelling most severe (e.g. 

Chaplin et al., 2000, Table 1.2). The variety of scoring systems used in the literature to assess 

injuries on dairy cattle is summarized in Table 1.2.  

In addition to this lack of consistency among scoring systems, many studies provide a 

very vague explanation of their scoring such that comparison to other work is nearly impossible 

(e.g., Blom, 1983; Bareille et al., 2003; Klaas et al., 2003; Whay et al., 2003a; Sogstad et al., 

2005; Barberg et al., 2007). The majority of studies on injuries indicate that some training or 

repeatability tests were carried out between observers, however some studies provide no such 
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evidence (Busato et al., 2000; Chaplin et al., 2000; Whay et al., 2003a). This is especially 

concerning in papers in which producer records are used to define the occurrence of an injury 

(Ekesbo, 1966; Alban et al., 1996; Bareille et al., 2003). Whether the use of simplified or 

detailed scoring systems is better might be determined by the level of repeatability achieved 

within and between observers. However, even in those studies where training or repeatability 

tests were done, the authors often fail to report the level of agreement achieved. Despite these 

issues some good information exists about injuries on dairy cattle, their causes, and their impacts 

on welfare and production which will be reviewed below. 

 

 IMPACT OF INJURIES ON ANIMAL WELFARE AND PRODUCTION 

There are three commonly used approaches to assess or define animal welfare: health and 

biological functioning, naturalness, and affective states (Duncan and Fraser, 1997). According to 

the biological functioning approach, “welfare will be reduced by disease, injury and 

malnutrition; good welfare will be indicated by high levels of growth and reproduction, normal 

functioning of physiological and behavioural processes and ultimately by high rates of longevity 

and biological fitness” (Duncan and Fraser, 1997). According to the naturalness view of animal 

welfare, animals should be raised in ‘natural’ environments that allow them to behave in 

‘natural’ ways. Such ‘natural’ behaviours would be for a canary to fly, a pig to root, a chicken to 

dust bathe and a cow to ruminate (Duncan and Fraser, 1997). According to the affective states 

approach, “welfare will be reduced by negative subjective states such as pain, fear, frustration, 

hunger and thirst, and will be improved by such positive states as comfort, contentment, and the 

pleasure of certain types of social interaction” (Duncan and Fraser, 1997). 

There is good scientific evidence from both the functioning and nature-based views 
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which demonstrate poor welfare in injured cattle. The impact of injuries on the cows’ feelings, or 

affective state, however, is not as well known. In relation to biological functioning, a positive 

correlation has been found between severe hock injuries (swelling > 7.4 cm diameter, purulent, 

extensive or bleeding) and somatic cell count (Fulwider et al. 2007), indicating those cows with 

severe hock injuries also had poor udder health. Furthermore, hock ulceration and swelling was 

positively associated with clinical mastitis and teat injury (Sogstad et al., 2006). Swollen hocks 

have been associated with increased odds of lameness (Klaas et al., 2003) and similarly, lame 

cows have been found to be more likely to have swollen hocks than non-lame cows (Rutherford 

et al., 2008). This link between hock injuries and lameness relates not only to biological 

functioning, since lameness is a clear deviation from normal locomotion, but also to the negative 

affective state of the animal because lameness is a condition which can be painful (Rushen et al., 

2007b). Furthermore, by the argument of homology, injuries are painful since similar conditions 

in humans (broken skin or swelling) are painful, and this would reasonably apply to cows and 

other agricultural species.  

Changes in the lying behaviour of cows have been widely used as an indicator of welfare 

(Haley et al., 2000; Chapinal et al., 2009; Ito et al., 2010) because it has been demonstrated that 

cows prioritize lying time over eating time and social contact when all three are restricted 

(Munksgaard et al., 2005) and that heifers will work for access to lying space for 12 to 13 hours 

per day (Jensen et al., 2005). As the incidence of knee swelling increased, dairy cattle have had 

shorter total daily lying time as a result of fewer lying bouts (Rushen et al., 2007a). Since much 

of a cows’ weight is placed on the knees while lying down and standing up, this reduction in the 

number of lying bouts per day indicates they may be experiencing pain during such movements 

due to the knee swelling.  
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The literature relating injuries and milk production is less clear. For example, 

primiparous cows with hock lesions were found to have higher milk production compared to 

primiparous cows without lesions, but no such effect was seen among multiparous cows (Sogstad 

et al., 2007). Furthermore, a positive correlation between herd average milk production and hock 

injuries on farms with mattress stalls has been demonstrated, but no such relationship was seen 

on farms with sand or waterbed stalls (Fulwider et al. 2007). However, with such herd-level data 

one must consider ecological fallacy and that while the positive association between hock 

injuries and milk production exists at the herd-level this does not necessarily mean those 

individual cows with high milk production are the ones with injuries. While Alban et al. (1996) 

also found a positive association between herd average milk production and hock lesions, 

Barielle et al. (2003) found hock lesions associated with lameness reduced both milk production 

and dry matter intake from the day of onset to the day of recovery by an estimated 109kg and 

48kg, respectively. However, the day of onset was defined as the first day relative to diagnosis 

where milk production or feed intake had decreased, and the day of recovery as the day prior to 

the first day when milk production or feed intake had increased. This is circular reasoning since 

the authors are trying to determine the effects of health disorders, such as hock injuries, on milk 

production and feed intake but defining the duration of the health disorder by a decrease and 

subsequent increase in milk production and feed intake around the time of diagnosis. 

Additionally, the control was lactations in which the given condition, but not all health 

conditions, was absent; thus, the presence of other conditions, such as lameness, in the control 

group may have cofounded the results so this study is not useful for data on injuries. Farms with 

low milk yield have been observed with a lower prevalence of hock injury than farms with 

higher milk yield (Rutherford et al., 2008) and this, combined with the previously mentioned 
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studies showing an association with high milk yield and hock injuries, may indicate that high 

milk production is actually a risk factor for injury. Injuries being more common among high 

yielding cows could also be an example of survival bias, or the ‘healthy worker’ effect; cows 

with high milk yield will stay in the herd longer and thus have a greater chance of being injured 

and included in a sample of study cows. It has been suggested that higher yielding cows may be 

more likely to have an injury because of their larger size (Sogstad et al., 2007). Lastly, high milk 

yield occurs in early to mid-lactation and this time can be associated with social mixing and 

aggression that may result in slipping or falling in free-stall systems and thus injury. Early 

lactation cows have been observed with an increased prevalence of injuries (Baggott and Russell, 

1981; Busato et al., 2000; Kielland et al., 2009) although the cause or timing of these injuries 

cannot be determined in these cross-sectional studies.   

Finally, studies have shown leg injuries to be more common in housed animals compared 

to those with access to pasture, and additionally, most prominent in the winter housing period 

(Baggott and Russell, 1981; Gustafson, 1993; Rutherford et al., 2008). Furthermore, tie-stall 

cows provided with regular exercise were observed with less severe hock injuries than tie-stall 

cows given no exercise (Gustafson, 1993) and the prevalence of hock injuries has been 

negatively associated with the duration of outdoor exercise in tie-stall housed cows (Kiel et al., 

2006). This demonstrates that cows in a natural setting, on pasture, tend to have fewer injuries 

than cows that are housed, and thus, from the nature view of welfare, cows housed indoors, if 

they have injuries, would be considered to have reduced welfare. 

Injuries have been widely accepted as a welfare issue in the dairy industry. For example, 

injury scoring is present in many dairy cattle welfare assessment schemes, such as the Bristol 

Welfare Assessment Protocol (Main et al., 2007) and the Dutch Welfare Quality Assessment 
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Protocol for Cattle (Knierim and Winckler, 2009). A Delphi method has been used to determine 

the factors which are important in assessing the welfare of cattle and experts agreed that injuries 

were an important indicator of welfare, and should be scored in welfare assessments (Whay et 

al., 2003b). Furthermore, on a 10-point scale (0 indicating no pain and 10 indicating the worst 

pain imaginable) cattle veterinarians in the UK assigned a median pain score of 5 for swollen 

hocks on cattle (Huxley and Whay, 2006c). Finally, the Canadian Code of Practice for dairy 

cattle, an evidence-based document developed in partnership with Canadian producers through 

the Dairy Farmers of Canada, requires areas be provided to segregate and treat sick and injured 

cattle (National Farm Animal Care Council, 2009). 

Overall, there is some evidence suggesting that injuries represent poor welfare for dairy 

cows and the negative impact of injures to cow welfare has been accepted in the industry. 

However, the magnitude, or extent of, this effect on welfare is still unknown.  

 

PREVALENCE OF INJURIES IN THE DAIRY INDUSTRY 

 Injuries have been recognized as a problem in the dairy industry for quite some time. One 

of the earliest publications on hock and knee injuries in dairy cattle reported 11 cases in a 5-year 

period where 17 cattle were observed each year and may have differed from year to year (Heizer 

et al., 1953). This is low compared to today’s estimates but no definition of the injuries is given 

so it is impossible to know exactly what was being recorded, which may have been only very 

severe cases. Ekesbo (1966) published a report on disease incidence in dairy cattle and dedicated 

a section to hock and knee injuries, indicating awareness of the problem in the dairy industry.  

Some research has examined the prevalence of injuries to cows housed on a bedded pack 

or compost system, which differ from a tie-stall or free-stall system due to the absence of stalls. 
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For example, an assessment of 12 compost dairy barns in the U.S. found 24% of cows had hock 

hair loss and 1% of cows had swelling of the hock (Barberg et al., 2007). However, another U.S. 

study on cows in bedded pack barns observed just 3% of cows with hair loss or swelling on the 

hock (Lobeck et al., 2011). This difference may be attributed to the amount of time the cows 

were in a compost barn at the time of study. Study herds in Lobeck et al. (2011) had all been on 

compost packs for at least one year while in Barberg et al. (2007) the study herds had been on a 

compost pack for a minimum of only 6 months. Thus the increased hair loss seen could have 

occurred in the previous free-stall or tie-stall and have still been healing. It is unfortunate that 

neither of these studies scored for ulceration, as this is sometimes considered the intermediate 

injury level between hair loss and swelling.  

There is currently no data on injuries to cows kept exclusively on pasture which could be 

used as a ‘baseline’ for injury prevalence. However, cows housed in a bedded pack with 

continuous access to pasture were never observed with inflammation of the hocks or knees in an 

experimental study spanning 2.5 years (Krohn and Munksgaard, 1993). While the authors did not 

define what they considered inflammation, and did not collect data on other injury presentations 

such as hair loss or ulceration, these data may be used as a rough guide indicating that the 

absence of serious injuries is possible in cows’ natural environment, at pasture. 

Generally, reports of injuries in the literature are divided by housing system, that is, tie-

stall and free-stall, so that is how they will be discussed here. 

Tie-stall 

Published evidence indicates that injuries are more prevalent in cows housed in tie-stalls 

than free-stalls (Heizer et al., 1953; Ekesbo et al., 1966; Blom, 1983; Busato et al., 2000). 

Furthermore, in a survey of dairy producers who recently switched from tie-stall to free-stall 
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housing, 74% of respondents said that hock damage was “much better” in the current free-stall 

than the previous tie-stall barn (Bewley et al., 2001). In a tie-stall system cows are completely 

confined to their stall while in a free-stall system they are able to move about and have some 

level of control over which stall they choose to lie in. Thus, tie-stall cows have a greater level of 

exposure to the elements of a stall likely to produce injury (such as inadequate lunge space and 

abrasive or hard stall surfaces) whereas free-stall cows can leave their stall and perhaps even 

choose a more preferred stall. This negative effect of constant confinement has been 

demonstrated in a study finding tie-stall cows provided with regular exercise had less severe 

hock injuries than tie-stall cows that were constantly tied in their stall (Gustafson, 1993).  

On tie-stall farms the reports of hock injury prevalence range from 8 to 22% of cows 

injured per farm (Blom, 1983; Busato et al., 2000; Regula et al., 2004; Zurbrigg et al., 2005a). 

Estimates on the lower end of this range come from studies in Switzerland that included farms 

with regular outdoor access. For example, 8% hock injury prevalence was found on tie-stalls 

with regular outdoor access (Regula et al., 2004) and 11% was the combined hock and knee 

injury prevalence found on 143 organic tie-stalls in Switzerland, which are required to provide a 

minimum level of exercise and outdoor access for their cows (Busato et al., 2000); as discussed 

previously, this is known to be associated with less severe injury (Gustafson, 1993). The higher 

estimates of hock injury prevalence come from tie-stall farms with minimal outdoor exercise 

(Regula et al., 2004) and from a Canadian study examining injuries on 317 tie-stall farms and 

17,893 cows in Ontario (Zurbrigg et al., 2005a). The study from Canada is the largest to examine 

injury prevalence on tie-stall housed cows. The authors report injury prevalence broken down by 

hair loss (36% of cows), ulceration (8%), and swelling (14%), provide a definition for each 

injury score, and describe observer training and repeatability tests; these attributes make this a 
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high quality study.  

Rather than reporting the number of cows per farm with a hock injury, two studies have 

taken a different approach. On a survey of 12,407 cows from 1,366 Danish tie-stall farms, 1.2% 

of cows per farm developed a hock lesion from 1 month before to 7 months after parturition 

(Alban et al., 1996). That study, however, only included cases of hock lesions reported by the vet 

or farmer as being the cause of lameness, so it is likely that only the most severe cases were 

accounted for, and that there were in fact more cases of hock injury. Hock injuries have also 

been examined on a per-cow basis, in a study on 66 Swiss tie-stall dairy farms. Three sites on 

each hock were scored (for a potential maximum of 6 injuries per cow) and an average of 2.1 

scabs and wounds were observed per cow, per farm (Kiel et al., 2006).  

There are just three studies reporting the prevalence of knee injuries on tie-stall farms and 

estimates range from 10 to 65% of cows with a knee injury per farm (Blom et al., 1983; Busato 

et al., 2000; Regula et al., 2004). At the low end of this range is research providing no definition 

of the injury beyond “severe” and therefore should not be given consideration (Blom, 1983). On 

organic tie-stall farms in Switzerland 10% was the combined hock and knee injury prevalence 

reported, such that the prevalence knee injuries alone is unknown although it would necessarily 

be something below 10% (Busato et al., 2000). Knee injury prevalence between 58 and 59% for 

tie-stalls with regular outdoor access, and between 60 and 65% for tie-stalls with minimal 

outdoor access, was observed on Swiss tie-stall farms (Regula et al., 2004). This difference in 

knee injury prevalence between farms with regular and minimal exercise, although not 

statistically significant, again highlights the benefits of outdoor access for injuries to tie-stall 

cows (Gustafson, 1993).  

Neck injuries are the least prevalent of the three main injury types, although with just one 
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published estimate, with 4% of cows having a neck injury per farm (Zurbrigg et al., 2005a). The 

combined prevalence of soft tissue injuries (including those on the neck) has been reported as 

13%, but it is unknown what proportion of those are neck injuries because other injury locations 

were included (abdominal region, back, udder, shoulders, withers, chest and head; Busato et al., 

2000). 

Free-stall 

 On free-stall farms the reports of hock injury prevalence range from 1 to 73% of cows 

injured per farm (Busato et al., 2000; Weary and Taszkun, 2000; Fulwider et al., 2007; 

Rutherford et al., 2008; Kielland et al., 2009). Part of the variation in these estimates may be 

attributed to the level of outdoor access required for organic compared to conventional cows. For 

example, the combined prevalence of hock and knee injuries on 9 organic Swiss farms was 1% 

(Busato et al., 2000), while the prevalence of hock injuries alone on 20 conventional Canadian 

farms was 73% (Weary and Taszkun, 2000). Furthermore, the prevalence of both hock lesions 

and hock swellings was lower on organic (37%) compared to conventional farms (47%) in the 

UK (Rutherford et al., 2008). Weary and Taszkun (2000) scored for injuries at 5 locations on the 

hock (Figure 1) so may have been more likely to find an injury than Busato et al. (2000) who did 

not specify the exact location being observed; this may also contribute to the difference in 

prevalence reported in these two studies. At the lower end of the range for hock injury 

prevalence, 8% of cows per farm (averaged over different stall base types) were observed with 

hock swelling on 85 free-stall farms in the U.S. (Fulwider et al., 2007). However, if hock hair 

loss is considered as an injury then the observed hock injury prevalence was 45% (Fulwider et 

al., 2007) which highlights the importance of considering the injury definition when comparing 

prevalence estimates. On 232 farms and 2,335 cows in Norway, 60% of cows overall were 
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observed with a hock injury; 53% had hair loss, 1% had swelling and 6% had wounds (Kielland 

et al., 2009). Another example of this is where hock hair loss and/or abrasion was observed on 

39% of free-stall housed cows in the UK, while hock swelling was observed on just 3% of cows 

(Rutherford et al., 2008). Thus, there is a pattern where the prevalence of hock hair loss and 

ulceration is greater than the prevalence of hock swelling (Fulwider et al., 2007; Rutherford et 

al., 2008; Kielland et al., 2009). This is in contrast to work from a group in the UK finding the 

prevalence of hock swelling (35 and 58%) to be greater than the prevalence of hock ulceration (8 

and 5%) (Whay et al., 2003a; Huxley et al., 2004); however, no definition of their injury scores 

is given so these studies should not be highly weighted.  

