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ABSTRACT 

THE CHARACTERIZATION AND RESOLUTION OF HOCK AND KNEE INJURIES 

ON DAIRY CATTLE AND THEIR RELATIONSHIP WITH ABNORMAL 

LOCOMOTION 

Amanda Maisy Rose Armstrong 

University of Guelph, 2020 

Advisor: 

Dr. David F. Kelton 

 

This thesis was an investigation into better understanding the prevalence of hock and knee 

injuries, and abnormal locomotion on dairy cows in Ontario, Canada, the relationship between 

injuries and abnormal locomotion, and if injury resolution occurs based on housing environment. 

A 52-week observational study took place to describe the relationship between mild, moderate, 

and severe hock and knee injuries and lameness in dairy cattle, and to determine if based on the 

type of hoof lesions present (non-infectious vs. infectious), and the treatment of regular hoof 

trimming, if cases of abnormal locomotion scores changed over time to become acceptable, and 

normal locomotion scores. Overall, the presence of moderate and severe hock and knee injuries 

were associated with abnormal locomotion scores. This association was further supported 

through the results on a larger dataset on the proAction Animal Care Assessment results for 

Ontario dairy farms. When following a regular hoof trimming schedule, it took around 50-days 

to see an improvement in locomotion score if a hoof lesion was present at the time of the trim. It 

is unknown if hock and knee injuries heal, based on descriptions of severity and complexity, and 

how long the healing process takes. A longitudinal observational study was developed to 

determine if hock and knee injuries heal or improve over time through facility transitions into 

housing environments that could promote healing, and how long this healing process takes. 



Fourteen commercial dairy farms were enrolled, 5 in Ontario and 9 in Nova Scotia, based on 

housing type and cow housing transitions made on the farm. A total of 598 cows were assessed 

for the presence of hock injuries using the Canadian proAction Animal Care Assessment scoring 

system. Overall, 77% of cows that transitioned with moderate hock injuries healed, 36% of cows 

with a severe hock injury, and 100% of cows with moderate knee injuries healed. Environments 

that promoted the most healing were deep bedded sand and pasture. The results of this thesis can 

help provide realistic timelines and expectations for dairy producers to implement corrective 

action plans to decrease the prevalence of injuries and lameness on their farms. 
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1 Literature Review 

1.1 Introduction 

Over the last few years, the public, in particular, consumers, have become more aware of 

where their food comes from and the quality of life that the animals producing it are 

experiencing in all aspects of animal husbandry. With this rising awareness, animal welfare 

research has become crucial in understanding how to improve the lives of agricultural animals. 

The study of animal welfare is decades old, and while the mechanisms used for assessing animal 

welfare have evolved, the principles have remained the same. Historically, animal welfare was 

assessed using the ‘five freedoms’; freedom from hunger and thirst; freedom from discomfort; 

freedom from pain, injury, and disease; freedom to behave normally; and lastly the freedom from 

fear and distress (Fraser et al., 1997; Botreau et al., 2007). More recently, Dr. David Fraser 

developed the concept of the three circles of animal welfare (Fraser, 2008). There are three 

ethical concerns that are expressed when assessing the quality of life of animals, and in this case, 

dairy cattle. The first being that dairy cows should lead natural lives; natural in the sense of being 

able to express and use their natural adaptations and capabilities in their environments. The 

nature of an animal is one that an animal possesses through its evolutionary history, and one that, 

through domestication or personal experience, may have been altered or modified to suit its new 

environment (Fraser et al., 1997). The second being that dairy cows should be able to express 

normal positive affective states such as feeling pleasure, comfort, and contentment, and should 

be free of prolonged and intense negative affective states such as fear, pain, and hunger. Lastly, 

dairy cows should function well in that they are in good health, growth, and reproduction, and 

have normal and functioning physiological and behavioural systems (Fraser, 2003). When 
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assessing animal welfare solely through biological functioning it can be argued that the newer 

production systems and methods, while still restrictive, are good for the animals’ welfare so long 

as the animals inhabiting these environments are in good health, growth, and reproduction 

(Fraser, 2003). The three concepts listed above do not function alone, they all work together in 

the provision and assessment of the quality of life of a dairy cow.  

Industry stakeholders (e.g. researchers, producers, service providers, veterinarians, etc.) 

use the term ‘cow comfort’ when addressing dairy cow welfare (Ventura et al., 2015). This term 

incorporates several aspects such as the environment that cows are housed in, the stall design 

(the space and quality of the surface), and the behaviour of the cow (standing and lying). 

Stakeholders often replace the term animal welfare with ‘cow comfort’ and feel that it 

encompasses welfare issues such as lameness and injuries (Ventura et a., 2015). When assessing 

the welfare of dairy cattle, lameness, and injuries are important animal-based measures to 

consider. There are three main areas that injuries are prevalent; 1) hock injuries, which are 

situated on the tarsus joint of the cows; 2) knee injuries, which are situated on the carpus joint; 3) 

and neck injuries, which are situated on the dorsal portion of the neck (Zaffino Heyerhoff et al., 

2014). Each injury can range in presentation from less severe with little to no missing hair to a 

more severe injury with abraded or broken skin, scabs, and medium to severe swelling (Potterton 

et al., 2011).   