 The prevalence of injuries is not always presented as the number of injured cows per 

farm and therefore generalizations about injury prevalence is not always possible across the 

literature. For example, on a scale of 0-2 hocks affected, the mean number of hocks affected by a 

scratch (exposed or broken skin), rub (calloused area), or swelling (filling or enlargement of the 

joint) was 0.44, 0.99, and 0.23, respectively on 37 free-stall and bedded pack farms in the UK 

(Haskell et al., 2006). Research on 76 farms and 3,691 cows in the UK found that, at the limb-

level, 82% of hocks observed had hair loss to some degree, 17% had ulceration to some degree 

and 22% had some swelling (Potterton et al., 2011b). Two studies scored injuries at 5 locations 

on each hock (Figure 1), finding similar estimates of the number of locations per hock that were 

injured: 76% of cows (Weary and Taszkun, 2000) and 70% of hocks (Potterton et al., 2011b) had 

lesions on more than one location of the hock. This, combined with results from farms in 

Norway where 6 out of 232 study farms had a hock injury prevalence of 100%, is concerning 

from a cow welfare perspective. 

 The prevalence of knee injuries is less than hocks, with estimates between 4 and 35% of 
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cows with a knee injury per farm (Regula et al., 2004; Kielland et al., 2009). It could be that knee 

injuries truly are less prevalent than hocks, or this might be a reflection of the limited data 

available on knee injuries. Estimates on the lower end of this range come from 46 free-stall 

farms in Switzerland, where between 4 and 17% of cows per farm were observed with calloused 

knees (thickened skin or palpable artificial bursa under the skin; Regula et al., 2004). 

Conversely, among 232 farms in Norway, 35% of cows per farm were observed with a knee 

injury; this definition included hair loss (29% of cows), wounds (1% of cows) and swelling (5% 

of cows; Kielland et al., 2009), accounting for the increased prevalence found compared to 

Regula et al. (2004). It is worthwhile to note that, while this comes from only one study, the 

prevalence of swelling at the knee is higher than the prevalence of wounds at the knee, which 

was the opposite for hock injuries (Kielland et al., 2009).  

Neck injuries are the least examined injuries on free-stall farms with just one published 

estimate of 21% of cows having a neck injury per farm; of these, 15% had hair loss and 6% had 

swollen necks (Kielland et al., 2010). The combined prevalence of soft tissue injuries (including 

those on the neck) has been reported as 10%; however, as discussed previously, it is unknown 

what proportion of those are neck injuries because other injury locations were included (Busato 

et al., 2000). On 15 organic farms in the UK, the median number of cows with a neck injury was 

reported as 50% which is high, especially considering the farms were organic; no definition of 

“neck injury” was provided so this evidence is not highly weighted.  

 Generalizing across the literature and across farm systems, the prevalence of hock 

injuries (1 to 73%) is higher than knee injuries (4-65%), followed by neck injuries (4 to 21%) 

which are the least prevalent. This generalization, however, is influenced by the amount of data 

available on each injury type.  
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RISK FACTORS FOR INJURY 

 Determining injury risk factors is an essential step if progress is to be made in reducing 

the prevalence of injuries. If the conditions associated with cows or farms that have more injuries 

are known, steps can be taken to determine exact causes, and to change those in an effort to 

reduce injuries.  

Animal and management factors 

One broad category of injury risk factors are those regarding the cow itself, such as parity 

or stage of lactation, and those factors related to the management on the farm. Several studies 

have found that older cows have more hock damage than younger cows in free-stall systems 

(Weary and Taszkun, 2000; Rutherford et al., 2008; Kielland et al., 2009; Potterton et al., 

2011a). In contrast, work by Alban et al. (1996) on tie-stalls found primiparous cows were at the 

highest risk for hock lesions and Busato et al. (2000) found no association between hock, knee or 

soft tissue injury and age on either tie-stall or free-stall farms. It is unlikely that older cows are 

inherently more prone to injuries, but rather, older cows have had more exposure to the 

conditions which are likely to cause injury. 

The literature is consistent in finding that hock and knee injuries are more common in 

early lactation (Baggott and Russell, 1981; Busato et al., 2000; Kielland et al., 2009). However, 

no relationship between soft tissue injuries and stage of lactation has been established (Busato et 

al., 2000). Early lactation often coincides with social mixing and aggression that may result in 

slipping or falling in free-stall systems and thus injury.  

The relationship between injuries and body condition is not clear. One study found a 

negative relationship between body condition and knee injuries (Kielland et al., 2009), and 

another found less soft tissue injury with increasing body condition but no relationship between 



17 
 

body condition and hock or knee injury (Busato et al., 2000). However, other research has found 

hock and knee injuries to be more prevalent on farms with a higher prevalence of over-

conditioned cows (Regula et al. 2004). It is unknown from these cross-sectional studies designs 

whether cows first become injured and then loses body condition, or whether they lose body 

condition and then become injured; it is more likely the latter since cows may become thin due to 

illness or lameness, which in turn may also predispose a cow to becoming injured if she is 

spending more time lying and has a greater exposure to the stall surface. 

In relation to the management style on the farm, Kielland et al. (2009) asked farmers to 

rank their agreement with the statement “animals experience physical pain as humans do” from 1 

(strongly disagree) to 5 (strongly agree). On those farms where farmers disagreed or totally 

disagreed more knee injuries were observed. An individual’s level of agreement or disagreement 

with such a statement may reflect generally on how they handle their animals and manage their 

farm. Perhaps those farmers that disagreed with the statement are those who are more likely to be 

rough or impatient with their cows and take less time caring for their animals, resulting in their 

cattle having more injuries.  

Housing factors 

Housing factors, such as stall base and stall size, are a main category of injury risk factors. 

Many studies examining the relationship between injuries and housing factors have been cross-

sectional and, thus, were not able to imply causation. However, because housing factors are 

generally permanent conditions on a farm, the term ‘risk factor’ is appropriate here, as the 

housing factor would likely have been present before the injury occurred. There are housing risk 

factors that are unique to tie-stall or free-stall systems, however many are also found in common 

between the systems. For example, regardless of housing system, hock and knee injuries are 
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commonly described as being associated with a poor quality lying surface (Baggott and Russell, 

1981; Blom, 1983; Huxley and Whay, 2006a). Many studies have shown shorter stalls to be 

associated with an increased prevalence of hock injuries on farm (Baggott and Russell, 1981; 

Busato et al., 2000; Weary and Taszkun, 2000; Keil et al., 2006; Fulwider et al., 2007). This may 

be a result of cows’ legs hanging off the stall and potentially impacting the stall edge, thus 

becoming injured. However, two studies did report an increased prevalence of hock injuries with 

longer stalls (Kielland et al., 2009; Potterton et al., 2011a) and another found an increased 

prevalence of soft tissue injuries with longer stalls (Busato et al., 2000). More hock and knee 

injuries have been found on cows kept in stalls with restricted lying space (if either legs or neck 

could not be stretched, or the cow was lying partly outside the stall) or which cause cows to 

display abnormal rising movements such as spending > 10 seconds on their knees while rising or 

needing more than one attempt to rise (Regula et al., 2004). Also related to rising behaviour, 

cows on free-stall farms with the smallest lunging space had the highest occurrence of knee 

swellings (Haskell et al., 2006) and obstructions within 1m of the brisket board were associated 

with hock ulceration Potterton et al. (2011a). It may be that the actual length of the stall is less 

important for injuries than the ease with which the stall allows the cow to rise properly and 

without restriction. Poor stall design may lead to the cow shifting position before rising 

(increasing abrasion on the hocks or knees), or cause her to come into contact with stall dividers, 

thus increasing the risk of injury.  

Generally, more abrasive (Blom, 1983) and harder stall surfaces (Rushen et al., 2007a) are 

associated with more injuries. For example, Baggott and Russell (1981) reported that unbedded 

concrete stalls were a cause of leg injuries. Furthermore, there appears to be a negative 

relationship between stall base softness and injuries, such that waterbeds have been associated 
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with less injury compared to mattresses (Fulwider et al., 2007), mattresses have been associated 

with less injuries compared to hard rubber mats (Tierney and Thomson, 2001; Livesey et al., 

2002; Kielland et al., 2009) and hard rubber mats are associated with less injury in comparison to 

concrete stalls (Sogstad et al., 2005; Rushen et al., 2007a). Sand stall bases consistently have 

been shown to be associated with the fewest injuries when compared to mattress stalls (Weary 

and Taszkun, 2000; Fulwider et al., 2007). Finally, housing cows on a deep-bedded straw pack 

has been associated with a lower prevalence (Haskell et al., 2006; Fulwider et al., 2007) and 

reduced incidence (Livesey et al., 2002) of hock and knee injuries than the previously mentioned 

stall bases. Since cows’ hocks and knees are constantly in contact with the stall surface when 

they are lying, it is very important that a soft, non-abrasive and comfortable stall base be 

provided as illustrated by these findings. 

The type of bedding provided on the lying surface may influence injuries, as studies have 

found fewer hock injuries on cows with straw bedding compared to sawdust bedding (Keil et al., 

2006; Rutherford et al., 2008; Potterton et al., 2011a). However, work by Busato et al. (2000) 

found no relationship between injuries and either stall base or bedding type. Sand bedding was 

associated with the lowest prevalence of severe hock injuries compared to straw, sawdust or 

composted manure (Lombard et al., 2010); this, however, is likely confounded with a sand stall 

base because using sand as bedding on another stall base is uncommon. Sawdust bedding is 

easily moved around and kicked off the stall by cows, while straw bedding tends to stay in place 

better, thus potentially covering more of the abrasive stall base.  

It is unclear how the quantity of bedding influences injuries because Keil et al. (2006) found 

no relationship between bedding amount and injuries, while Kielland et al. (2009) found a 

greater prevalence of hock injuries on farms with less bedding. Both of these studies, however, 
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used poor methods for determining bedding quantity such as taking an estimate from the farmer 

of the kg of bedding used per cow or rating the amount of bedding as a little, a medium amount 

or a lot, in comparison to a typical farm.  

This aforementioned work indicates that stall base is likely to have a greater influence on 

hock and knee injuries compared to bedding type or bedding quantity.  

There are other environmental risk factors for injuries besides those associated with the lying 

surface but they have not been investigated to the same extent. For example, in free-stall systems 

specifically, Rutherford et al. (2008) observed an increased prevalence of hock hair loss and 

ulceration on farms with less space to feed per cow and less standing area per cow in the milking 

parlour. If a cow kicks or moves about for any reason and space is limited in the milking parlour, 

the hocks are more likely to come into contact with the metal partitions and become injured. 

Space at the feedbunk per se, is unlikely to influence hock injuries but is perhaps a surrogate 

measure for something else; maybe those farms with less feeding space are less likely to use sand 

stall bases or tend to also over stock the stalls which could have implications for hock injuries. 

Grooved concrete flooring was associated with more hock ulcerations on 63 farms with 2,983 

cows studied (Potterton et al., 2011a). The grooved concrete flooring per se, may not be the 

direct cause of hock injury but could be a surrogate measure for increased lying time, which was 

not measured in that study; perhaps cows on farms with grooved concrete flooring find it 

uncomfortable to stand and thus spend more time lying in their stall and getting exposed to the 

potentially abrasive stall surface causing hock injury. However, other research found no 

association between flooring type and hock or knee injuries among 232 farms and 2,335 study 

cows (Kielland et al., 2009).  

Regarding injuries to the neck, having a manger front lower than 63cm, having no vertical 
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barrier at the feedbunk (i.e. post-and-rail), feeding a mixed ration and feeding less than 3 times 

per day have all been associated with increased neck injuries (Kielland et al., 2010). Low manger 

fronts would come into contact with cows’ necks when stretching forward to obtain and sort 

food, while feeding a mixed ration may cause cows to spend more time sorting, and these 

factors, in addition to decreased feeding frequency and thus less food available throughout the 

day, may result in increased time spent with pressure applied to the neck of the cow at the 

feedbunk. Additionally, the presence of vertical barriers at the feedbunk may help to reduce 

aggression and displacements (Kielland et al., 2010).  

In tie-stall systems specifically, the use of an electric trainer has been associated with more 

hock injuries (Alban et al., 1996; Busato et al., 2000; Zurbrigg et al., 2005b) while it was not 

associated with soft tissue injuries (Busato et al., 2000). Additionally, the prevalence of swollen 

hocks was found to be greater as tie-chain length decreased (Zurbrigg et al., 2005b). Both these 

findings likely relate to the cows’ ability to rise and stand easily in the stall.  

Overall, the impacts of housing conditions in general on dairy cattle injuries is clear, as there 

is evidence that cows kept outdoors, or given more frequent exercise, tend to have fewer injuries 

than those cows housed year-round (Gustafson, 1993; Haskell et al., 2006; Keil et al., 2006; 

Rutherford et al., 2008; Potterton et al., 2011a). As previously mentioned, cows housed in a 

bedded pack with continuous access to pasture were never observed with inflammation of the 

hocks or knees in an experimental study spanning 2.5 years (Krohn et al., 1993). 

 

AVENUES FOR FUTURE RESEARCH 

 There is a gap in knowledge of the development of injuries. Long-term prospective 

observational studies are needed to better characterize injury progression and determine the 
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timing of hair loss, ulceration and swelling relative to each other. This may not be the same for 

all injury locations and more work on determining what correlations exist between different 

injury types is needed. Examining correlations between injury locations, or injuries on the left 

and right limbs, is important to consider as a starting point towards knowing whether an injury at 

one location or on one limb may influence, or cause, injury at another location. Correlations 

between injury types and locations should also be examined for practical reasons: could scoring 

one injury location estimate the level of injury expected at other locations? Or would scoring one 

of two limbs for knee or hock injury be sufficient? If so, this would help to refine methods for 

on-farm welfare assessment for better feasibility and efficiency.  

While it is intuitive that injuries negatively impact cow welfare, more work is needed to 

determine the extent or magnitude of this effect. Measuring injuries simultaneously with other 

commonly used indicators of welfare such as lying time, body condition, lameness, milk 

production and other physiological indicators would help with this. It is difficult to quantify the 

pain associated with various conditions in dairy cattle, but such attempts should be made for 

injuries. This could be done by taking measures of cows’ behaviour and physiology before, 

during, and after an injury occurs to see if any changes are noted while the cow is injured. 

Additionally, choice tests could be carried out to see if injured cows will self-medicate by 

choosing, for example, to drink water with an analgesic added. 

 More research is needed on the risk factors and causes of injuries. Much of the data on 

risk factors comes from cross sectional studies and thus causation cannot be determined. While it 

is extremely difficult to isolate what factors cause any given condition, this type of information 

could come from well-designed longitudinal studies of individual cows. Much research has been 

done on the risk factors for injuries but more data is needed to confirm and validate those results 
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because there are many inconsistencies among the findings. More research on injury prevalence 

and risk factors is needed in the U.S. and Canada where little research has been done. This is an 

essential step to provide a benchmark for injury levels in North America, to help in setting 

attainable targets for injury reduction and provide practical information to farmers about how to 

reduce injuries. 

 

CONCLUSIONS AND THESIS OBJECTIVES 

Injuries are prevalent in the dairy industry and indicate reduced welfare in affected 

animals. Injuries tend to be more common in tie-stall housing compared to free-stall housing, and 

even less common on deep bedded packs. Injuries are most prevalent on the hocks, followed by 

knees, and least prevalent on the neck. Many known risk factors for injuries are those associated 

with the lying surface such as short stalls, stalls causing rising restrictions, and harder, more 

abrasive stall bases. More injuries are seen on older cows and those in early lactation. More 

research is needed on the development of injuries over time and on injury risk factors. 

The overall objective of this this thesis is to examine injuries on dairy cattle in Canada. 

Specifically, the second chapter describes the prevalence of injuries and determines whether 

correlations exist between injury locations on Canadian cows housed in both tie-stall and free-

stall farms. The objective of the third chapter is to determine the environmental and animal-

based factors associated with hock, knee, and neck injuries on free-stall farms.   
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Table 1.1. The hock and knee injury scoring system described by Huxley and Whay (2006a) 

 

 Hock hair loss Hock ulceration Hock swelling Knee injury 

None No hair loss 

over the lateral 

aspect of the 

hock 

No breaking of 

the skin even if 

hair loss is 

extensive 

 

No swelling No lesions 

apparent 

Mild Small area of 

hair thinning or 

loss over the 

hock (~18mm) 

Areas of 

thickening with 

reddening of 

the skin, may 

include small 

areas of broken 

skin 

 

Mild swelling, 

the hock is 

thicker than 

normal 

A small area of 

hair loss 

(~18mm) 

Moderate Moderate area 

of hair thinning 

or loss over the 

hock (~27mm) 

Small to 

moderate area 

of skin 

breakage or 

scabbing 

 

Obvious 

swelling 

A moderate 

area of hair loss 

and/or 

thickening of 

the skin 

Severe Hair thinning or 

loss over an 

extensive area 

of the hock 

Extensive area 

of scabbing or 

broken skin, 

with or without  

infection (ex. 

purulent 

discharge) 

Extensive and 

very obvious 

swelling 

A large area of 

hair loss and/or 

skin thickening  

or swelling 

and/or any 

breaking of the 

skin 
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Table 1.2. A summary of scoring systems for assessing dairy cattle injuries 

Reference Stall type Injury scores and definitions Injury 

location 

Gustafson, 1993 Tie-stall 0) No lesion 

1) Bare, pale areas 

2) Bare red areas 

3) Occurrence of serum and/or sore scabs 

4) Open, infected wound 

 

Hock and 

knee 

Busato et al., 

2000 

Tie-stall 

and free-

stall 

0) No lesions 

1) Hairless spots 

2) Superficial lesions 

3) Open wounds 

 

Hock  and 

knee 

0) No lesions 

1) Hairless spots 

2) Local inflammation 

3) Open wounds 

 

Soft tissue 

Chaplin et al., 

2000 

Free-stall 0) No lesion observed 

1) Bare, pale areas 

2) Bare, red areas 

3) Occurrence of serum and/or sore scabs 

4) Open, infected wounds 

5) Swelling and/or adventitious bursae 

 

Hock and 

knee 

Weary and 

Taszkun, 2000 

Free-stall 1) Area of hair loss less than 10 cm
2
 with no 

evidence of skin breakage 

2) Broken skin, dark scab, or area of hair loss 

greater than 10 cm
2
 

 

Hock 

Wechsler et al., 

2000 

Free-stall 1) Hairless patches <  2 cm  

2) Hairless patches > 2 cm  

3) Scabs or wounds < 2 cm 

4) Scabs or wounds > 2 cm  

 

Hock and 

knee 

Tierney and 

Thomson, 2001 

Free-stall 0) No lesions observed 

1) Bare, pale areas 

2) Bare, red areas 

3) Occurrence of serum and/or sore scabs 

4) Open, infected wounds 

5) Adventitious bursae 

 

Hock and 

knee 

Vokey et al., 

2001 

Free-stall 0) Smooth 

1) Roughened 

2) Missing 

Hock hair 

loss 
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Table 1.2 (Continued). A summary of scoring systems for assessing dairy cattle injuries 

Reference Stall type Injury scores and definitions Injury 

location 

Vokey et al., 

2001 

Free-stall 0) Absent 

1) Slight swelling, still able to feel the lateral 

tarsal joint 

2) Severe swelling, unable to feel the lateral 

tarsal joint 

 

Hock 

swelling 

Livesey et al., 

2002 

Free-stall 

and loose 

housing 

0) No hair loss or other injury 

1) Hair loss 

2) Skin abrasion subcutaneous swelling or 

enlargement of the hock joint or associated 

synovial structures 

 

Hock 

Bareille et al., 

2003 

Free-stall Hock lesion associated with clinical lameness 

and treatment 

 

Hock 

Huxley et al., 

2004
a
 

Free-stall 0) None 

1) Mild  

2) Medium  

3) Severe  

Hock hair 

loss, hock 

swelling, 

hock 

ulceration, 

hip bone, 

tail bone, 

stifle, 

knees, ribs, 

back, neck 

 

Regula et al., 

2004 

Tie-stall 

and free-

stall 

0) No alteration 

1) Hairless patch, skin unaltered 

2) Reddening and/or swelling of skin 

3) Open wound or abscess 

 

Hock 

0) No alteration 

1) Thickened skin or a palpable artificial bursa 

under the skin 

 

Knee 

Zurbrigg et al., 

2005a 

Tie-stall 0) No hair loss broken skin or scabs 

1) Swollen with no hair loss, broken skin or 

scabs 

2) Hair loss with or without swelling 

3) Broken skin or scabs, with or without 

swelling 

 

 

Hock 
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Table 1.2 (Continued). A summary of scoring systems for assessing dairy cattle injuries 

Reference Stall type Injury scores and definitions Injury 

location 

Zurbrigg et al., 

2005a 

Tie-stall 0) No hair loss, broken skin or scabs visible 

1) Visible hair loss, broken skin or scabs 

 

Neck 

Haskell et al., 

2006
b
 

Free-stall 

and loose 

housing 

Recorded presence or absence of: 

- Swellings: filling or enlargement of the 

joint 

- Scratches: exposed or broken skin 

- Rubs: callused areas 

 

Hock and 

knee 

Barberg et al., 

2007 

Loose 

housing 

0) No lesion 

1) Mild lesion (hair loss) 

2) Severe lesion (swollen) 

 

Hock 

Fulwider et al., 

2007 

Free-stall 0) No hair loss or swelling 

1) Hair loss ≥ 1.8cm diameter, no swelling 

2) Swelling < 7.4cm diameter, with or without 

dry scab but no bleeding or drainage 

3) Severe swelling > 7.4cm diameter, 

purulent, extensive or bleeding 

 

Hock and 

knee 

Rushen et al., 

2007a 

Tie-stall Recorded number of cuts, abrasions and hair 

loss patches and presence or absence of 

swelling 

 

Hock and 

knee 

Sogstad et al., 

2007
c
 

Tie-stall 

and free-

stall 

0) Not present 

1) Swelling 

2) Wounded 

3) Both swelling and wounded 

 

Hock 

Boyle et al., 2008 Free-stall 

and loose 

housing 

1) Bare hairless area  

2) Bare, red, hairless area or old scab, not 

associated with blood 

3) Swelling or bump not associated with heat 

or fluid 

4) Wound: presence of flesh or dried blood 

5) Severe injury: injury plus swelling 

associated with heat and/or fluid 

6) Adventitious bursa: fluid filled sac 

 

Hock and 

knee 
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Table 1.2 (Continued). A summary of scoring systems for assessing dairy cattle injuries 

Reference Stall type Injury scores and definitions Injury 

location 

Norring et al., 

2008 

Free-stall 0) No lesion 

1) Some hair loss or broken hairs 

2) Bare skin visible with alopecia 

3) Thickening of skin, calluses 

4) Reddening of skin 

5) Open cuts 

 

Hock 

Swelling: measured circumference of knee 

 

Knee 

Rutherford et al., 

2008 

Free-stall 0) Sound: No hair damage or evidence of 

reduction in hair length that had not 

progressed to reveal bare skin 

1) Damaged: hair loss had progressed to leave 

bare patches of skin or an abrasion was 

present 

Presence or absence of swelling recorded 

 

Hock 

Kielland et al., 

2009 

Free-stall 1) No skin change 

2) Hairless 

3) Swollen 

4) Wound 

5) Open wound 

 

Hock , 

knee, 

fetlock, 

stifle joint, 

hip, neck
d
 

Lombard et al., 

2010 

Free-stall 1) Without swelling or hair loss on both hocks 

2) Hair loss but no swelling  

3) Hair loss, swelling or draining lesions 

  

Hock 

Ahrens et al., 

2011 

Free-stall 0) No abnormalities 

1) Area of thinned hair 

2) Hairless area 

3) Hairless and thickened skin 

4) Thickened skin with scabs, blood, or 

secretion 

 

Hock, knee, 

back 

Lobeck et al., 

2011 

Loose 

housing 

1) No lesion 

2) Hair loss 

3) Swollen hock with or without hair loss  

 

Hock 
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Table 1.2 (Continued). A summary of scoring systems for assessing dairy cattle injuries 

Reference Stall type Injury scores and definitions Injury 

location 

Potterton et al., 

2011a 

Free-stall 0) Hair undisturbed with no loss 

1) Area of hair loss less than approximately 2 

cm in diameter 

2) Area of hair loss between approximately 2 

and 2.5 cm in diameter  

3) Area of hair loss greater than approximately 

2.5 cm in diameter  

 

Hock hair 

loss 

0) No ulceration 

1) Area of ulceration less than approximately 

2 cm in diameter 

2) Area of ulceration between approximately 2 

and 2.5 cm in diameter 

3) Area of ulceration greater than 

approximately 2.5 cm in diameter  

 

Hock 

ulceration 

0) No swelling 

1) Thicker than normal 

2) Obviously swollen 

3) Extensively swollen 

 

Hock 

swelling 

van Gastelen et 

al., 2011 

Free-stall 0) No swelling, no lesion 

1) Lesion, no swelling 

2) Swelling, no lesion 

3) Both lesion and swelling 

Hock 

injury
e
 

a  
Same scoring system as used by Whay et al. (2003a) 

b
 Same scoring system as used by Keil et al., (2006) 

c 
Same scoring system as used by Sogstad et al., (2006) 

d
 Neck injury recorded in Kielland et al., (2010) 

e
 If a lesion was present, the severity was then scored according to Norring et al., (2008) 
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Figure 1.1. From Potterton et al. (2011b) depicting the 5 areas scored on the hock. a) Lateral 

tarsal joint, b) lateral tuber calcis, c) plantar tuber calcis, d) medial tuber calcis, e) medial tarsal 

joint 

  

Lateral aspect Point of hock Medial aspect 

A 

B 

C 

D 

E 
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Chapter 2: Prevalence of hock, knee, and neck injuries on dairy cattle in Canada 

ABSTRACT 

Injuries have been widely acknowledged as a welfare concern in the dairy industry. The 

objectives of this study were to describe the prevalence of injuries on Canadian dairy cows and 

to determine whether the presence of injuries on different body parts was associated. Tie-stall  

(n = 100) and free-stall farms (n = 90) were visited in Quebec, Ontario, and Alberta, Canada. A 

purposive sample of 40 lactating Holstein cows was selected for detailed observation on each 

farm. Cows were scored for hock (tarsus), knee (carpus), and neck injuries on a 3 or 4-point scale 

combining the attributes of hair loss, broken skin, and swelling. The higher of the two hock and 

knee scores from each limb were used in the analysis. Frequency tables with chi-square tests 

were used to examine the association between proportions of injury scores and parity. Spearman 

correlation coefficients were calculated among injuries at different locations and between the 

same injury on left and right limbs. On tie-stall farms the mean herd-level prevalence (and range) 

of hock, knee, and neck injuries was 56% (6 - 94%), 43% (0 - 89%) and 30% (0 - 80%), 

respectively. On free-stall farms the mean herd-level prevalence of hock, knee, and neck injuries 

was 47% (0 - 95%), 24% (0 - 91%) and 9% (0 - 65%), respectively. Older cows were generally 

observed with injuries more frequently than younger cows. The correlation coefficient between 

hock and knee injury was 0.17 and 0.04, between hock and neck injury was 0.12 and -0.04, and 

between knee and neck injury was 0.14 and 0.09 on tie-stall and free-stall farms, respectively. 

The correlation coefficient between the left and right hocks was 0.37 and 0.46 on tie-stall and 

free-stall farms, respectively. The correlation coefficient between the left and right knees was 

0.42 and 0.57 on tie-stall and free-stall farms, respectively. It was less common for injured cows 

to be affected on two limbs than one (40 and 42% of tie-stall and free-stall cows). Among cows 
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with an injury on one limb, injuries were observed almost equally on the left and right limbs. 

Overall, the findings of this study suggest that there is a large range in hock, knee, and neck 

injury prevalence on Canadian dairy farms, which is both concerning and promising. There was 

low correlation between injury locations and moderate correlation between the left and right hind 

limbs, which suggests that scoring multiple injury types, and all limbs, are required to obtain a 

complete picture of the injury status of the cow. Finally, this study provides a benchmark for 

injury prevalence which is important in setting attainable targets for reducing injuries. 

 

INTRODUCTION 

Injuries have commonly been described on the tarsus (hock), carpus (knee) (Huxley and 

Whay, 2006a) and neck (Zurbrigg et al., 2005) of dairy cows but they can also occur on the tuber 

coxae (hook bone), tuber ischii (pin bone), stifle joint and ribs (Whay et al., 2003b). Huxley and 

Whay (2006a) describe in detail how injuries can be scored based on hair loss, ulceration 

(generally, broken skin or a scab) and swelling. These three characteristics are commonly 

included in injury scores but the definitions and scoring systems used vary greatly (e.g. Livesey 

et al., 2002; Zurbrigg et al., 2005; Fulwider et al., 2007; Lombard et al., 2010). Some scoring 

systems imply swelling to be more severe than broken skin by rating it higher on the injury scale 

(van Gastelen et al., 2011), while others imply broken skin to be more severe (Kielland et al., 

2010). These discrepancies are likely due to limited knowledge about the development of 

injuries.  

Injuries have been widely accepted as a welfare issue in the dairy industry. For example, 

using the Delphi method, experts agreed that injuries are an important indicator of welfare, and 

should be used in welfare assessments (Whay et al., 2003a). Furthermore, on a 10-point scale (0 
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indicating no pain and 10 indicating the worst pain imaginable) cattle veterinarians in the UK 

assigned a median pain score of 5 for swollen hocks on cattle (Huxley and Whay, 2006b). It is 

likely for those reasons that various codes of practice and animal care assessment schemes have 

included requirements for assessment of, and response to injuries. For example, the Canadian 

Code of Practice for dairy cattle requires that areas be provided to segregate and treat sick and 

injured cattle (National Farm Animal Care Council, 2009). Further, injury scoring is required in 

the Bristol Welfare Assessment Protocol (Main et al., 2007) and the Dutch Welfare Quality 

Assessment Protocol for Cattle (Knierim and Winckler, 2009). 

The impact of injuries on dairy cow welfare is well documented in the scientific 

literature. For example, swollen hocks have been positively associated with lameness (Klaas et 

al., 2003), hock wounds and swellings have been positively associated with clinical mastitis and 

teat injury (Sogstad et al., 2006) and severe hock swelling has been positively correlated with 

somatic cell count (Fulwider et al., 2007). Some researchers have found hock injuries to be 

associated with reduced milk production and dry matter intake (Bareille et al., 2003), while 

others have found cows with hock injuries had greater milk production (Fulwider et al., 2007; 

Sogstad et al., 2007). This may indicate that there are factors associated with greater milk 

production, such as lameness or body condition, that may influence the risk of injury.  

In general, researchers have found that injuries are more prevalent on cows housed in    

tie-stalls, compared to those housed in free-stalls (Ekesbo et al., 1966; Blom, 1983; Busato et al., 

2000; Zurbrigg et al., 2005; Kielland et al., 2009). For example, on Swiss organic herds Busato 

et al. (2000) observed the prevalence of joint injuries (hocks and knees) to be 10% on tie-stall 

farms and only 1.3% on free-stall farms. Another study done in Switzerland found the prevalence 

of hock injuries to range from 8 to 21% on tie-stall farms, and 3 to 8% on free-stall farms 
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(Regula et al., 2004). The prevalence of knee injuries in the same study ranged from 58 to 65% 

on tie-stall farms and 4 to 17% on free-stall farms.  

Injury data on dairy cows in Canada are sparse. One Canadian study done on 317 tie-stall 

farms in Ontario found approximately 58% of cows had some degree of hock injury and 

approximately 4% of cows had a neck injury (Zurbrigg et al., 2005). Another Canadian study of 

20 free-stall farms found 73% of the cows to have a hock injury (Weary and Taszkun, 2000). 

These studies were each conducted on only one housing type in different geographic areas of the 

country; thus, more data are needed to get a benchmark for the current prevalence of injuries on 

Canadian dairy cows. 

The objectives of this study were to describe the prevalence of hock, knee, and neck 

injuries on dairy cows in Canada and to determine whether the presence of injuries on different 

body parts was associated. The aim was to use a scoring system that was reliable between 

observers and feasible to use on commercial farms.  