Lameness in dairy cattle has been described as occurring when a cow is unable to travel 

in a regular, and sound manner, when walking on all four feet maintaining a normal back posture 

and head carriage (Sprecher et al., 1997). Lameness is one of the top welfare concerns facing the 

dairy industry today, and injuries to hocks and knees have also been recognized as a welfare 
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concern to the industry. The primary issue for lameness is that it is a behavioural response to 

pain in the animal. Lameness is also important to the dairy industry due to its economic impact, 

with estimates in the United States showing loss in milk production, delayed conception rates 

and subsequent costs (Cha et al., 2010). The same research found the average case of lameness to 

cost $175 USD (Cha et al., 2010). The prevalence of lameness in Canada ranges from 0-69% in 

free-stall herds (Solano et al., 2015), and 15% in tie-stall herds in Eastern Canada (Jewell et al., 

2019a). Similarly, injuries to the hocks and knees are also prevalent across Canada with 75% of 

injuries occurring at the hock and knee in free-stall herds (Zaffino Heyerhoff et al., 2014), and 

56% prevalence of hock injuries and 43% prevalence of knee injuries in tie-stall herds (Nash et 

al., 2016).  

There are several risk factors that are associated with and contribute to both lameness and 

injuries. The current housing systems in place for dairy cattle (tie-stall, free-stall, and bedded-

pack), all have a significant impact on the welfare of dairy cattle and the prevalence of injuries 

and lameness (Barberg et al., 2007). For example, bare concrete flooring, uncomfortable stalls, 

or both have been associated with an increased risk of injury (e.g. hock, knee). Concrete flooring 

is also believed to be a cause for lameness as many housing systems have cattle stand on bare 

concrete, and this has been associated with hoof lesion development that can then cause 

lameness (Wells et al., 1999; Somers et al., 2003;2005).  All injuries are more commonly seen in 

confinement housing systems in comparison to cattle that have access to pasture and are also 

more commonly seen during winter months where cattle within Canada are housed indoors 

(Rutherford et al., 2008). Stocking density, social interactions, parity and milk production, 

season, and hoof trimming schedules have all been associated with the presence or absence of 
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lameness and injuries (Rutherford et al., 2009). The development and underlying etiology of leg 

injuries and lameness all differ from one another and therefore it cannot be assumed that the 

development of a leg injury or lameness is linear or for common reasons among cattle.  

Efforts to reduce the prevalence of lameness and injuries have been addressed globally. 

The National Farm Animal Care Council (NFACC) is an organization that is supported by 

several industry and governmental partners in Canada. Their primary objective is to promote 

sound animal care and handling practices for Canadian livestock producers. This includes the 

development of the Code of Practice, a series of documents with recommendations and 

requirements on the management of a variety of livestock species, including dairy cattle 

(NFACC, 2009). While the Code of Practice for the Care and Handling of Dairy Cattle has 

historically been voluntary for producers to follow, the industry is continuously making 

improvements and changes, and has designed an initiative to assess dairy cattle that stems from 

the Code of Practice. The Dairy Farmers of Canada have established an efficient national 

program called proAction. The proAction initiative aims to promote continuous improvements in 

all aspects of the dairy industry. The program has requirements for food safety (under the 

Canadian Quality Milk Program), animal care, biosecurity, livestock traceability, and 

environmental sustainability. The Animal Care element has been implemented across Canada as 

of September 2017. There are several requirements of the Animal Care module, some examples 

of these requirements include that cattle must be provided with comfortable housing; they must 

have adequate access to feed and water; and the staff at the barns must have sufficient training 

and communication (DFC, 2019). All dairy farms in Canada are required to have an Animal Care 

Assessment (ACA) done on their farm. The ACA uses management-, resource, and animal-based 
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techniques to ensure that producers are compliant with the standards set out by proAction. 

Producers will be required to document and implement corrective action plans for any animal-

based measures (‘monitor’ or severe lameness, body conditions scores ≤2, and injures (hock, 

knee, and neck)) that fall into the category labelled as ‘requires corrective action’ (DFC, 2017). 

Therefore, it is important that the industry provides realistic timelines and expectations for 

producers to ensure they can implement appropriate corrective action plans to decrease the 

prevalence of animal-based measures on their farms.  

The purpose of this review is to provide an overview of the research that has been done 

on the welfare of dairy cattle in relation to lameness and leg injuries. In the following manuscript 

the characterization, development, and consequences of lameness and leg injuries in the context 

of the three circles of animal welfare (biological functioning, natural living, and affective states) 

are discussed. The aim of this review is to address research gaps in terms of relationships 

between lameness and leg injuries, the development of lameness and leg injuries, and the 

resolution of lameness and leg injuries. The gaps that are identified in this review helped in the 

creation of the research questions and thesis.   

1.2 Biological Functioning 

As previously stated, biological functioning pertains to an animal that is raised under 

conditions that promote them to have good biological functioning such as good health, growth, 

and reproduction (Fraser, 2003).  
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1.2.1 Biological Functioning and Leg Injuries 

When injuries to the legs are present, there is a concern that the welfare of the cow is at 

stake due to the impact that it could have on its biological functions. Both parity and stage of 

lactation, influence the risk of a cow developing hock and knee injuries. The higher number of 

parities and increasing lactation stage increases the risk a cow is of having and/or developing 

hock and knee injuries (Kielland et al., 2009; Zaffino Heyerhoff et al., 2014). This could be due 

to environmental factors that will be discussed under the natural living section, but cows that are 

exposed to a less ‘cow friendly’ environment, such as mattresses with little bedding, and have 

been exposed to the environment for longer periods of time, increases the risk.    