 

MATERIALS AND METHODS 

Study design 

All methods used in this study were approved by the Animal Care Committees and 

Research Ethics Boards at Université Laval, University of Guelph, and University of Calgary. 

The data come from a larger cross-sectional study on dairy cattle housing, management, and 

welfare in Canada. Tie-stall farms were visited in Quebec (QC; n = 60) and Ontario (ON; n = 40) 

which together have 95% of Canadian tie-stall barns (Canadian Dairy Information Centre, 2011). 

Free-stall farms were visited in ON (n = 40) and Alberta (AB; n = 50), which together have 57% 

of Canadian free-stall barns (Canadian Dairy Information Centre, 2011). Farms in QC were 
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visited from May to December 2011, farms in ON from January to November 2011, and farms in 

AB from March to December 2011.  

Herd selection 

To be eligible for participation in this study farms had to be enrolled on milk recording 

with CanWest DHI (Guelph, ON) or Valacta (Sainte-Anne-de-Bellevue, QC). From a list of 

farms in ON and QC with mean milk production above 7000 L/cow/year and within 4h travel 

distance from a provincial research group (Laval, QC and Guelph or Kemptville, ON; n = 3052) 

farms were randomly selected and invited by mail to participate in the study. The number of 

letters sent out was based on an expected positive response rate of 20% and a target sample size 

of 60 QC tie-stall farms and 40 each of tie-stall and free-stall farms in ON. In AB, a letter of 

invitation to participate was sent to all farms (n = 130) participating in an unrelated project at the 

time. When letters were returned indicating the willingness of the producer to participate, they 

were interviewed by telephone to determine if they met the study criteria. Farms were included 

in the study only if they had at least 40 Holstein milking cows and if their milking cows had been 

housed in their present barn for at least one year. Farms were excluded from the study if the 

milking cows had outdoor access for more than 2 h/d, or if, for tie-stall farms, they did not milk 

the cows in their stall. This was to ensure study farms were representative of the housing 

situation on the majority of Canadian dairy farms. 

Cow selection 

From each herd, 40 focal cows were purposively selected for detailed observations. This 

was based on measurement of lying time, a main variable included in the larger study but not 

presented here. Ito et al. (2009) demonstrated that sampling 30 cows represented the overall 

mean herd lying time with high accuracy, so we chose to sample 40 cows per herd to get an 
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accurate sample and allow for losses of observations. We chose focal cows between 10 and 120 

days in milk (DIM) because early lactation is when the cow is producing the most milk and is 

most challenged by disease (Ingvartsen et al., 2003). If the milking herd had less than 40 cows in 

this stage of lactation, the selection criterion was expanded and the 40 cows that had most 

recently calved were selected, even if less than 10 DIM. If the milking herd had more than 40 

cows between 10 and 120 DIM, the sample of focal cows was balanced to reflect the proportion 

of primiparous cows in the herd (i.e., if 45% of the milking herd was primiparous, then the 

sample of 40 cows would include 18 animals in first lactation).  

Data collection 

Data presented here were collected during a single visit to each herd and information on 

parity and DIM of study cows on the day of visit was obtained from DHI or Valacta records. The 

size of the milking herd on the day of the visit was recorded. Cows were scored for hock, knee, 

and neck injuries according to the criteria presented in Table 2.1 and at the locations shown in 

Figure 2.1 (Gibbons et al., 2012). For tie-stalls, all scoring was done with the cow standing in the 

stall. On free-stall farms injuries were scored in the location on each farm which enabled the best 

view of the cow and this varied by farm. Hock injuries were commonly scored in the milking 

parlour, while knee and neck injuries were commonly scored in the free-stalls. Both the left and 

right limbs were scored for hock and knee injuries. One observer per farm was responsible for 

injury scoring and observers varied by farms. All teams underwent an intensive 2-week training 

program and repeatability for each trainee was assessed against the trainer. Repeatability was 

checked at two time points through the study period (Gibbons et al., 2012 and Vasseur et al., 

unpublished). Agreement between the observers and the trainer was calculated using the 

weighted Kappa coefficient (Kw). The target level of Kw > 0.6 was reached during training and 
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maintained throughout the study (Gibbons et al., 2012).  

Statistical analysis 

All data were analysed using SAS (version 9.2, SAS Institute Inc., Cary, NC). 

Descriptive statistics (mean, median, range, interquartile range) were used to describe herd and 

cow characteristics using the UNIVARIATE procedure in SAS. The overall proportions of hock, 

knee, and neck scores assigned as 0, 1, 2 or 3 were calculated using all observations (i.e., both 

left and right limbs for hocks and knees). All further analyses were done with injuries at the cow 

level by using the higher of the two limb scores for hocks and knees. Cows with incomplete 

injury observations were excluded from the analysis. Due to some farms having fewer than 40 

milking cows available for observation on the day of the visit, missing data entries, or the 

inability to score a cow due to conditions on-farm, there were not always 40 cows observed per 

farm. Farms with < 20 complete records for any given injury location were excluded from the 

calculation of herd-level prevalence of that injury location. Three free-stall farms were excluded 

entirely as they had < 20 complete records for all three injury locations. Hock and knee injury 

scores 2 and 3 were combined due to few observations of score 3. Parity of the cow was 

categorized as 1, 2, 3 or 4+ due to few cows in parity 5 and above.  

The association between proportions of injury scores and parity, as well as injury scores 

and farm type, was examined with chi-square tests. Spearman correlation coefficients were 

calculated to examine the correlation between injury locations and between left and right limbs.  

The level of significance for the rejection of a null hypothesis was set at P < 0.05.  
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RESULTS 

Cow and herd characteristics 

 A total of 100 tie-stall and 87 free-stall herds were analysed. The characteristics of the 

herds and cows studied are presented in Table 2.2. On tie-stall farms a total of 3,939 cows were 

observed from 100 farms, with 3,622 cows having complete hock records, 3,846 cows having 

complete knee records and 3,926 cows with complete neck records. On free-stall farms a total of 

3,596 cows were observed, with 2,663 cows from 70 farms having complete hock records, 3,010 

cows from 80 farms having complete knee records and 3,210 cows from 82 farms having 

complete neck records.  

Injury prevalence  

Tie-stalls. The distribution of injury scores (at the limb level for hocks and knees) is 

presented in Figure 2.2. On tie-stall farms the mean herd-level prevalence (and range) of cows 

with a hock injury (score ≥ 2) was 56% (6 - 94%, Figure 2.3). Of the 100 tie-stall farms, none 

were free from injury, 3 farms had a hock injury prevalence of less than 20% and 65 farms had a 

hock injury prevalence of 50% or more (Figure 2.3). The mean herd-level prevalence of knee 

injuries was 43%  (0 - 89%, Figure 2.4). Of 100 farms, 1 farm had no knee injuries, 21 farms had 

a knee injury prevalence of 20% or less, and 42 farms had a knee injury prevalence of 50% or 

more (Figure 2.4). The mean herd-level prevalence of neck injuries was 30% (0 – 80%, Figure 

2.5). Of the 100 farms, 15 had no neck injuries, 45 farms had a neck injury prevalence of 20% or 

less, and 28 farms had a neck injury prevalence of 50% or more (Figure 2.5). Among 3,546     

tie-stall cows with complete records for all three injury locations, 838 (24%) had no injuries, 

1,289 (36%) had an injury at one location, 1,001 (28%) had an injury at 2 locations and 418 

(12%) were injured at all three locations. Of the cows with an injury at 2 locations, 582 (58%) 
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were injured on the hock and knee, 264 (26%) were injured on the hock and neck and 155 (16%) 

were injured on the knee and neck. 

Free-stalls. On free-stall farms the mean herd-level prevalence (and range) of hock 

injuries was 47% (0 - 95%, Figure 2.3). Of 70 farms with at least 20 complete hock records, 3 

(4%) had no hock injuries, 16 farms (23%) had a hock injury prevalence of 20% or less, and 35 

farms (50%) had a hock injury prevalence of 50% or more (Figure 2.3). The mean herd-level 

prevalence of knee injuries was 24% (0 - 91%, Figure 2.4). Of the 80 farms with at least 20 

complete knee records, 7 (9%) had no knee injuries, 42 farms (53%) had a knee injury 

prevalence of 20% or less, and 9 farms (11%) had a knee injury prevalence of 50% or more 

(Figure 2.4). The mean herd-level prevalence of neck injuries was 9% (0 - 65%, Figure 2.5). Of 

82 farms with at least 20 complete neck records, 39 (48%) had no neck injuries, 71 farms (89%) 

had a neck injury prevalence of 20% or less, and 2 farms (2%) had a neck injury prevalence of 

50% or more (Figure 2.5). Among 2,302 free-stall cows with complete records for all three 

injury locations, 863 (38%) had no injuries, 1,066 (46%) had an injury at one location, 338 

(15%) had an injury at 2 locations and 35 (1%) were injured at all three locations. Of the cows 

with an injury at 2 locations, 244 (72%) were injured on the hock and knee, 58 (17%) were 

injured on the hock and neck and 36 (11%) were injured on the knee and neck. 

There was a difference in injury scores between tie-stall and free-stall farms for all three 

injury locations (P < 0.001) such that there was a higher frequency of injuries on tie-stall farms 

(Figure 2.6). For example, the percentage of tie-stall cows with at least one injured hock was 

56% while this was 47% in free-stall cows (Figure 2.6). Similarly, the percentage of tie-stall 

cows with at least one injured knee was 43% while this was 24% in free-stall cows. 
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Injury score and parity 

 On tie-stall farms there was a difference in hock injury score by parity (P < 0.001), where 

primiparous and parity 2 cows were assigned score 0 more frequently than parity 3 and 4+ cows 

(Appendix 1). Additionally, parity 4+ cows were assigned score 1 more frequently than parity   

1-3 cows. There was no difference in knee injury score by parity (P = 0.3). There was a 

difference in neck injury score by parity (P < 0.001) such that primiparous cows were assigned 

neck score 1 more frequently than parity 4+ cows (Appendix 2). Additionally, primiparous cows 

were assigned neck score 2 less frequently than all other parity categories.  

 On free-stall farms there was a difference in hock score by parity (P < 0.001). 

Primiparous cows were assigned score 0 more frequently than all other parity categories 

(Appendix 3) and parity 4+ cows were assigned score 1 more frequently than primiparous cows. 

There was a difference in knee injury score by parity (P < 0.001), such that parity 4+ cows were 

assigned score 0 less frequently, and score 1 and 2 more frequently, than all other parity 

categories (Appendix 4). There was a difference in neck injury score by parity (P < 0.001), 

where parity 3 and 4+ cows were assigned neck score 0 less frequently, and neck score 2 more 

frequently, than first and second lactation cows (Appendix 5).  

Correlations of injury types  

On tie-stall farms, the correlation coefficient between hock and knee injury was 0.17     

(P < 0.001), between hock and neck injury was 0.12 (P < 0.001) and between knee and neck 

injury was 0.14 (P < 0.001). The proportion of cows with an injury to the hock that also had a 

knee or neck injury was 50 and 34%, respectively. The proportion of cows with a knee injury 

that also had a hock or neck injury was 67 and 39%, respectively. The proportion of cows with a 

neck injury that also had a hock or knee injury was 65 and 56%, respectively.  
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On free-stall farms, the correlation coefficient between hock and knee injury was 0.04   

(P = 0.09), between hock and neck injury was -0.04 (P = 0.03) and between knee and neck injury 

was 0.09 (P < 0.001). The proportion of cows with a hock injury that also had a knee or neck 

injury was 26 and 8%, respectively. The proportion of cows with a knee injury that also had a 

hock or neck injury was 52 and 12%, respectively. The proportion of cows with a neck injury 

that also had a hock or knee injury was 39 and 31%, respectively.  

Correlation of injuries among limbs 

On tie-stall farms the correlation coefficient between the left and right hocks was 0.37   

(P < 0.001) and between the left and right knees was 0.42 (P < 0.001). Among cows with at least 

one hock injury, 40% occurred on both limbs; this rate of bilateral injury was the same for knees. 

Among cows with an injury on one limb, 50% of hock injuries were observed on the left and 

right, while 53% of knee injuries were observed on the left and 47% on the right. Additionally, 

22% (812 out of 3,622) and 17% (648 out of 3,846) of all cows scored were injured on both 

hocks and both knees, respectively.  

On free-stall farms, the correlation coefficient between the left and right hocks was 0.46 

(P < 0.001) and between the left and right knees was 0.57 (P < 0.001). Among cows with at least 

one hock injury, 42% were observed on both limbs and again this rate of bilateral injury was the 

same for knees. Among cows with an injury on one limb, 52% of hock injuries were observed on 

the left and 48% on the right, while 50% of knee injuries were observed on the left and right. 

Additionally, 20% (545 out of 2,717) and 10% (296 out of 3,015) of all cows scored were injured 

on both hocks and both knees, respectively.  
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DISCUSSION 

This is the largest study to investigate injuries on Canadian dairy cattle housed in both 

tie-stall and free-stall systems. This is an important step to provide a benchmark for injury 

prevalence and to help in setting attainable targets for injury reduction; such information may be 

useful in the development of animal care guidelines and welfare assessment programs.  

Determining the prevalence of injuries within a population is a necessary first step to 

identify the extent of the problem and track progress. Across all observations of individual body 

segments it was most common to see no injury (score 0), with the exception of hocks scored in 

tie-stalls, where no injury and injury score 2 were seen at equal frequencies. However, taking 

injuries at the cow level (i.e., maximum of the left and right limb score) there was a great range 

in herd-level prevalence of injuries; for example, an average of 56 and 47% of cows on tie-stall 

and free-stall farms had at least one hock injury. On 11% of tie-stall and 16% of free-stall farms 

more than 80% of cows had at least one hock injury; this is very concerning from a cow welfare 

perspective. 

The mean herd-level prevalence of hock injuries in tie-stalls found in the current study is 

very similar to another Canadian study on tie-stall farms (Zurbrigg et al., 2005), although the 

level of neck injury was 7.5 times greater here. This is contrary to what would be expected, as 

this study considered a neck to be injured only if there was broken skin or swelling, while 

Zurbrigg et al. (2005) also considered hair loss in their neck injury score. Thus, we actually had a 

more conservative definition of neck injury. Our selection criteria excluded farms where the 

milking cows were outdoors for more than 2 h/d while Zurbrigg et al. (2005) did not specify 

selection criteria related to outdoor access. Thus, farms in Zurbrigg et al. (2005) may have 

provided outdoor access to the milking cows, which perhaps may have had a sparing effect on 
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the level of neck injuries observed. Indeed, hock injuries have been shown to be negatively 

associated with the duration of exercise (Keil et al., 2006). Furthermore, compared to cows kept 

on Swiss organic dairy farms (Busato et al., 2000), the hock and knee injury prevalence found in 

the present study was much greater, again likely related to the differences in outdoor access 

between the two populations.  

 We are aware of only one other Canadian study examining injury prevalence on free-stall 

farms where approximately 43% of cows were observed to have an injury on the lateral tarsus 

(Weary and Taszkun, 2000) which is very similar to the prevalence found here (47%). The hock 

injury prevalence found in the present study is similar to the 46% prevalence reported for free-

stall cows in the UK, although it is not clear if that prevalence was calculated at the limb or cow-

level (Rutherford et al., 2008). If that is a limb-level prevalence then what we observed (34% of 

all hocks were injured) is actually lower and may be due to the fact that we only scored the 

lateral surface of the tarsal joint whereas Rutherford et al. (2008) also scored the medial surface 

and the tuber calcis (point of the hock). Fewer hock injuries were observed on cows on bedded 

packs in the US compared to the present data (Barberg et al., 2007), which would be expected 

due to the absence of stalls in bedded-pack housing. Kielland et al. (2009) reported the 

prevalence of knee swelling and wounds (the attributes similar to our injury definition) in free-

stall cows in Norway to be 6% which is much lower than what was observed here. This may be 

attributed to breed differences, or some other unmeasured factors that differed between the two 

populations. The prevalence of neck injuries found here is similar to findings from a study on 

free-stall cows in Norway where 6% of cows were observed with swelling on the neck (Kielland 

et al., 2010). In general, the literature on injuries has been focused largely on the hocks and 

knees. More information is needed about the prevalence and risk factors of injuries on the neck 
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and other locations such as the pin bones and hook bones.  

The lower injury prevalence observed on free-stall farms compared to tie-stall farms is in 

agreement with previous work (Busato et al., 2000; Zurbrigg et al., 2005; Kielland et al., 2009). 