Overstocking of pens has also been associated with greater risk of leg injury development as 

it can contribute to an imbalance in social ranking where subordinate cows will be displaced 

from their stalls and feed rail more frequently, causing the cow to spend more time standing or 

lying in the alleyway where they will come in contact with concrete (DeVries and von 

Keyserlingk., 2006; Rushen et al., 2007). Increased displacements from the feed rail can result in 

lower dry matter intake, increasing the risk for injury development and milk production loss 

(Bareielle et al., 2003). In contrast, Sogstad et al., (2007) found that cows with hock injuries had 

higher milk yield compared to cows without hock injuries. These findings could be a result of 

cows with hock injuries being larger in size, explaining their high milk yield, and also increasing 

their risk of coming into contact with stall partitions and therefore creating hock injuries. Lim et 

al., (2015) and Nash et al., (2016) found that cows with lower body condition scores (BCS) had a 

higher probability of developing hock injuries due to smaller fat pads being present on their 

hocks to help in protecting the joint from the stall surface.  
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The presence of a hock injury may lead to gait disorders due to the mechanical restriction of 

joint flexion, infection at the site of the injury, or pain that is associated with the injury. 

Therefore, for some herds, the presence of hock injuries may directly be responsible for the high 

levels of impaired locomotion or severe lameness scores observed on-farm (Potterton et al., 

2011). The findings of Kester et al., (2014) showed that the presence of hock injuries can be 

attributed to the development of arthritis and hygromas, both of which inhibit the range of 

motion on a cow’s joints and can cause pain. Research by Rutherford et al., 2008 found that lame 

cows were more likely to have a swollen hock injury in contrast to non-lame cows. If a cow is 

suffering from impaired locomotion or severe lameness, they are more likely to spend more time 

lying down compared to a non-lame cow. The increased lying time can provide more 

opportunities for the cow to come into contact with the stall partitions and stall surface while 

making the lying to standing transitions. The increase in stall use and contact can increase the 

risk of hock and knee injury development (Potterton et al., 2011). While research has pointed out 

that there is an association between leg injuries and lameness, there is a gap in the literature with 

regard to whether a causal relationship exists, leading to questions whether lame cows are more 

likely to develop a hock and/or knee injury due to increased lying time, or if a cow with a hock 

and/or knee injury is more likely to develop lameness due to infection, inflammation, or pain.  

Fulwider et al., (2007) discovered a positive correlation between severe hock injuries and 

somatic cell count meaning cows with severe hock injuries were also subject to poor udder 

health, and higher culling rates, while Hadley et al., 2006 found that the main reason for culling 

cows on farms with fewer than 300 cows was due to injury.  
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1.2.2 Biological Functioning and Lameness 

Lameness can result from many problems in the hoof and leg; however, the majority of 

lameness cases are due to lesion or abnormalities of the hoof (Murray et al., 1996). These 

anatomical deformities can increase the risk for lameness. Hoof lesions can range in severity 

from non-infectious hoof lesions such as sole ulcers and white line disease to infectious hoof 

lesions such as digital dermatitis (Murray et al., 1996). Cramer et al (2008), found that 47% of 

cows housed in free-stalls had hoof lesions, with infectious lesions be the most common. 

Traditional lameness research has addressed the association between hoof lesions and lameness, 

with hoof lesions being a contributing factor to lameness 90% of the time (Pacheco et al., 2016).  

Reproductive performance and estrus intensity decrease with lameness due to physical 

limitations, such as less mounting activity (Lucey et al., 1986; Collick et al., 1989; Walker et al., 

2008). Lameness has also been known to delay cyclicity after calving (Garbarino et al., 2004), 

lengthen the intervals from calving to time of first artificial insemination (AI) and time of 

conception (Sprecher et al., 1997; Hernandez et al., 2005; Bicalho et al., 2007). It can also 

increase the incidence of ovarian cysts and lower the incidence of pregnancy to first AI 

(Melendez et al., 2003).    

If a cow becomes lame in her first lactation, the hazard of lameness in the second 

lactation is doubled (Hirst et al., 2002). The transition period for heifers and primiparous cows is 

an important period due to the changes in housing environments, social dynamics, and 

physiological changes (Tarlton et al., 2002; Bergsten et al., 2015). The weight of a cow 

fluctuates frequently throughout their lactation and dry period, therefore having a routine hoof 

trimming schedule is important to ensure that anatomical deformities are not occurring, and 
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weight is shared evenly on all four hooves (Stokka et al., 1997). Therefore, it is extremely 

important to have preventative management-based measures in place to ensure that a cow does 

not become lame in her first lactation.  

A common question in the dairy industry is whether lameness causes cows to become 

thin or whether thin cows are more likely to develop lameness. Most lameness cases occur within 

the first 100-days postpartum due to improper nutrient management during the transition phase. 

In order to decrease chances of lameness postpartum, dairy cattle must be provided with a steady 

increase of concentrate, as well as a diet with an adequate forage to concentrate ratio (Blowey, 

2005). If there is a proper feeding program in place for the transition period, the risk of lameness 

occurring postpartum is decreased. Lame cows are more likely to spend an increased amount of 

time lying rather than standing or walking in the pen, and therefore are at an increased risk for 

weight loss due to spending less time at the feed bunk (Walker et al., 2008).  

Research has also shown that lameness can have a negative impact on performance areas 

such as reduced milk yield, and an increased risk for culling (Booth et al., 2004; Amory et al., 

2008). Based on multiple studies focused on the culling of dairy cows, there is evidence that 

producers are culling cows in categories labeled as ‘injuries’, ‘disease’, ‘feet and legs’ or 

‘lameness’, which often times includes feet and legs together (Hadley et al., 2006; Compton et 

al., 2017). Hadley et al., 2006 found that across 10 states of the United States of America (USA), 

4.4% of producers reported that their reason for culling was due to problems with feet and legs. 

The highest ranked reason for culling was ‘health culls as a percentage of all culls’ at 79.5%, 

which included lameness and injuries. The larger the herd size, the more common it was for feet 

and legs to be the main reason for culling animals (Hadley et al., 2006). As a result of the high 
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prevalence of lameness across the dairy industry, and it being one of the main reasons that 

producers are culling their cows, additional research is required to understand the individual 

cow-level relationships, such as the relationship between hock and knee injuries and lameness, to 

hopefully decrease the prevalence that is currently seen in the industry.  

1.3 Natural Living 

Natural living emphasizes the naturalness of how an animal is kept and the ability of that 

animal to live according to its ‘nature’ (Fraser et al., 1997). As previously mentioned, the nature 

of an animal is one that it possesses through its evolutionary history and that could have been 

altered or modified through domestication, or the experiences that a particular animal has had. 

The natural living element of animal welfare was developed in response to societal concerns on 

restrictive and unnatural form of animal housing (Fraser et al., 1997). The term ‘natural living’ 

may not be the best term used for describing this circle of animal welfare as it can be argued that 

when keeping animal for human use and comfort, they will never truly live a natural life. An 

alternate way of assessing welfare through this scope could be providing animals with an 

environment where they can perform behaviors that they are motivated to do. The daily time 

budget for a dairy cow consists of 12-13 hours of lying, 4-6 hours of eating, and 2-3 hours of 

milking (Haley et al., 2000; DeVries et al., 2004). Based on the daily time budgets it can be 

noted that resting is an essential behavior for dairy cattle. If the housing system does not provide 

cattle with a comfortable environment, then there is an increased risk for the aforementioned 

injuries and lameness to develop. 
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1.3.1 Natural Living and Leg Injuries 

Recent benchmarking in North America has shown that dairy cattle managed in intensive 

systems are at a significant risk for injuries to develop (von Keyserlingk et al., 2012). Injuries to 

the hocks and knees are more commonly observed in confinement housing compared to pasture 

(Rutherford et al., 2008). If cattle are provided with outdoor access to pasture, the odds of 

developing an injury to their legs is decreased (Regula et al., 2004). There is evidence within 

Canada that the prevalence of injuries differs significantly between farm, and housing systems 

(i.e. tie-stall vs. free-stall). Zaffino Heyerhoff et al., (2014) and Jewell et al., (2019b) found the 

prevalence of cattle housed in free-stall farms (40 in Ontario, and 50 in Alberta, 40 in Eastern 

Canada) with at least one injury to the hock to range from 39-47%, and to the knee from 14-24%. 

Similar studies conducted by Nash et al., (2016) and Jewell et al., (2019b) found the prevalence 

of cattle housed in tie-stall farms (40 in Ontario, 60 in Quebec, and 33 in Eastern Canada), with 

at least one injury to the hock to range from 39-56.3%, and to the knee from 17-42.5%. Injuries 

are highly prevalent across the Canadian dairy industry and as a result it is likely that Canadian 

dairy producers may not be compliant with the thresholds originally set out by proAction.  

The environments in which we house dairy cattle play a significant role in the development 

of leg injuries. One of the more influential places for injury development is the stall. If the 

dimensions of the stall are too small, the restricted lying space can lead to cows coming into 

contact with the stall partitions when moving between standing and lying bouts. The more 

frequently the cow comes into contact with stall partitions, the higher the chances of developing 

injuries (Zurbrigg et al., 2005; Kielland et al., 2009). The stall base and lying surface for the cow 

also plays a significant role in the risk of injury development. The use of mattresses with very 



 

 

 

 

12 

little bedding can increase the risk of hock injury development due the abrasive nature of the 

rubber mattress. Systems with deep bedding in stalls such as straw, sawdust, and sand decrease 

the odds of cows developing hock and knee injuries as the depth provides a softer surface for the 

cows. This could be due to the softer surface being able to form around the cow in comparison to 

the firmer stall bases such as mattresses, rubber, or concrete (Haley et al., 2000; Weary and 

Taszkum, 2000; Kielland et al., 2009; Lombard et al., 2010; Potterton et al., 2011; Zaffino 

Heyerhoff et al., 2014). The odds of leg injuries are lower in younger cows in comparison to 

older cows, and this could be due to the length of physical exposure time in the environments 

(Haskell et al., 2006; Kielland et al., 2009; Zaffino Heyerhoff et al., 2014). In contrast to the 

above, Zaffino Heyerhoff et al. (2014) found that the associations of stall bases were opposite for 

hock and knee injuries. When comparing the use of mattresses and concrete stall bases, the odds 

of hock injuries developing decreased whereas the odds of knee injury development increased, 

suggesting that hock and knee injuries develop differently from each other. They suggested that 

hock injuries are more likely to form due to the abrasive surface of a stall base and floor whereas 

knee injuries are more likely to form due to the impact and contact with the stall base and 

flooring during standing and lying bouts. There is a large amount of literature demonstrating that 

the stall environment increases the risk of developing leg injuries, however, there is a gap in the 

literature surrounding the healing of leg injuries based on their severity and housing 

environment. 

 Higher stocking densities can lead to shifts with regard to the within-herd social order 

dynamics, where more dominant cows displacing subordinate cows from the stalls more 

frequently, leaving cows to either have to stand in the alleyways, or at times lay down in the 
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alleyways. One of the more common flooring types for an alleyway is concrete, and regular 

exposure to concrete can increase the risk of developing leg injuries (Kielland et al., 2009). 

Overstocking can also lead to a decreased amount of feedbunk space, which also results in more 

frequent displacements and an increased risk of injury development (Rutherford et al., 2008).  

 If there is limited space in the holding pen for the milking parlour, cow kicking and/or a 

cow moving in the wrong way can increase the chances of a cow coming into contact with metal 

partitions in the holding area. Depending on whether a cow already has an injury to their legs, 

this contact can either increase their risk of developing one, or increase the odds of one 

becoming more severe, such as a cut or acute swelling (Rutherford et al., 2008).  