Cows are completely confined to their stall in a tie-stall system while in a free-stall system they 

are able to move about and have some level of control over which stall they choose to lie in. 

Thus, tie-stall cows have a greater level of exposure to the elements of a stall likely to produce 

injury (such as inadequate lunge space and abrasive or hard stall surfaces) whereas free-stall 

cows can leave their stall and perhaps even choose a more preferred stall. Additionally, free-stall 

cows get more exercise because they have to move to be milked and to obtain food and water. 

More exercise has been associated with fewer injuries in dairy cattle (Gustafson, 1993; Keil et 

al., 2006). Thus, even though our study cows were kept indoors year-round, the increased 

exercise for the free-stall cows may have been a reason for the lower injury prevalence seen. 

There is a possible bias in our study population because all farms participated voluntarily. 

Some farms may have participated due to a concern for potentially poor welfare of their cows 

and to get the feedback from the assessment of their cows and facilities. However it is more 

likely that this volunteer bias resulted in the inclusion of farms that generally were more 

progressive, had better management and welfare for their cows and potentially lower injury 

prevalence than the overall Canadian dairy population. For tie-stall farms most of the cows with 

incomplete records were due to missing data entries or poor lighting in certain parts of a barn 

which prevented complete scoring of some cows. However, it is possible that some of these cows 

were reluctant to stand to be scored, which could itself be related to having an injury. Thus, 

because these cows were not included in the herd-level prevalence calculation, the prevalence of 

injuries on our study farms could have been higher than what was measured for tie-stall farms. 
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On free-stall farms hock injuries were commonly scored in the milking parlour. Thus, cows with 

incomplete hock records were not likely to be associated with having an injury because all 

lactating cows come to the parlour and an incomplete record was likely due to the parlour design 

(for example, it was difficult to score both hocks in a herringbone parlour). The scoring of knees 

and necks, however, was more commonly done in the free-stalls where cows were free to move. 

Cows with incomplete knee or neck records were likely those more mobile or more fearful 

animals. Whether that may be associated with having an injury is unclear. While all tie-stall 

farms had at least 20 cows with complete observations for each injury type, a number of        

free-stall farms had less than 20 cows with complete observations for hock, knee or neck 

injuries. The exclusion of such farms may have introduced a bias into the calculation of herd-

level prevalence on free-stall farms, although the direction of this is unclear. 

Older cows were generally observed with injures more frequently than younger cows, 

with the exception of balding on the neck among tie-stall cows. This is in agreement with 

previous studies on both tie-stall and free-stall farms where it has also been found that hock and 

knee injuries are more common on older cows (Alban et al., 1996; Rutherford et al., 2008; 

Kielland et al., 2009). However, we did find that younger cows were more frequently observed 

with balding on the neck, but less frequently with broken skin or swelling, than older cows. 

Younger cows may be more susceptible to balding because they are new to the housing 

conditions and adjusting to being tied in the stall. It is likely that they have not been housed long 

enough, or have not had enough exposure to the conditions that cause injury to have developed 

broken skin and swelling at the neck that was seen in the older cows. This also may relate to a 

bias in our sampling protocol: cows in early lactation, particularly recently calved heifers, may 

not have not been in their current conditions for very long. This, however, assumes that broken 
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skin develops from balding, and swelling from broken skin which this has not been clearly 

shown in the scientific literature.  

 A cow with more than one injured limb might indicate poorer conditions on farm or a 

greater exposure to poor conditions. An injury on one limb or one body location may influence 

or even cause an injury on another limb or body part if the injured area is being favoured. Injury 

correlations are also important to consider as a starting point towards knowing whether an injury 

at one location or on one limb is associated with injury at another location. Such conclusions 

cannot be made from these data due to our cross-sectional study design; a longitudinal study 

evaluating risk factors for the incidence of injury is needed. More detailed information is needed 

on the etiology and development of injuries over time. For this, a separate system for scoring hair 

loss, broken skin and swelling should be used to observe cows at regular intervals over time. At 

the same time detailed measures need to be taken of the environment and potential cow-level 

predictors such as body condition, lameness status or lying time to see how they influence the 

incidence of injury development.  

Correlations were also examined for practical reasons, i.e., would scoring one injury 

location give an estimate of the prevalence of injury expected at other locations? Or would 

scoring one of two limbs for knee or hock injury be sufficient? The low correlation coefficients 

between injury locations indicate that scoring one location does not provide reliable information 

about the level of injury expected at other locations on the cow. However, we did find that 

among cows with injuries at two locations it was most common to be injured at the hock and 

knee, potentially indicating common risk factors for these two injury types. Additionally, we 

found that among cows with a knee injury, 67% in tie-stalls and 52% in free-stalls also had a 

hock injury. Similarly, the proportion of cows on tie-stall farms with a neck injury that also had a 
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hock or knee injury was also above 50%. These proportions being greater than 50% might 

indicate some predictive value in knowing the injury score at one location, given the score at 

another. However, these calculations are also influenced by the absolute number of injured cows 

for a given location. For example, because there were fewer cows with knee injuries compared to 

hock injuries, there is a greater probability of those cows with a knee injury also having a hock 

injury. It must be noted that despite low correlation coefficients, they were still statistically 

significant. This is likely due to the very large sample size of cows in our study. We are not 

aware of any previous work correlating injury locations against which our results could be 

compared. 

 On both tie-stall and free-stall farms injured cows were more likely to be affected on one 

limb than on two. Similar findings were described by Potterton et al. (2011) where cows with 

hock ulceration on one limb were less likely to have ulceration on the other limb. Although we 

cannot know from these data when injuries occurred in relation to one another, this result 

suggests that it is more common for limbs to get injured one at a time rather than both at once. 

While there was a moderately positive correlation between injury scores on the left and right 

limbs (0.37 and 0.46 for hocks in tie-stalls and free-stalls; 0.42 and 0.57 for knees in tie-stalls 

and free-stalls), it is not high enough to be confident in scoring just one limb for injuries. 

Overall, scoring of just one limb will not provide a complete picture of a cows’ injury status and, 

whenever possible, both the left and right limbs should be scored for injury.  

This study focused on the use of a scoring system that would be feasible on commercial 

dairy herds for potential future application in animal care and welfare assessments. As a result, 

the presence of hair loss, broken skin and swellings were not scored separately (i.e., a cow with 

hock injury score 2 could have had swelling between 1 and 2.5cm or broken skin) in 
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consideration of feasibility. However, the high repeatability achieved between observers 

(Gibbons et al., 2012) indicates this is a sufficiently precise and repeatable scoring system and 

has potential to be used elsewhere in both research and commercial settings.  

 

CONCLUSIONS 

The results of this observational study indicate that there is a great range in hock, knee, 

and neck injury prevalence on Canadian tie-stall and free-stall dairy farms. There is little 

correlation between injury locations and between the left and right hind limbs, suggesting that 

scoring multiple injury types, and on both limbs of the cow, would be required to obtain a 

complete picture of the injury status of the cow. The low injury rate on some farms is promising 

and indicates that attaining low levels of injury is possible. On the other hand, the very high level 

of injury seen on some farms is concerning from a cow welfare perspective. Finally, the results 

of this study provide a benchmark for injury levels, which is important in setting attainable 

targets for reducing injuries.   
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Table 2.1. Description of injuries assessed on lactating dairy cattle (Gibbons et al., 2012). For 

analysis, score 2 and 3 were combined as 2+ 

Area of interest Score 0 Score 1 Score 2 Score 3 

Hock (tarsus) No Swelling.  

No hair is missing 

or broken hair  

Bald area on hock 

with no swelling 

or swelling < 1 cm 

high.  

  

Swelling,  

1-2.5 cm high, 

and/or broken 

skin/scab on bald 

area 

Swelling,  

> 2.5 cm high. 

May have bald 

area/broken skin/ 

scab  

 

Knee (carpus) No swelling. No 

hair is missing or 

slight hair loss or 

broken hair 

No swelling. Bald 

area 

Broken skin or 

scab and/or 

swelling (< 2.5 cm 

high). May have 

bald area  

 

Swelling ≥ 2.5 cm 

high. May have 

bald area/lesion 

 

Neck No swelling. No 

hair is missing or 

slight hair loss or 

broken hair 

No swelling. Bald 

area visible  

 

Broken skin or 

scab and/or 

swelling. May 

have bald area  

 

N/A 
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Table 2.2. Characteristics of farms and cows studied in Quebec, Ontario and Alberta, Canada 

Farm type Variable Mean Median Interquartile range Range 

Tie-stall Herd size (n = 100) 61 55 48 - 70 38 -120 

% of lactating cows scored 70 73 57 - 80 30 - 100 

Parity (n = 3924) 2.5 2 1 - 3 1 - 12 

DIM (n = 3871) 156 145 79 – 216 

 

4 - 735 

Free-stall Herd size (n = 87) 153 124 100 - 170 42 - 470 

% of lactating cows scored 33 30 24 - 40 9 - 95 

Parity (n = 3418) 2.2 2 1 - 3 1 - 9 

DIM (n = 3428) 100 82 50 - 119 3 - 786 
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Figure 2.1. a) Location of hock scoring: lateral surface of the tarsal joint. b) Location of knee 

scoring: cranial surface of the carpal joint. c) Location of neck scoring: dorsal surface of the 

middle of the neck  
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Figure 2.2. The percentage of all observations, at the limb-level for hocks and knees, that were 

assigned to each injury score on a) 100 tie-stall and b) 90 free-stall dairy farms in Canada.   Tie-

stall: hocks n = 7467; knees n = 7764; neck n = 3926. Free-stall: hocks n = 6136; knees               

n = 6120; neck n = 3212. *Neck injury scores were 0, 1, 2  
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Figure 2.3. The prevalence of cows with at least one injured hock (score ≥ 2) on a) 100 tie-stall 

dairy farms in Canada, estimated from a sample of approximately 40 cows per farm (3622 cows 

in total) and b) 70 free-stall dairy farms in Canada, estimated from approximately 40 cows per 

farm (2717 cows in total)   
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Figure 2.4. The prevalence of cows with at least one injured knee (score ≥ 2) on a) 100 tie-stall 

dairy farms in Canada, estimated from a sample of approximately 40 cows per farm (3846 cows 

in total) and b) 80 free-stall dairy farms in Canada, estimated from approximately 40 cows per 

farm (3015 cows in total)  
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Figure 2.5. The prevalence of cows with an injured neck (score 2) on a) 100 tie-stall dairy farms 

in Canada, estimated from a sample of approximately 40 cows per farm (3926 cows in total) and 

b) 82 free-stall dairy farms in Canada, estimated from approximately 40 cows per farm (3213 

cows in total)  
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Figure 2.6. The percentage of tie-stall and free stall study cows observed with a maximum left 

and right limb score, or neck score, ≥ 2 (P < 0.001). Tie-stall: hock n = 3622; knee n = 3846; 

neck n = 3926. Free-stall: hock n = 2717; knee n = 3015; neck n = 3212 
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Chapter 3. Factors associated with hock, knee, and neck injuries on free-stall dairy farms 

in Canada 

ABSTRACT 

Injuries have been widely acknowledged as a welfare concern in the dairy industry. The 

objective of this study was to identify the animal-based and environmental factors associated 

with hock, knee, and neck injuries on Canadian free-stall dairy farms. Free-stall dairy farms in 

Ontario (n = 40) and Alberta (n = 50), Canada were visited once each for cross-sectional data 

collection. A purposive sample of 40 lactating Holstein cows was selected for detailed 

observation on each farm. Cows were scored for hock, knee, and neck injuries on a 3 or 4-point 

scale with a higher score indicating a more severe injury and combining the attributes of hair 

loss, broken skin, and swelling. The higher of the two hock and knee scores were used in the 

analysis. A number of animal-based and environmental measures were taken which were 

hypothesized to be risk factors for injury. The mean herd-level prevalence (and range) of injured 

cows was 47% (0 - 95%), 25% (0 - 91%), and 9% (0 - 65%), for hock, knee, and neck injuries, 

respectively. Cows in parity 1 (odds ratio (OR) = 0.45 and 0.27 for knee and neck injury) and 2 

(OR = 0.49 and 0.4 for knee and neck injury) had lower odds of knee and neck injury compared 

to cows in parity 4+. The odds of hock and neck injury increased with increasing DIM. Lame 

cows had a greater odds of hock injury (OR = 1.5) than non-lame cows. The odds of hock injury 

was lower on sand (OR = 0.07), ‘other’ (OR = 0.2), and concrete   (OR = 0.46) stall bases in 

comparison to mattresses. Conversely, the odds of knee injury was greater on concrete           

(OR = 5.3) and ‘other’ stall bases (OR = 2.5) compared to mattresses. Low feed rail heights 

increased the odds of neck injury (OR = 53 for rails between 128 and 140 cm and OR = 28 for 

rails ≤ 128 cm). The odds of knee injury was greater on farms where any cows were observed to 



66 
 

slip or fall when moving into the holding area for milking (OR = 2.2) and lower on farms with 

rubber flooring in the alley along the feedbunk compared to bare concrete floors (OR = 0.29). 

These results demonstrate that individual animal characteristics, as well as barn design and 

animal management, are associated with hock, knee and neck injuries. These data provide a 

benchmark for injury prevalence in free-stall barns, and help guide investigations into causes and 

prevention of injuries. 

 

INTRODUCTION 

Injuries have commonly been described on the tarsus joint (hock), carpus joint (knee) 

(Huxley and Whay, 2006b) and neck (Zurbrigg et al., 2005) of dairy cattle. Injuries have been 

widely accepted as a welfare concern in the dairy industry. For example, using the Delphi 

method, experts agreed that injuries are an important indicator of welfare, and should be used in 

welfare assessments (Whay et al., 2001). Furthermore, on a 10-point scale (0 indicating no pain 

and 10 indicating the worst pain imaginable) cattle veterinarians in the UK assigned a median 

pain score of 5 for swollen hocks on cattle (Huxley and Whay, 2006a). Various codes of practice 

and animal care assessment schemes have included requirements for injury assessment (e.g. the 

Bristol Welfare Assessment Protocol (Main et al., 2007) and the C.O.W.S. assessment (Cow 

Comfort, Oxidative Balance, Well-being and Sustainability) carried out by Novus International 

and the University of British Columbia (von Keyserlingk, accepted). The impact of injuries on 

dairy cow welfare is well documented in the scientific literature. For example, swollen hocks 

have been positively associated with lameness (Klaas et al., 2003), hock wounds and swellings 

have been positively associated with clinical mastitis and teat injury (Sogstad et al., 2006), and 
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severe hock swelling has been positively correlated with somatic cell count (Fulwider et al., 

2007).  

Some animal-based risk factors have been identified for injuries. For example, several 

studies have found older cows in free-stall systems to have a greater prevalence of hock damage 

than younger cows (Weary and Taszkun, 2000; Rutherford et al., 2008; Kielland et al., 2009; 

Potterton et al., 2011). Hock and knee injuries are more common in early lactation (Baggott and 

Russell, 1981; Busato et al., 2000; Kielland et al., 2009) but no relationship between soft tissue 

injuries (e.g., back, neck, abdomen) and stage of lactation has been established (Busato et al., 

2000). The relationship between injuries and body condition is not clear. One study found a 

negative relationship between body condition and knee injuries (Kielland et al., 2009), and 

another found less soft tissue injury with increasing body condition (Busato et al., 2000). 

However, other research has found hock and knee injuries to be more prevalent on farms with a 

higher prevalence of over-conditioned cows (Regula et al. 2004). Rushen et al. (2007) found a 

negative correlation between the occurrence of knee swelling and total lying time. 

Environmental risk factors for injuries have also been reported. Several studies have 

found an association between shorter stalls and increased hock injury prevalence (Weary and 

Taszkun, 2000; Keil et al., 2006; Fulwider et al., 2007), however, two studies reported more 

hock injuries with longer stalls (Kielland et al., 2009; Potterton et al., 2011). More hock and knee 

injuries have been found on cows kept in stalls with restricted lying space (e.g., if the legs or 

neck could not be stretched; Regula et al., 2004). Similarly, Haskell et al. (2006) found that cows 

on free-stall farms with the smallest lunging space had the highest occurrence of knee swellings. 

There appears to be a negative relationship between stall base softness and injuries, such that 

waterbeds have been associated with reduced injury prevalence compared to mattresses 
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(Fulwider et al., 2007), mattresses have been associated with reduced incidence of hock injury 

compared to hard rubber mats (Livesey et al., 2002), and hard rubber mats have been associated 

with reduced incidence of knee injury in comparison to concrete stalls (Rushen et al., 2007).  