It is important to house cows in a way that allows them to live as naturally as possible while also 

decreasing their chances of developing injuries.  

1.3.2 Natural Living and Lameness 

Similar to leg injuries, lameness can be caused by environmental factors as well. The 

flooring in the alleyways of barns contributes to lameness cases. Most confinement housing 

systems use concrete as their primary source for alleyways and the more that a cow walks on 

concrete, the faster their hooves can be worn down, thus increasing the risk of a cow slipping 

when it becomes wet with manure slurry (Phillips and Morris, 2000). The dairy industry as a 

whole has found success in using rubber as an alleyway surface in transfer lanes, along feed 

lanes, and in holding areas. The use of rubber has been associated with less slipping and an 

increase in walking pace for cows in comparison to concrete (Telezhenko and Bergsten, 2005; 

Rushen and de Passillé, 2006). The other benefits of using rubber in place of concrete include 
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less concussion for cows when walking, and less wear and tear on the hooves (Cook and 

Nordlund, 2009). Cows on pasture systems spend less time lying compared to those in 

confinement systems at 8.3-11.5 hours/day (Phillips and Rind, 2001; Tucker et al., 2007). The 

decrease in lying time may be due to the amount of travel time associated with going to and from 

the milking parlour, the amount of time spent feeding, or the weather (Cook and Nordlund, 

2009). It has been suggested that due to the softer surface of a pasture, cows do not have the 

same daily requirements for rest as they due on harder surfaces in confinement. Conversely, this 

hypothesis could be untrue, and cows may have the same requirements for resting out on pasture 

but the negative impact on gait is not seen on pasture compared to confinement due to cows 

spending their days standing on softer surfaces (Cook and Nordlund, 2009). Based on the above 

research on standing surfaces it is extremely important to manage and house cows in a manner 

that provides them with softer surfaces to decrease the risk of slipping and little traction.  

Once a cow has become lame, the base of the stall and the amount of bedding are 

important in facilitating healing. Harder stall surfaces such as mattresses and concrete do not 

provide robust cushioning and also make the process of standing and lying more difficult due to 

the risk of less traction leading to slipping and falling (Cook and Nordlund, 2009). Stall bases 

such as deep bedded sand provide cushioning for the claw when the cow is lying and traction for 

the standing and lying movements, thus providing a more comfortable environment for the cow 

and providing a space to promote healing (Cook and Nordlund, 2009).  

The distance that a cow needs to travel to the milking parlour, and the amount of time 

that a cow spends in the holding pen before and after milking can also increase the risk of 

abnormal locomotion. The amount of time spent away from the pen during milking time has 
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been shown to have a significant impact of the prevalence of within-herd lameness (Espejo and 

Endres, 2007). While it is assumed that milking time is relative to herd size and parlour capacity, 

this is not always the case as lame cows are often the last ones to enter the milking parlour, 

therefore increasing the amount of time that they spend away from resting in the pen (Hassall et 

al., 1993). It is important for a cow to return to their home pen in a timely manner so they can 

either eat and/or drink and then lie down to rest (Stokka et al., 1997).  

 Similar to the development of leg injuries, when pens are overstocked, the risk of 

lameness is also increased. The lack of space and potential increase in power dynamics between 

dominant and subordinate cows can oftentimes lead to cows spending more time standing for 

longer periods of time than lying and doing so in the alleyways. When referring back to the daily 

time budget of a cow, if they spend less than 10-hours a day lying down (should spend on 

average 12-13 hours), they are at greater risk of lameness, as their hooves do not get a break 

from the hard surface of the alleyways (Friend et al., 1977; Fregonesi et al., 2007).  It is therefore 

important to consider size of pens, number of stalls, and the stocking density when housing dairy 

cattle to ensure that overstocking does not occur.  

1.4 Affective States 

The final element of animal welfare is affective states (feelings and emotions). In this 

case, the quality of life of an animal is dependent on the freedom from suffering from prolonged 

pain, fear, hunger, and other negative affective states (Fraser et al., 1997). In order for an animal 

to experience a positive life, they must feel positive affective states such as comfort, 

contentment, and pleasure. Animal welfare scientists will often study the negative affective states 

that an animal is experiencing as their behaviours for pain and fear can easily be seen. Pain is an 
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affective state that is often referred to as an outcome when discussing lameness and leg injuries 

(Whay et al., 1998; Livesey et al., 2002). Pain is a complex experience that involves multi-

dimensional sensory and affective components. The International Association for the Study of 

Pain (ISAP) defines pain as “an unpleasant sensory and emotional experience, associated with 

actual or potential tissue damage, or described in terms of such damage” (ISAP, 1979). 

Generally, there are two types of pain that an animal can experience with the first being acute 

pain. Acute pain is usually associated with tissue damage which causes the animal to change 

their behaviour in order to avoid or minimize the damage that is done to the tissues and allow for 

healing to being taking place. An example of this is a cut or a wound, such as an abrasion on the 

hock or knee, or a hoof lesion. The second type of pain is chronic pain, which is described as 

pain that continues beyond the normal time that healing would take place, an example of this is 

chronic hock swelling, or chronic hoof lesions (Anil et al., 2002). Long lasting pain can alter the 

behaviour of animals, thus being one of the ways to assess if an animal is experiencing a 

negative affective state. In order to determine if there is a behavioural change, researchers can 

monitor cows through specific pain behaviours such as defensive behaviours (Thorton and 

Waterman-Pearson, 1999), through increased sensitivity to other sources of pain (Whay et al., 

1997), through the decline in frequency and magnitude of certain behaviours such as reduced 

activity and normal gait (Roughan and Flecknell., 2003), and lastly through choice or preference 

(Tucker et al., 2004). Dairy cattle are often stoic, referring to the fact that they do not display 

obvious pain behaviours due to the nature of them being prey animals. Over the last decade, 

research has been done in creating and validating facial pain assessment scoring systems for 

prey-like animals including dairy cattle (Gleerup et la., 2015). Their ‘Cow Pain Scale’ included 
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head and ear position of the cow, facial expressions, their response to being approached, and 

their back position (Gleerup et al., 2015).  

Observational scoring systems for lameness, hock, and knee injuries have been developed 

and validated to aid in having clear and more concise animal-based assessment tools across the 

industry.  Two three-point scoring systems have been developed and validated for the scoring of 

hock and knee injuries and are as follows: a score of 0 means that no swelling is present along 

with no hair loss or broken hair; a score of 1 means that there is a bald area present on the hock 

and/or knee, no swelling or swelling <1 cm high; a score of 2 means that there is swelling 

between 1-2.5 cm high, or broken skin or scab on a bald area of the hock and/or knee; a score of 

3 means that the swelling is >2.5 cm high, and there may be a bald area, broken skin or scab 

present on the hock and/or knee (Gibbons et al., 2012). A five-point scale has been developed 

and validated for the observational assessment of lameness. A score of 1 indicated that the cow 

exhibit smooth and fluid motion in their gait; a score of 2 indicates that the cow’s ability to move 

freely is not diminished; a score of 3 indicates that the cow is capable of movement and 

locomotion, however, their ability to move freely has been compromised; a score of 4 indicates 

that the cow’s ability to move freely is obviously compromised; and a score of 5 indicates that 

the cow’s ability to move freely is severely restricted and they must be strongly encouraged to 

stand up and/or move (NFACC, 2009). While lameness is often scored on a visual scale, this 

does not provide information on clinical cases of lameness, and this information is diagnosed 

through the hoof trimmer and/or veterinarian (Green et al., 2002). All of the aforementioned 

scoring systems are used regularly in the assessment of animal care on dairy farms across 

Canada.  
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Lameness and injuries to the hocks and knees are also considered a concern for the 

industry due to the lack of detection by the industry as a whole, and producers in particular. In 

the case of lameness, producers appear to struggle in identifying what animals are mildly to 

moderately lame, and research has found that their estimates are much lower in comparison to 

researchers. Through locomotion scoring, the estimated prevalence of lameness has ranged from 

2.5-3.86 times higher by researchers compared to that of producers or their farm staff (Well et 

al., 1993; Espejo et al., 2006; Whay et al., 2003). The discrepancies of hock and knee injury 

scoring between researchers and producers or their farm staff is currently unknown, however, the 

use of different scoring criteria, lack of observation, and the reluctance to admit that there are 

lameness or injury problems existing on their herds could all contribute to the difference in 

prevalence estimates (Wells et al., 1993; Whay, 2002).  

While the aforementioned scoring systems are useful for understanding the severity and 

prevalence of the injuries and lameness, they do not explain why they appeared in the first place 

or what effect they have on the animals themselves. 

1.4.1 Affective States and Leg Injuries 

Currently there is no literature assessing pain with leg injuries, however, pain is usually 

referred to as an outcome of the injury. For example, Livesey et al., 2002 concluded that cows 

with skin abrasions on their hocks, as well as evidence of hemorrhaging and/or a scab that 

resulted in trauma or infection of the underlying tissues of the hock, in particular, the synovial 

structure, were painful. Similar outcomes were spoken to in research by Wechsler et al., 2000, 

where severe leg injuries with hairless patches, scabs, and wounds present may result in pain and 

suffering. In addition, mild to severe lesions have shown inflammatory responses and changes 
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when assessed though thermography and histology, which also indicates that these injuries may 

cause pain or discomfort (Haager, 2016). However, there is a gap in the literature in terms of the 

overall etiology of the injuries and the consequences of the associated pain.  

1.4.2 Affective States and Lameness 

As mentioned above, the visual assessment of lameness is most commonly used as a measure 

to determine whether a cow is experiencing lameness. While this method is useful for pointing 

out which cows are showing signs of lameness, it cannot be deciphered if they are experiencing 

any negative affective states as a result of it. Abnormal locomotion is believed to be a direct 

cause of pain that is associated with lesions on the hooves (Whay et al., 1998). Researchers have 

developed methods of pain validation through the use of pressure gauges (Dyer et al., 2007), 

water pressure (Hernandez et al., 1999), and through the use of a blunt pin used to apply constant 

pressure to the metatarsus (Whay et al., 1998). The aforementioned methods resulted in a 

reaction of the cows moving away from the pressure, water, or pin, thus demonstrating that with 

the added pressures, pain was felt.  

1.5 Conclusions 

Lameness and leg injuries are both prevalent across the dairy industry and are both 

considered to be significant welfare concerns. Traditionally research has focused on the 

environmental and animal-based measures contributing to the high prevalence’s. Little research 

has been done in understanding the relationship between leg injuries and lameness, what leg 

injuries and lameness look like on a longitudinal scale, and what types of leg injuries heal, and 

whether this healing process changes based on the housing environment and severity. 
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1.6 Thesis Objectives and Outline 

This thesis was written with the aim to understand the characterization and resolution of 

hock and knee injuries and their relationships with lameness in dairy cattle in Canada.  