Much of this work comes from Europe while injury data on dairy cows in Canada are 

sparse. One Canadian study of 20 free-stall farms found 73% of the cows to have a hock injury 

(Weary and Taszkun, 2000). In that study hock injuries were most prevalent on farms with 

mattresses and least prevalent on farms with sand stall bases and it supported other work in 

finding older cows and short stalls to be associated with more hock injury. 

The objective of this study was to identify the animal-based and environmental factors 

associated with hock, knee, and neck injuries on Canadian free-stall dairy farms. 

 

MATERIALS AND METHODS 

Study design 

All methods used in this study were approved by the local Animal Care Committees and 

Research Ethics Boards at the University of Guelph and University of Calgary. The data come 

from a larger cross-sectional study on dairy cattle housing, management, and welfare in Canada. 

Free-stall farms were visited in Ontario and Alberta, which together have 57% of all Canadian 

free-stall barns (Canadian Dairy Information Centre, 2011). Farms in Ontario were visited from 

January to November 2011 and farms in Alberta from March to December 2011.  

Herd selection 

To be eligible for participation in this study farms had to be enrolled on milk recording 

with CanWest DHI (Guelph, Ontario). From a list of farms in Ontario with mean milk 

production above 7000 L/cow/year and within 4h travel distance from a provincial research 



69 
 

group (Guelph or Kemptville, Ontario) (n = 523), farms were randomly selected and invited by 

mail to participate in the study. The number of letters sent out was based on an expected positive 

response rate of 20% and a target sample size 40 farms in Ontario. In Alberta, a letter of 

invitation to participate was sent to all DHI-registered farms (n = 130) participating in an 

unrelated project at the time. When letters were returned indicating a willingness of the producer 

to participate, they were interviewed by telephone to determine if they met the study criteria. 

Farms were only included in the study if they had at least 40 Holstein milking cows and if their 

milking cows had been housed in their present barn for at least one year. Farms were excluded 

from the study if the milking cows had outdoor access for > 2 hours per day. This was to ensure 

study farms were representative of the housing situation on the majority of Canadian dairy farms. 

Cow selection 

From each herd 40 focal cows were selected for detailed observations. This was based on 

measurement of lying time as Ito et al. (2009) demonstrated that sampling 30 cows per farm 

represented the overall mean herd lying time with high accuracy. We chose to sample 40 cows 

per farm to get an accurate estimate and allow for losses of observations. We chose focal cows 

between 10 and 120 days in milk (DIM) because early lactation is when the cow is producing the 

most milk and is most challenged by disease (Ingvartsen et al., 2003). If the milking herd had 

fewer than 40 cows in this stage of lactation the 40 cows that had most recently calved were 

selected, even if less than 10 DIM. If the milking herd had more than 40 cows between 10 and 

120 DIM, the sample of focal cows was balanced to reflect the proportion of primiparous cows 

in the herd (i.e., if 45% of the milking herd was primiparous, then the sample of 40 cows would 

include 18 animals in first lactation). 
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Animal-based measures 

Cows were scored for hock, knee, and neck injuries according to the criteria in Table 3.1 

(Gibbons et al., 2012) and at the locations shown in Figure 3.1. Injuries were scored in the 

location on each farm which enabled the best view of the cow and this varied by farm. Hock 

injuries were commonly scored in the milking parlour, while knee and neck injuries were 

commonly scored in the free-stall. To record lying time an electronic data logger (HOBO 

Pendant G Acceleration Data Logger, Onset Computer Corporation, Pocasset, MA) was attached 

to one hind leg on the lateral side of the metatarsus and secured using Co- Flex vet wrap while 

cows were in the milking parlour (Andover Healthcare, Inc., Salisbury, MA). The loggers were 

set to record at one minute intervals and began recording at midnight on the day of injury 

scoring. Lying time (minutes per day), number of lying bouts, lying bout duration, and standard 

deviation of lying bout duration was averaged over 4 consecutive 24-hour periods (Ito et al., 

2009). Cows were video recorded while walking and categorized as lame or not lame based on 

the presence of a limp defined as ‘uneven weight bearing of one or more limbs’ (Flower and 

Weary, 2006). Cows were scored for body condition on a 5-point scale in 0.25 increments 

(Ferguson et al., 1994). Cows were scored for cleanliness on the leg, udder and flank, according 

to Table 3.2 and Figure 3.2. One observer per farm was responsible for injury scoring and 

observers varied by farms. All teams underwent an intensive 2-week training program and 

repeatability for each trainee was assessed against the trainer. Repeatability was checked at two 

time points through the study period (Gibbons et al., 2012; Vasseur et al., unpublished). 

Agreement between the observers and the trainer was calculated using weighted Kappa 

coeffiicent (Kw). The target level of Kw > 0.6 was reached during training and maintained 
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throughout the study (Gibbons et al., 2012). Information on parity and DIM of study cows on the 

day of injury scoring was obtained from DHI records.  

Environmental measures 

Qualitative assessments of the environment were done in the pens containing focal cows 

on the day of injury scoring. Stall dimensions were taken on the end stalls of 3 representative 

rows in each pen, and were measured according to Figure 3.3. On these same stalls lunge space 

was categorized as adequate or inadequate according to Figure 3.4. Stall width was measured as 

an average of three stalls on either side of the centre stall in each row that was measured. A 

minimum of 6 stalls per farm were evaluated for bedding depth and cleanliness. Stalls next to the 

centre stall in each measured row were selected. Bedding depth was evaluated as none (unable to 

rake bedding), little (≤ 2cm organic bedding depth when raked evenly, or below the curb for sand 

bedding), or deep (≥ 2cm of organic bedding depth when raked evenly, or even with or above the 

curb for sand bedding). Stall cleanliness was evaluated qualitatively on the back 25% of the stall 

after the cleaning routine, according to Table 3.3. The predominant stall base and bedding type, 

as well as whether or not there was more than one type on the farm, were noted. For each pen, 

the stocking density was calculated (cows/stalls), and the length of all available feeding space 

measured to determine the stocking density at the feedbunk (cm/cow). The type of feed barrier 

and flooring type in the cow alley adjacent to the feedbunk was noted, as well as whether or not 

there was more than one type on the farm. The height of the feed rail was measured from the cow 

standing floor surface to the underside of the rail or headlock top bar. 

The presence of feed in the feedbunk was evaluated 4 times per pen, at least 1 hour apart 

during 1 farm visit. Feed access was classified as the number of times at least 90% of the bunk 

space had feed. The flooring types in the holding areas, milking parlour where the cows stand, 
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and in the return alleys was noted. The total daily time out of the home pen for milking was 

calculated per pen as the time between the first cow leaving the home pen and last cow returning 

back to the home pen, multiplied by the milking frequency per day. Slipperiness of the flooring 

was observed on one pen per farm with the majority of focal cows for up to 30 minutes by 

counting the number of cows that slipped or fell while they were being moved to the holding 

area for milking. Slipperiness was categorized as 0: no cows slipped or fell, 1: < 3% of the cows 

slip and none fall, 2: ≥ 1 cow falls or > 3% slip or 3: ≥ 2% fall or ≥ 15% slip.  

Data handling  

The data were entered into a relational database (Microsoft Access 2010; Microsoft 

Corp.), and exported into Microsoft Excel 2010 (Microsoft Corp.) and into SAS 9.3 (SAS 

Institute Inc., Cary, NC) for analysis. Descriptive statistics were run on all categorical variables 

using the FREQ procedure and on all continuous variables using the UNIVARIATE procedure in 

SAS. Continuous variables were also examined visually with histograms created in SAS. If any 

categorical variables had many missing values or too few observations, categories were 

combined based on biological cut-points or to equalize the number of observations per category. 

Body condition score categories were combined into scores below 3 and ≥ 3. Cleanliness on the 

leg, udder and flank was categorized into clean (score 0) and dirty (scores 1, 2 or 3). Parity of the 

cow was categorized as 1, 2, 3 or 4+. Stall dimensions for a farm were averaged from all stalls 

measured on that farm and the standard deviation of each measure was calculated. Lunge space 

was analysed as the percentage of stalls per farm having adequate lunge space, so that a higher 

percentage indicated more stalls having adequate lunge space. Bedding depth was analysed as 

the percentage of stalls per farm having deep bedding and stall cleanliness was analysed as the 

percentage of clean stalls (scores A and B) per farm. Slips and falls were further categorized as 1 
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(any number of cows slipped or fell, scores 1, 2 or 3) or 0 (none of the cows slipped or fell. 

Access to feed was analysed as the percentage of feed checks where there was adequate access to 

feed.  

Statistical analysis 

All data were analysed using SAS (version 9.3, SAS Institute Inc., Cary, NC). 

Descriptive statistics (mean, median, range, interquartile range) were used to describe herd and 

cow characteristics. All analyses were done with injuries at the cow level by using the higher of 

the 2 limb scores for hocks and for knees. Cows with incomplete injury observations were 

excluded from the analysis.  

Parity and DIM were identified as potential confounders of lying time and lameness. The 

unit of analysis was the cow and the data were all collected in a cross-sectional design. Three 

separate models were built, one each for hock, knee, and neck injuries using logistic regression 

(Proc GLIMMIX in SAS with a binomial distribution and logit link function with chi-square for 

significance testing). For all three models the outcome was injured (score ≥ 2) or not injured 

(scores 0 and 1). First, each explanatory variable was tested separately, including quadratic terms 

in the case of continuous variables. Any variables having an association with injury at P < 0.15 

were offered to the multivariable model, after testing for correlation among variables using 

Spearman correlation coefficients. If two variables had a correlation coefficient greater than 0.6, 

the least significant or least biologically plausible variable was removed. Any non-significant 

variables (P > 0.05) were removed from the full model in a step-wise order, starting with the 

least significant and checking for confounding as they were removed. If the removal of any 

variable changed the coefficient of another variable by more than 30%, and if the variable being 

removed could reasonably be considered a confounder (i.e., if it could be associated with the 
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outcome and exposure but not a consequence of the exposure), then it was retained in the model. 

Farm was included in each model as a random effect. Biologically plausible two- way 

interactions between the variables retained in the model were added. Again, any non-significant 

terms (P > 0.05) were removed from the full model in a step-wise order, starting with the least 

significant.  

 

RESULTS 

Herd and cow characteristics 

A total of 90 free-stall farms were visited (Ontario n = 40, Alberta n = 50). Three farms 

were excluded from the analysis because they had no cows with complete records for any injury 

location. Of the 87 farms analysed, the median herd size was 121 milking cows (interquartile 

range [IQR]: 100 - 165) at the time of visit. The median proportion of milking cows assessed per 

farm was 30.5% (IQR: 22.9 - 40%).  

Stall bases were mattress (n = 49 farms), concrete (n = 12), sand (n = 10), rubber (n = 7), 

and ‘other’ (n = 9). The bedding types recorded (other than sand, which was only a bedding type 

on sand stall bases) were wood shavings (n = 28 farms), sawdust (n = 26), straw (n = 17), and 

other (n = 6). All stalls (100%) were assessed as having deep bedding on 4 of the farms with 

mattresses (8%), 9 of the farms with concrete (75%), 8 of the farms with sand (80%), 1 of the 

farms with rubber (14%), and none of the farms with ‘other’ stall bases.  

A total of 3,600 cows were observed with 2,713 cows from 75 farms having complete 

hock records, 3,020 cows from 84 farms having complete knee records and 3,214 cows from 84 

farms having complete neck records. The median lactation number of study cows was 2 and 
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ranged from 1-9 (IQR: 1 - 3). The median DIM of study cows was 82 and ranged from 3 - 786 

(IQR: 50 - 120).  

The distribution of all explanatory variables is presented in Table 3.4. 

Prevalence of hock, knee, and neck injuries 

 Among all 5,426 hocks scored, 52, 14, 32 and 2% were assigned score 0, 1, 2 and 3, 

respectively. Among all 6,040 knees scored, 72, 12, 15 and 1% were assigned score 0, 1, 2 and 3, 

respectively. At the cow level, among 2,713 cows with complete hock observations 38, 15, 44 

and 3% had a maximum hock score of 0, 1, 2, and 3, respectively; therefore, 47% of cows were 

classified as having a hock injury. Among 3,020 cows with complete knee observations, 63, 13, 

22 and 2% had a maximum knee score of 0, 1, 2, and 3, respectively; therefore, 24% of cows 

were classified as having a knee injury. Among 3,214 cows with a neck observation, 84, 7 and 

9% were assigned score 0, 1, and 2, respectively; therefore, 9% of cows were classified as having 

a neck injury. The herd-level prevalence of injuries ranged from 0 - 95% for hock injuries,          

0 -91% for knee injuries, and 0 - 65% for neck injuries.  

Factors associated with hock, knee and neck injuries 

 The factors significantly associated with hock injury were lameness, DIM, lying bout 

duration, stall base, and the distance from the neck rail to rear curb (Table 3.5). The factors 

associated with knee injury were parity, standard deviation of lying bout duration, stall base, 

mixed bedding types, flooring type, slips and falls, and stocking density (Table 3.6). The factors 

associated with neck injury were parity, DIM and height of the feed rail (Table 3.7). The odds of 

both hock (odds ratio (OR) = 1.1) and neck injury (OR = 1.2) increased with increasing DIM. 

Cows in parity 1 (OR = 0.45 and 0.27 for knee and neck injury) and 2 (OR = 0.49 and 0.4 for 
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knee and neck injury) had lower odds of knee and neck injury compared to cows in parity 4+. 

Stall base showed opposite direction of association for hock and knee injury, with the exception 

of sand stalls which were a protective factor for hock injury in comparison to mattresses. 

 

DISCUSSION 

 This is the first study to investigate factors associated with hock, knee and neck injuries 

on free-stall housed Canadian dairy cows. The results will help to provide a benchmark for injury 

prevalence in Canada, help in setting targets for injury reduction, provide preliminary guidance 

about barn design, and identify areas for further investigation. Overall, we found that 47% of 

cows in the study had at least one type of injury which is concerning from a cow welfare 

perspective. 

Determining the prevalence of injuries within a population is a necessary first step to 

identify the extent of the problem and track progress. Our injury scoring system combined the 

attributes of hair loss, broken skin and swelling so that they were not scored separately (i.e., a 

cow with hock injury score 2 could have had swelling between 1 and 2.5cm or broken skin). 

This was done in consideration of feasibility for an on-farm assessment where many other 

measures were being recorded in one visit. Scoring hair loss, ulceration, and swelling on separate 

scales and for each injury location would have been ideal, as previous work has shown the risk 

factors for these different aspects of injury to be different (Potterton et al., 2011). This greater 

level of detail would be needed to better understand the causes and etiology of the different 

injury locations; however, the scoring system we used was appropriate for addressing our 

specific objectives. To determine the causes and etiology of injuries, longitudinal studies are 

needed and would have beneficial practical applications. Prospective studies can be used to 
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determine the specific causes of injury and to observe how they progress, e.g., whether they start 

with hair loss and progress into ulceration and finally swelling, or if some other order of 

progression is occurring.  

Some studies use similar scoring systems but others employ different scales or definitions 

or perhaps observe different locations of the joint; this needs to be taken into account when 

making comparisons. Another Canadian study examined hock injury prevalence on free-stall 

farms, observing 43% of cows with an injury on the lateral tarsus (Weary and Taszkun, 2000) 

which is very similar to the prevalence found here (47%). The hock injury prevalence found in 

the present study is similar to the 46% prevalence reported for free-stall cows in the UK although 

it is not clear if that prevalence was calculated at the limb or cow-level (Rutherford et al., 2008).  

If that was a limb-level prevalence then what we observed (34% of all hocks were injured) is 

actually lower and may be due to the fact that we only scored the lateral surface of the tarsal joint 

whereas Rutherford et al. (2008) also scored the medial surface and the tuber calcis (point of the 

hock). Fewer hock injuries were observed on cows on bedded packs in the US compared to the 

present data (Barberg et al., 2007), which would be expected due to the absence of stalls in 

bedded-pack housing. Kielland et al. (2009) reported the prevalence of knee swelling and 

wounds (attributes similar to our injury definition) in free-stall cows in Norway to be 6% which 

is much lower than what was observed here. This may be attributed to breed differences, or some 

other unmeasured factors that differed between the two populations. The prevalence of neck 

injuries found here is similar to findings from a study on free-stall cows in Norway where 6% of 

cows were observed with swelling on the neck (Kielland et al., 2010).  