The objectives of the work described in this thesis are:  

1) To describe the overall prevalence of hock and knee injuries over 12-months in a herd in 

Southwestern Ontario, Canada (Chapter 2) 

a. To describe observed changes in the prevalence of hock and knee injuries by 

season to determine if there is a seasonal relationship with the prevalence of hock 

and knee injuries in cows housed indoors year-round.  

2) To understand the association between hock and knee injuries and lameness in dairy 

cattle (Chapter 3) 

a. To describe the relationship between mild, moderate, and severe hock and knee 

injuries and lameness in dairy cattle. 

b. To determine if based on the type of hoof lesion present (non-infectious vs. 

infectious), and the treatment of regular hoof trimming, if cases of abnormal 

locomotion scores change over time to become acceptable, and normal 

locomotion scores. 

3) To describe the development of hock and knee injuries and abnormal locomotion on 41 

cows in a herd in Southwestern Ontario, Canada (Chapter 4) 

a. To describe the temporal relationship between the development of hock and knee 

injuries and abnormal locomotion in first lactation cows.   

4) To determine if hock and knee injuries heal through a facility transition (Chapter 5)  
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a. To determine whether hock and knee injuries heal or improve over time through 

facility transitions from mattress environments into environments such as deep 

bedded sand or pasture, and how long this healing process takes.  

b. To determine if cows with severe hock and knee injuries heal in any 

environmental transition.  

5) To understand the Ontario proAction Animal Care Assessment results and the association 

between hock and knee injuries and abnormal locomotion on Ontario dairy herds 

(Chapter 6) 

a. To provide a descriptive summary of the proAction Animal Care Assessment 

results for hock and knee injuries, and locomotion scores on dairy farms in 

Ontario, Canada. 

b. To describe the relationship between hock and knee injuries, and abnormal 

locomotion, on a subset of free-stall and tie-stall Ontario dairy farms.   
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2.1 Abstract 

The objectives of this longitudinal observational study were to determine how the 

prevalence of hock and knee injuries change over a 12-month period, and to determine if there is 

a seasonal effect on the prevalence of hock and knee injuries. We hypothesized that there was 

not a seasonal effect on the prevalence of hock and knee injuries, as the cows within this herd 

were housed in the same indoor free-stall facility year-round. Data collection took place once 

weekly, for 12 months on all lactating cows at a herd in southwestern Ontario, Canada, from 

November 2017-December 2018. Hock (tarsus) and knee (carpus) injuries were scored on a 4-

point scale, based on the Canadian proAction Animal Care Assessment scoring system, which 

was adapted from Gibbons et al. (2012). Minor adjustments were made to the scoring system to 

allow for more detailed documentation of the observed changes in the lesions over time. Local 

average monthly temperatures were collected from Environment Canada. Monthly injury 

prevalence of hock and knee injuries were calculated and described. The prevalence of hock and 

knee injuries was higher in the spring and summer months compared to fall and winter months, 

with the peak prevalence of injuries occurring in July, which was also the warmest month in 

2018. During the study period season, more specifically temperature, was positively associated 

with the prevalence of hock injuries observed, and this relationship may warrant further 

investigation on a larger sample of farms.   
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2.2 Introduction 

The herd-level prevalence of leg (hock and knee) injuries ranges from 23 to 73% in 

Canada and internationally, and therefore is considered a welfare concern in the dairy industry 

(Veissier et al., 2004; Lombard et al., 2010; von Keyserlingk et al., 2012; Zaffino Heyerhoff et 

al., 2014; Jewell et al., 2019). The presence of leg injuries is a direct reflection of how the cow is 

impacted by her environment. Results of previous research indicate that several environmental 

factors are associated with hock and knee injuries, with the main risk factor being the stall 

environment. Specific stall attributes associated with injuries to hocks and knees include a hard 

stall base (Livesey et al., 2002; Rushen et al., 2007), the use of mattresses (Weary and Taszkun, 

2000; Jewell et al., 2019), the type and amount of bedding provided (Kielland et al., 2009; 

Potterton et al., 2011; Jewell et al., 2019), and the stall dimensions (Keil et al., 2006; Zaffino 

Heyerhoff et al., 2014; Nash et al., 2016).  

Previous studies describing the prevalence of hock and knee injuries have been carried 

out using cross-sectional studies, where the point-prevalence at one time point is estimated. 

While these studies have added to the industry’s knowledge surrounding hock and knee injuries, 

there is a gap in the literature in terms of how the prevalence of these injuries changes over the 

course of a cow’s lactation, and over the calendar year, especially for cows that are housed 

exclusively indoors. Rutherford et al. (2008) reported that cows had a higher prevalence of hock 

injuries in the spring compared to the fall (59.9% vs. 21.6%). However, it should be noted that 

this research was conducted in the UK, where cows are primarily housed on pasture during the 

summer months, so a lower prevalence of hock injuries in the fall is logical as cows have been 

on pasture prior to entering an indoor housing facility in the fall, and cows on pasture have a 
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lower prevalence of injuries compared to cows housed indoors (Rutherford et al., 2008). Similar 

results were reported by Livesey et al. (2002) and Haskell et al. (2006), where a higher 

prevalence of injuries was reported in the winter when cows were housed indoors on UK dairy 

farms. 

The objective of this longitudinal observational study was to describe changes in the 

prevalence of hock and knee injuries by season to determine if there is a seasonal relationship 

with the prevalence of hock and knee injuries in cows housed indoors year around. We 

hypothesized that the prevalence of hock and knee injuries did not change based on season, as 

the cows within this herd were housed in the same free-stall facility throughout study period. 