From the results of the logistic regression models there was no factor associated with all 

three injury locations. Increasing parity was associated with an increased prevalence of both knee 
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and neck injury and increasing DIM was associated with an increased prevalence of both hock 

and neck injury. Except sand stall bases, which were a protective factor for both hock and knee 

injury, the associations of other stall bases were opposite in the two models; in comparison to 

mattresses, concrete and ‘other’ stall bases were associated with decreased hock injury 

prevalence but increased knee injury prevalence. This suggests that hock and knee injuries 

develop by different processes. We hypothesize that hock injury is related to abrasion with the 

stall surface while knee injuries are related to impact with stall surface or flooring. Although 

bedding depth was not significant in either the hock or knee injury model, it must be noted that 

we measured this by raking the stall even; this may not be representative of what the cows are 

actually lying in since it was often observed that cows kick the bedding back before lying down 

and thus may have less bedding to cushion their knees at the front of the stall and more to protect 

to hocks at the back of the stall.  The abrasion of hocks by the stall surface would have been 

worse on our study farms using mattresses since few had deep bedding but a greater proportion 

of the farms with concrete stall bases had deep bedding. If knee injuries are related to impact 

while lying down even a mattress stall without bedding would provide more cushioning than a 

well bedded concrete stall. The differences in these three injury models highlights that the 

underlying etiology and development of these injury types is likely to be different. The present 

data cannot determine cause and effect because this was a cross sectional study design; 

longitudinal and experimental studies are needed to examine the causes and progression of these 

injuries over time.  

We found a number of animal-based measures to be significantly associated with injuries. 

In agreement with previous work (Klaas et al., 2003; Rutherford et al., 2008), we found the odds 

of hock injury was increased in lame cows compared to cows that were not limping. It may be 
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that lame cows have difficulty rising or lying down properly and bump or scrape their limbs 

during this process, or that the hock injury is painful and so may cause the animal to limp; with 

these data we cannot know whether the lameness or injury occurred first. Previous studies from 

Switzerland and Norway have found hock injuries to be more common in early lactation cows 

(Busato et al., 2000; Kielland et al., 2009) and in contrast we found the odds of both hock (OR = 

1.1) and neck injury (OR = 1.2) increased with increasing DIM. The effect of the quadratic term 

for DIM in both the hock and neck injury models was very small, indicating this is a weak 

association. We selected specifically for early lactation cows and thus the range of DIM (IQR = 

50 - 120) was perhaps not large enough in our sample to detect an effect of high DIM. We found 

an association of increased duration of cows’ lying bouts with decreased odds of hock injury but 

the quadratic effect was small. Also related to lying time, we found an association between the 

standard deviation of lying bout duration and knee injury. This suggests that greater variation in 

daily lying bout durations was associated with knee injury. However, the odds ratio of 1.01 again 

indicates a weak association. Parity was not associated in univariable analysis with hock injury 

but was considered for potential confounding of lying time and lameness. Parity was non-

significant in the final hock injury model and its removal resulted in little change in the other 

coefficients, so it was excluded from the final model. This is in contrast to other work finding 

more hock injury among older cows (Rutherford et al., 2008; Kielland et al., 2009; Potterton et 

al., 2011) and may be due to the more narrow range of lactation numbers in our sample         

(IQR: 1 - 3) compared to others (IQR: 1 - 4, Potterton et al., 2011). However, our findings did 

support previous work (Haskell et al., 2006; Kielland et al., 2009) in that the odds of knee injury 

were less in younger compared to older cows. Perhaps younger cows have not been housed long 

enough, or have had less exposure to the conditions that cause injury, compared to older cows. 
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Similarly, the odds of neck injury were lower in parity 1 and 2 cows (OR = 0.27 and 0.4 for 

parity 1 and 2, respectively) but this effect was not significant between cows in parity 3 and 4. 

This is in contrast to observations of cows in Switzerland (Busato et al., 2000) where no 

association was seen between parity and any soft tissue injuries, including the neck. The data 

from Switzerland were gathered from organic farms which likely had a greater level of outdoor 

access compared to our study herds that were specifically selected not to allow outdoor access by 

the milking cows for > 2 h/d. Organic farms have been shown to have fewer injuries than 

conventional farms (Rutherford et al., 2008) and outdoor access and exercise have been 

associated with less injury (Gustafson, 1993).  

Our data support other work from both Canada and the U.S. (Weary and Taszkun, 2000; 

Fulwider et al., 2007) in finding the odds of hock injury to be lowest on sand stalls (OR = 0.07) 

in comparison to mattresses. It may be that sand stalls are more malleable to the shape of the cow 

and thus provide a less abrasive and more comfortable lying surface. We did not find a 

significant difference in the odds of hock injury between cows on farms with mattresses and 

rubber mats and in contrast others have found mattresses to be associated with reduced 

prevalence (Kielland et al., 2009), incidence (Livesey et al., 2002) and severity (Tierney and 

Thomson, 2001) of hock injury compared to rubber mats. It may be that we did not have enough 

farms using rubber mats to detect a difference or that the specific types of rubber mats used 

differed in our study compared to others. Stall base was also a significant risk factor for knee 

injuries, with concrete (OR = 5.3) and ‘other’ (OR= 2.4) stall bases having greater odds of injury 

compared to mattresses and this supports other studies that have found concrete to be a risk 

factor for knee injury (Sogstad et al., 2005; Rushen et al., 2007; Kielland et al., 2009). There is a 

great amount of pressure applied to the knees when a cow rises and when a cow lays down in her 



81 
 

stall and obviously concrete is a very hard surface providing no cushioning during such 

movements. Even though the majority of our farms using concrete stalls had deep bedding this is 

likely not enough of a cushion to protect cows’ knees from the impact of lying down on a 

concrete stall. Indeed, our models have shown stall base to have an independent association with 

hock and knee injuries and the lack of association with bedding depth may be due to the way it 

was measured, as discussed previously. 

As the distance from the neck rail to the rear curb of the stall increased, the odds of hock 

injury decreased. Studies from Canada, Switzerland and the UK have found shorter stalls to be 

associated with more hock injury (Weary and Taszkun, 2000; Keil et al., 2006; Fulwider et al., 

2007). While the measures of stall length and neck rail distance are not exactly the same, they do 

both relate to the length of stall space available to the cow. In particular, a longer distance from 

the neck rail to rear curb may allow the cow greater freedom of movement while rising, allowing 

for a more fluid movement and reducing the chance of injury. In agreement with other work 

(Busato et al., 2000) we did not find an association between knee injury and bedding type, but in 

our study, farms using more than one type of bedding had a lower odds of knee injury             

(OR = 0.11) than those using only one bedding type. This, however, occurred on only 3 of the 87 

farms analysed which happened to have very low knee injury prevalence.  

The odds of knee injury was greater (OR = 2.2) on farms where any number of slips and 

falls were recorded while cows were being moved into the holding pen for milking. Our presence 

may have caused more cows to slip or fall during this one-time measure, but slips and falls were 

recorded in this way, by a novel person, on every farm. Of course the action of a cow slipping or 

falling could potentially cause injury since the knees would be subjected to a great amount of 

impact and abrasion. There may also be an independent effect of management style or handling, 
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which we did not measure; perhaps the producers on farms where cows slipped or fell are more 

likely to be rough or impatient with their cows resulting in their cattle having more injuries. This 

highlights the importance of proper animal care and handling in relation to injuries. 

Having rubber flooring in front of the feedbunk in comparison to concrete was associated 

with a reduced odds of knee injury (OR = 0.29). The Canadian Code of Practice for dairy cattle 

recommends the best practice for flooring is to “provide soft, high traction flooring in areas 

where cattle stand for long periods” (National Farm Animal Care Council, 2009). While the use 

of rubber over concrete is not explicitly suggested, our findings support this. Additionally, cows 

may be involved in aggressive interactions at the feedbunk and slip or fall; doing so on rubber 

would be less likely to cause injury than on concrete. 

For every 10% increase in stocking density (number of cows per stall) the odds of knee 

injury was 5.1 times greater. It was noted that one farm had a much greater stocking density than 

the others and re-running the knee injury model with this farm excluded resulted in stocking 

density no longer being significant (P = 0.07). The relationship between injuries and stocking 

density has been demonstrated for hock swelling (Potterton et al., 2011) but not yet for knee 

injury. As competition for space increases cows may be involved in more potentially aggressive 

interactions and slipping or falling in the free-stall area, causing knee injury. Competition for 

space may also force cows to lie in less preferred stalls, perhaps those wetter stalls with smaller 

dimensions or less bedding.  

We found the odds of neck injury to be greater on farms with lower feed rail heights    

(OR = 53 for neck rails 127.6 - 139.9 cm high and OR = 28 for neck rails ≤ 127.5 cm) compared 

to feed rail heights ≥ 149 cm. A study from Norway reported an interaction between cow 

shoulder height and feed rail height; tall cows had more neck injury on farms with feed rail 
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heights between 98 and 109 cm (Kielland et al., 2010); such interactions could not be tested with 

our data because we did not measure the cows. Furthermore, in a study of Canadian tie-stall 

cows, Zurbrigg et al. (2005) found that neck rails below 99 cm or above 114 cm were associated 

with less neck injury. More research is needed in both free-stall and tie-stall housing to 

determine the optimal feed rail height which will cause the fewest injuries.  

Environmental measurements were taken on multiple pens when focal cows were not all 

from the same group. Thus, many of our potential environmental risk factors were averaged over 

the entire farm and not specific to the pen where a given study cow was being housed. 

Additionally, we used herd-level variables (the environmental variables) with a cow-level 

outcome in our models. However, on our study farms the within-herd variability tended to be 

small. For example, the standard deviation of stall dimensions within a farm, was small, and few 

farms used different stall bases, bedding types or feed barriers within the farm (Table 3.4). Thus, 

the replication of one herd-level measure for each cow on a given farm is justified because each 

cow would likely be exposed to that same environment, or herd-level condition. We also did not 

take environmental measures on the dry cow or pregnant heifer housing conditions. It is possible 

that, since we targeted early to mid-lactation cows specifically, the injuries being recorded were 

a result of the previous housing conditions they were exposed to, and not the current ones which 

we measured. Had we assessed the dry cow and heifer environment those variables could have 

been tested in the models to determine if associations exist.  

In summary, we found that increasing parity was associated with an increased prevalence 

of both knee and neck injury and increasing DIM was associated with an increased prevalence of 

both hock and neck injury. Lameness was associated with greater odds of hock injury. Sand stall 

bases were a protective factor for hock injury. The odds of knee injury were greater on farms 
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where cows slipped or fell when moving into the holding area and lower on farms with rubber 

flooring in front of the feedbunk compared to concrete. Low feed rail heights greatly increased 

the odds of neck injury.  

 

CONCLUSIONS 

 Hock, knee, and neck injuries are prevalent on free-stall dairy farms in Canada. These 

results demonstrate that individual animal characteristics, as well as barn design and animal 

management, are important with respect to hock, knee, and neck injuries. These data indicate that 

having sand stall bases, feed rail heights above 149 cm and managing cows to reduce slips and 

falls were associated with reduced injury prevalence. Longitudinal studies are needed to improve 

our understanding of how best to reduce these injuries and thus improve dairy cattle welfare.     
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Table 3.1. Description of injuries assessed on lactating dairy cattle (Gibbons et al., 2012) 

Area of interest Score 0 Score 1 Score 2 Score 3 

Hock (tarsus) No Swelling.  

No hair is missing 

or broken hair  

Bald area on hock 

with no swelling or 

swelling < 1 cm 

high.  

  

Swelling,  

1-2.5 cm high, 

and/or broken 

skin/scab on bald 

area 

Swelling,  

> 2.5 cm high. 

May have bald 

area/broken skin/ 

scab  

 

Knee (carpus) No swelling. No 

hair is missing or 

slight hair loss or 

broken hair 

No swelling. Bald 

area 

Broken skin or scab 

and/or swelling (< 

2.5 cm high). May 

have bald area  

 

Swelling ≥ 2.5 

cm high. May 

have bald 

area/lesion 

 

Neck No swelling. No 

hair is missing or 

slight hair loss or 

broken hair 

No swelling. Bald 

area visible  

 

Broken skin or scab 

and/or swelling. 

May have bald area  

 

N/A 
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Table 3.2. Description of cleanliness scores assessed on lactating dairy cattle adapted from the 

Cook hygiene score card (http://www.vetmed.wisc.edu/dms/fapm/fapmtools/4hygiene/hygiene.pdf) 

Area of interest Score 0 Score 1 Score 2 Score 3 

Leg Fresh splashes of 

manure for <50% 

of the area
1
 

Fresh splashes of 

manure for >50% 

of the area 

Dried, caked and 

fresh manure for 

>50% of the area 

 

Entire area with 

dried caked 

manure 

Udder Fresh splashes of 

manure for <50% 

of the area
1
 

Fresh splashes of 

manure for >50% 

of the area 

Dried, caked and 

fresh manure for 

>50% of the area 

 

Entire area with 

dried caked 

manure 

Flank Fresh splashes of 

manure for <50% 

of the area
1
 

 

Fresh splashes of 

manure for >50% 

of the area (may 

have some caked 

spots) 

Dried, caked 

manure for >50% 

of the area (≥ 21 x 

28 cm, a sheet of 

A4 paper) 

Entire flank area 

and belly with 

dried caked 

manure 

 
1
 See Figure 3.2 
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Table 3.3. Stall cleanliness scoring scheme. The full width of the rear 25% of free-stalls was 

assessed visually 

Score Description 

A No manure or wet spots 

B Little manure and/or visible wet areas 

C 
Manure-free area larger than 

contaminated area 

D 
Contaminated area larger than manure-

free area 

E Entire area contaminated 
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Table 3.4. The distribution of all explanatory variables hypothesized to be associated with hock, 

knee, and neck injury as measured on 3,480 cows from 87 free-stall farms in Canada 

Variable Classification Cows, n (%)
1
 Median IQR 

Animal-based measures 

Parity 1 1,327 (38)   

2 916 (26) 

3 533 (15) 

4+ 580 (17) 

Days in milk Days 3,365  82 50 - 120 

Body condition score < 3 1,856 (53)   

≥ 3 1,544 (44) 

Lame Yes 672 (19)   

No 2,593 (75) 

Leg  Clean 2,508 (72)   

Dirty 935 (27) 

Flank  Clean 3,171 (91)   

Dirty 255 (7) 

Udder  Clean 3,264 (94)   

Dirty 166 (5) 

Lying time Minutes per day 3,393  640 554 - 723 

Lying bouts Bouts per day 3,395 10 8 - 13 

Lying bout duration Minutes per 

bout 

3,395 63 51 - 79 

SD of lying bout duration
2
 Minutes 3,395 38 31 - 48 

Environmental measures 

Stall base Mattress 1,920 (55)   

Concrete 484 (14) 

Sand 399 (11) 

Other 358 (10) 

Rubber 278 (8) 

Mixed
3 

stall base Yes 438 (13)   

No 3,001 (86) 

Bedding type Wood shavings 1,123 (32)   

Sawdust 1,041 (30) 

Straw 638 (18) 

Sand
4
 399 (11) 

Other 238 (7) 

Mixed bedding type Yes 120 (3)   

No 3,319 (95) 

Deep bedding Percent of stalls 3,439 0 0 - 100 

Clean stalls Percent of stalls 3,439 100 80 - 100 

Width cm 3,439 115 112 - 120 

SD width cm 3,439 3 2 - 5 
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Table 3.4 (Continued). The distribution of all explanatory variables hypothesized to be 

associated with hock, knee, and neck injury as measured on 3,480 cows from 87 free-stall farms 

in Canada 

Variable Classification Cows, n (%)
1
 Median IQR 

Stall length cm 3,439  240 231 - 250 

SD stall length cm 3,439 9 4 - 17 

Bed length cm 3,399 180 172 - 184 

SD bed length cm 3,399 5 3 - 10 

Brisket height cm 2,241 13 9 - 16 

SD brisket height cm 2,201 2 1 - 4  

Divider height
5
 cm 3,439 31 28 - 35 

SD divider cm 3,439 3 2 - 5 

Neck rail height cm 3,399 115 110 - 124 

SD neck rail height cm 3,399 3 2 - 4 

Neck rail distance from 

curb 

cm 3,399 168 163 - 174 

SD neck rail distance cm 3,399 5 4 - 7 

Curb height cm 3,439 22 20 - 25 

SD curb height cm 3,439 1  1 - 2 

Adequate lunge space Percent of stalls 3,399 75 50 - 100 

Stocking density Cows per stall 4,349 0.96 0.89 - 1 

Feed barrier Post and rail 1,516 (44)   

 Headlock 1,883 (54)   

Mixed feed barrier No 3,000 (86)   

 Yes 399 (11)   

Feed rail height ≤ 127.5 cm 875 (25)   

127.6 - 139.9 cm 761 (22) 

140 - 148.9 cm 798 (23) 

≥ 149 cm 927 (27) 

Flooring type
6
 Rubber 480 (14)   

 Concrete 2,959 (85)   

Feed alley width
7
 cm 3,361 370 352 - 396 

Feedbunk space cm per cow 3,439 61 48 - 72 

Feeding frequency Once per day 2,040 (59)   

 2-3 times per day  1,399 (40)   

Feed push-up  ≥ 2 times per day 3,119 (90)   

 Not needed, 

trough 

360 (10)   

Adequate feed access Percent of checks 3439 100 75 - 100 

Holding area floor Concrete 2,077 (60)   

 Rubber 960 (28)   

 Mixed 282 (8)   
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Table 3.4 (Continued). The distribution of all explanatory variables hypothesized to be 

associated with hock, knee, and neck injury as measured on 3,480 cows from 87 free-stall farms 

in Canada 

Variable Classification Cows, n (%)
1
 Median IQR 

Parlour floor Concrete 2,117 (61)   

 Rubber 1,200 (35)   

 Mixed 122 (4)   

Return alley floor Concrete 1,994 (57)   

 Rubber 560 (16)   

 Mixed 362 (10)   

Slips and falls Yes 521 (15)   

 No 2,601 (75)   

Milking time Minutes per day 3,118 197 130 - 242 
1
 Does not always equal 3,480 cows (or 100%) per variable due to missing observations 

2
 Standard deviation 

3
 If a farm had more than one category recorded 

4
 Sand only occurred as a bedding type on sand stall bases 

5
 Height of bottom divide rail above bedding surface 

6
 Flooring type in the cow alley adjacent to the feedbunk 

7
 Width of the alley where cows stand to feed  
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Table 3.5. Factors associated with hock injury on 74 farms in the final model with a binomial 

distribution and logit link function, where not injured = score 0 or 1 (n = 1,438) and           

injured = score 2 or 3 (n = 1,275)  

Fixed effect Class Coefficient SE 

Odds 

ratio 95% CI P-value 

Lame Yes 0.39 0.12 1.5 1.16 - 1.87 0.002 

 No Referent - - - - 

 

DIM Per 10 days 0.08 0.02 1.1 1.05 - 1.12 < 0.001 

DIM*DIM  -0.001 0.00 1.00 0.99 - 1.00 < 0.001 

 

Bout duration Per 10 min -0.13 0.05 0.88 0.80 - 0.97 0.012 

Bout duration*bout 

duration 

 0.01 0.00 1.01 1.00 - 1.01 0.017 

 

       

Stall base Other -1.6 0.39 0.2 0.1 - 0.43 < 0.001 

 Rubber -0.45 0.47 0.64 0.25 - 1.6 0.336 

 Sand -2.62 0.45 0.07 0.03 - 0.18 < 0.001 

 Concrete -0.77 0.37 0.46 0.22 - 0.96 0.039 

 Mattress Referent - - - - 

 

Neck rail distance from 

curb 

Per 1cm 

increase 

-0.03 0.01 0.97 0.57 – 0.96 0.014 
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Table 3.6. Factors associated with knee injury on 76 farms in the final model with a binomial 

distribution and logit link function, where not injured = score 0 or 1 (n = 2,309) and           

injured = score 2 or 3 (n = 711)  

Fixed effect Class Coefficient SE 

Odds 

ratio 95% CI P-value 

Parity 1 -0.80 0.15 0.45 0.34 - 0.6 < 0.001 

 2 -0.72 0.16 0.49 0.36 - 0.66 < 0.001 

 3 -0.54 0.17 0.58 0.42 - 0.82 0.001 

 4
1
 Referent - - - -  

 

SD
 
of lying bout duration Per min 0.01 0.00 1.01 1.00 - 1.01 0.003 

 

Stall base Other 0.92 0.39 2.5 1.19 - 5.3 0.016 

 Rubber 0.01 0.42 1.01 0.44 - 2.28 0.987 

 Sand -0.7 0.41 0.5 0.22 - 1.1 0.09 

 Concrete 1.66 0.35 5.3 2.67 - 10.47 < 0.001 

 Mattress Referent - - - - 

 

Mixed bedding Yes -2.15 0.79 0.12 0.02 - 0.55 0.007 

 No Referent - - - - 

 

Flooring type
2
 Rubber -1.27 0.36 0.28 0.14 - 0.57 < 0.001 

 Concrete Referent - - - - 

 

Slips and falls Yes 0.78 0.33 2.2 1.15 - 4.13 0.018 

 No Referent - - - - 

 

Stocking density Per 10% 

increase 

1.63 0.52 5.1 1.83 - 14.28 0.002 

 

Stocking density*stocking 

density 

 -0.08 0.03 0.92 0.87 - 0.97 0.001 

 
1
 Parity 4 - 9 combined into one category 

2
 Flooring type in the cow alley adjacent to the feedbunk   
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Table 3.7. Factors associated with neck injury on 81 farms in the final model with a binomial 

distribution and logit link function, where not injured = score 0 or 1 (n = 2,922) and           

injured = score 2 (n = 292) 

Fixed effect Class Coefficient SE 

Odds 

ratio 95% CI P-value 

Parity 1 -1.28 0.21 0.28 0.18 - 0.42 < 0.001 

 2 -0.92 0.22 0.4 0.26 - 0.62 < 0.001 

 3 -0.13 0.22 0.88 0.57 - 1.36 0.569 

 4
1
 Referent - - - - 

 

DIM Per 10 days 0.20 0.04 1.2 1.13 - 1.32 < 0.001 

DIM*DIM  -0.01 0.00 0.99 0.99-1.00 < 0.001 

 

Height of feed rail ≤ 127.5 cm 3.32 0.69 28 7.18 - 105 < 0.001 

 127.6 - 139.9 cm 3.96 0.69 53 13.6 - 204 < 0.001 

 140 - 148.9 cm 1.17 0.77 3.2 0.71 - 14.6 0.13 

 ≥ 149 cm Referent - - - - 
1 

Parity 4 - 9 combined into one category 
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Figure 3.1.  a) Location of hock scoring: lateral surface of the tarsal joint b) Location of knee 

scoring: cranial surface of the carpal joint c) Location of neck scoring: dorsal surface of the 

middle of the neck. 
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Figure 3.2. Location of cleanliness scoring assessed on lactating cows adapted from the Cook 

hygiene score card (http://www.vetmed.wisc.edu/dms/fapm/fapmtools/4hygiene/hygiene.pdf) 
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Figure 3.3.  Description of the stall dimensions measured on the end stalls of at least three 

representative rows in each pen. a) stall length (includes forward lunge space); b) bed length: 

distance from brisket board to rear point of stall curb; if no brisket board, distance from neck rail 

to rear point of stall curb; c) brisket board height: height of brisket board above bedding surface; 

d) height of bottom divider rail: distance from upper edge of bottom divider rail to bedding 

surface; e) neck rail height: height below neck rail to bedding surface; f) neck rail distance: 

distance between rear point of neck rail and rear point of stall curb; g) curb height: distance from 

top of curb to flooring surface. Adapted from Anderson (2008). 
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Figure 3.4.  Illustration of lunge space assessment, viewed from above. Lunge space was 

labelled ‘adequate’ if there was no obstruction 76cm forward from the centre of the top of the 

brisket board and to a 45º angle to the left and right and inadequate if there was an obstruction in 

this space. If there was no brisket board this measure was taken from the point of the neck rail 

and 10cm above the stall surface. Adapted from the Canadian Code of Practice for Dairy Cattle, 

Appendix C (National Farm Animal Care Council, 2009) 
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neck rail position 
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If there was no 
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space, lunge space 
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Chapter 4: General summary and conclusions 

 The primary objective of this thesis was to determine the prevalence of, and investigate 

the factors associated with, hock, knee, and neck injuries on dairy cows in Canada.  Injuries have 

been documented on dairy farms for a long time (Heizer et al., 1953) and their negative impact 

on dairy cow welfare is widely accepted. For example, experts agree that injuries are an 

important indicator of welfare, and should be used in welfare assessments (Whay et al., 2001). 

Injury scoring is required in the Bristol Animal Welfare Assessment Protocol (Main et al., 2007), 

the Dutch Welfare Quality Assessment Protocol for Cattle (Knierim and Winckler, 2009) and the 

C.O.W.S. assessment (Cow Comfort, Oxidative Balance, Well-being and Sustainability) carried 

out by Novus International (2011). Injuries are prevalent on the hock, knee and neck of dairy 

cows, but have also been described on the hook bones, pin bones, stifle joint and ribs (Huxley et 

al., 2004). Prior to this thesis research much of the literature on dairy cow injuries came from 

Europe and little was known about the prevalence or risk factors on Canadian farms. This 

research comes from a larger cross-sectional study on dairy cattle housing, management, and 

welfare in Canada.  

Overview of results 

 The first specific thesis objective was to determine the prevalence of hock, knee, and 

neck injuries on Canadian tie-stall and free-stall dairy farms. Hock and knee injuries were 

measured on a 4-point scale and neck injuries on a 3-point scale, combining the attributes of hair 

loss, ulceration and swelling in the injury definitions. Tie-stall farms were visited in Quebec and 

Ontario and free-stall farms were visited in Ontario and Alberta, Canada. On tie-stall farms the 

mean herd prevalence of hock, knee and neck injuries was 56, 43 and 30%, respectively, and on 
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free-stall farms 47, 24 and 9%, respectively. Across all study farms there was a great range in the 

prevalence of these injuries.  

 The second specific thesis objective was to determine if correlations exist between injury 

locations or injury scores on the left and right limbs. We wanted to determine if scoring one 

injury location would predict injury at other locations, or if scoring one of two limbs for knee or 

hock injury would be sufficient. On both tie-stall and free-stall farms the correlation between 

injury locations was low and indicated that scoring injuries on one location does not provide 

reliable information about the level of injury expected at other locations on the cow. While the 

correlation between injury scores on the left and right limbs was higher, it was more common for 

cows to be injured on just one limb (60 and 58% for tie-stalls and free-stalls, respectively) than 

on two. Together these results suggest that scoring multiple injury types, and on both limbs of 

the cow, is required to obtain a complete picture of the injury status of the cow.  

 The final research objective was to determine animal- based and environmental factors 

associated with hock, knee, and neck injuries on Canadian free-stall dairy farms. Increasing 

parity was associated with increased knee and neck injury prevalence and increasing DIM was 

associated with increased hock and neck injury prevalence. Lame cows had greater odds of 

having a hock injury compared to non-lame cows. Sand stall bases were a protective factor for 

both hock and knee injury. Increasing stocking density greatly increased the odds of knee injury 

and low feed rail heights greatly increased the odds of neck injury. The odds of knee injury was 

greater on farms where cows slipped or fell when moving into the holding area and lower on 

farms with rubber flooring in front of the feedbunk compared to concrete.  
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Implications of this work 

 This is the first multi-province study to determine the prevalence of, and investigate the 

factors associated with, hock, knee, and neck injuries on dairy cows in Canada. The results will 

help to provide a benchmark for injury prevalence in Canada, help in setting targets for injury 

reduction, provide preliminary guidance about barn design, and identify areas for further 

investigation. Public concern for the welfare of agricultural animals is increasing and the 

certification of ‘welfare friendly’ food products is likely to become more popular in North 

America in the coming years. As with dairy cattle welfare audits being carried out in Europe, 

injury scoring will likely be a part of the welfare assessments done in Canada. These data 

describe the current status of injuries in the Canadian dairy industry. The information regarding 

correlations of injury locations and injury scores on the left and right limbs will also be useful in 

developing welfare assessments as it indicates that scoring multiple locations and all four limbs 

is indeed necessary to get the full picture of injuries on a cow. The high repeatability we were 

able to achieve across multiple provinces and research teams (Gibbons et al., 2012) indicates that 

the injury scoring system we used is sufficiently robust and could be useful in future research 

and welfare assessments. Finally and most importantly, the data gathered on the risk factors for 

injuries has practical potential for the improvement of dairy cattle welfare. Knowing the factors 

associated with injuries is the first step toward reducing them. These data suggest that the use of 

sand stall bases, having feed rail heights above 149 cm and managing cows to reduce slips and 

falls are all associated with reduced injury prevalence. Sharing this information with producers 

will allow them to make the necessary on-farm changes that might contribute to injury reduction 

and thus improved cow welfare. 
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Limitations and future work 

 One limitation of this research is the lack of detail in our injury scores. Because this was 

part of a larger cow welfare assessment, many other measures were being taken on-farm at the 

same time. Thus, due to time constraints and feasibility issues with working on commercial 

farms, we were unable to make more detailed assessments of injury. Scoring hair loss, ulceration, 

and swelling on separate scales and for each injury location would have been ideal, as previous 

work has shown the risk factors for these different aspects of injury to be different (Potterton et 

al., 2011). Certainly this greater level of detail would be needed to better understand the causes 

and etiology of the different injury locations. For this, longitudinal and intervention studies are 

needed and would have beneficial practical applications. Prospective studies can be used to 

determine the specific causes of injury and to observe how they progress, e.g., whether they start 

with hair loss and progress into ulceration and finally swelling, or if some other order of 

progression is occurring. This may not be the same for all injury locations. Intervention studies 

can be used to find steps that should be taken to help heal injuries. For example, when an injury 

occurs cows can be assigned to various treatments such as being moved to pasture, a bedded-

pack, sand stall-base, or a deep bedded concrete stall to observe whether the injury heals and 

how long it takes on the various treatments. 

 Environmental measurements were taken on multiple pens when focal cows were not all 

from the same group. Thus, many of our potential environmental risk factors were averaged over 

the entire farm and not specific to the pen where a given study cow was being housed. Had we 

recorded the pen which each study cow was in we could have added an additional level of 

clustering into the model and potentially obtained more valid results. We also did not take 

environmental measures on the dry cow or pregnant heifer housing conditions. It is possible that, 
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since we targeted specifically early to mid-lactation cows, the injuries being recorded were a 

result of the previous housing conditions and not the current ones which we measured. Had we 

assessed the dry cow and heifer environment those variables could have been tested in the 

models to determine if associations exist.  

 There is a bias in our study population because all farms participated voluntarily. It is 

possible that this volunteer bias resulted in inclusion of farms that had better management and 

welfare for their cows and potentially lower injury rates in the overall Canadian dairy population. 

To remedy this, future studies should aim to have a random sample of study farms where 

participation is not voluntary, such as in the work by Zurbrigg et al. (2005) where farms were 

sampled as part of a mandatory annual Dairy Farmers of Ontario inspection.  

While it is intuitive that injuries negatively impact cow welfare, more work is needed to 

determine the extent or magnitude of this effect. For example, work is needed to validate 

whether injuries are indeed a source of pain for the dairy cow. This could be done by taking 

certain measures of cows’ behaviour and physiology before, during, and after an injury occurs to 

see if any changes are noted while the cow is injured. Additionally, choice tests could be carried 

out to see if injured cows will self-medicate by choosing, for example, to drink water with an 

analgesic added. 

Finally, associations between injuries and milk production have already been studied but 

with mixed results and not yet in Canada. It is beneficial to know the impacts injuries may have 

on milk production because, if there is a negative association, this could be a particularly good 

motivator for dairy farmers to make the necessary changes to reduce injuries on their farms.  
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Appendices 

Appendix 1. The proportion of hock scores assigned within each parity category among tie-stall 

cows. Parity 1: n = 1235; parity 2: n = 935; parity 3: n = 607; parity 4+: n = 836 
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Appendix 2. The proportion of neck scores assigned within each parity category among tie-stall 

cows. Parity 1: n = 1407; parity 2: n = 1005; parity 3: n = 634; parity 4+: n = 562 
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Appendix 3. The proportion of hock scores assigned within each parity category among free-

stall cows. Parity 1: n = 1027; parity 2: n = 764; parity 3: n = 431; parity 4+: n = 457 
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Appendix 4. The proportion of knee scores assigned within each parity category among free-

stall cows. Parity 1: n = 1172; parity 2: n = 819; parity 3: n = 473; parity 4+: n = 506 
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Appendix 5. The proportion of neck scores assigned within each parity category among free-

stall cows. Parity 1: n = 1244; parity 2: n = 869; parity 3: n = 514; parity 4+: n = 563 
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