2.3 Materials and Methods 

All methods were approved by the Animal Care Committee at the University of Guelph 

(AUP 3777). This research was conducted at the University of Guelph’s Elora Research Station- 

Dairy Facility, in Elora, Ontario, Canada from November 2017-December 2018. Data collection 

took place once weekly, for 12-months on all lactating cows. Hock (tarsus) and knee (carpus) 

injuries were scored on a 4-point scale, based on the Canadian proAction Animal Care 

Assessment scoring system, which was adapted from Gibbons et al. (2012). Minor adjustments 

were made to the scoring system to allow for more detailed documentation of the observed 

changes in the lesions over time. Hock and knee injuries with score of 0 had no swelling or hair 

loss present; scores of 1 had no swelling or only minor swelling (<1 cm) and a bald area on the 

hock that was the diameter of a Canadian 25-cent coin (2.4 cm). This descriptor was added to the 

scoring system as it was something that the observers were comfortable visualizing and helped to 

increase consistency when scoring. Score of 2 had medium swelling (1-2.5 cm) and/or a lesion 
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on a bald area greater than the diameter of a 25-cent coin; scores of 3 had major swelling (>2.5 

cm) and may have bald area/lesion present (Gibbons et al., 2012). As per the proAction 

guidelines, hock and knee injury scores of 0 and 1 were deemed acceptable, while scores of 2 

and 3 were deemed unacceptable. Four observers were trained to identify and score hock and 

knee injuries following a previously described training protocol by Gibbons et al. (2012), with 

the goal of achieving an inter-observer agreement as measured by Cohen’s kappa of ≥ 0.6 during 

the training period. 

 Hock and knee assessments were made on both the right and left side of the animal and 

were performed at milking time while the cows were in the internal rotary parlour. One observer 

stood on the inside of the parlour and scored the right side (lateral and point), and the second 

observer sat on the outside of the parlour and scored both knees and the left hock (lateral and 

point). Each cow was given a score for hocks and knees as per the scoring system and additional 

descriptive details including the presence or absence of hair loss, the size of hair loss, scabs, 

blood, and swelling were also recorded. 

General cow health and production reports were downloaded weekly from the farm’s 

herd management computer software system. Stall environmental attributes were assessed and 

recorded using the Free-stall Assessor App (Board of Regents of the University of Wisconsin 

System, 2013). The cows were housed in a free-stall barn, mattresses were the stall base, and 

chopped straw was used as the bedding type on top of the mattresses. Cows were housed in pens 

of 30, with a total of 7 pens. Grooved rubber mats were used on the alley-ways and cross-overs 

in the pens, and down the main alley, which cows used to travel to and from the milking parlour.   



 

 

 

 

33 

Local monthly weather records were retrieved from the Environment Canada website, 

and the daily mean, maximum, and minimum temperatures were recorded. The highest 

temperatures for the year of 2018 were recorded in July, with the hottest day reaching 27.6 

degrees Celsius without the humidex. Figure 4 further illustrates the temperatures from January-

December 2018.  

All data were entered in Microsoft Excel 2010 (Microsoft Corp.) for Mac, and all 

descriptive analyses were performed in Stata15 (StataCorp, College Station, TX). Descriptive 

statistics (mean, SD) were generated to describe the cow-level characteristics. The prevalence of 

hock and knee injuries were calculated by week, season, and also by lactation stage. Two mixed 

effect logistic regression analyses were performed to determine if outdoor temperature (in 

Degrees Celsius) and parity were associated with the prevalence of hock and knee injuries with a 

score of 2 and/or 3, respectively. Cow ID was included as the random effect in both analyses to 

account for the repeated observations for each cow. 

For the first analysis, hock injuries with a score of 2 or 3 were the dependent variable, 

with temperature, parity, and days in milk (DIM) as covariates. Parity was categorized as 1, 2, 3+ 

and temperature was categorized as low (-1°C to -14 °C), medium (0°C to 14°C), and high 

(14+°C). Temperature was categorized based on the average daily weather during the study 

period and using cut-points based on quartiles. DIM was categorized based on early (0-100 

days), mid (100-200 days), and late (200+ days) lactation. The second mixed effect logistic 

regression analysis was similar, with the dependent variable being presence or absence of 

moderate to severe knee injury (score 2 or 3), versus mild or no injury. The same covariates were 

used in the second analysis.  
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2.4 Results and Discussion 

Overall, 9,582 observations for 319 unique cows were collected over the course of the 12 

months. The minimum number of observations per cow was 1, the maximum number of 

observations per cow was 52, and the average number of observations per cow was 30 over the 

52 week study period. The average herd size was 205 lactating cows, with a weekly average of 

38% first parity cows, 29% second parity cows, and 32% third and greater parity cows. The 

weekly parity distribution in the herd is depicted in Figure 1. The weekly average percent of 

hocks scored 2 or 3 over the course of 12 months was 70% and ranged from 41% to 85%, the 

weekly average percent of moderate or severe knee injuries (scores of 2 and 3) was 16% and 

ranged from 3% to 38%. These values fall in the range of previously reported herd averages for 

leg injuries of 23-73% both in Canada (von Keyserlingk et al., 2012; Zaffino et al., 2014; Jewell 

et al., 2019) and internationally (Veissier et al., 2004; Lombard et al., 2010). The monthly 

prevalence and the monthly average of new cases of hock injury scores (0-3) and knee injury 

scores (0-3) are presented in Figures 2 and 3, respectively. 

Season was defined by calendar month with fall being from September 1st- November 

30th, winter from December 1st-February 28th, spring from March 1st-June 1st, and summer from 

June 1st to August 31st. There was a higher prevalence of hock and knee injuries during the 

spring and summer months, and the winter months had the lowest prevalence of all injuries. 

Based on Figures 2 and 3, there appears to be a gradual increase in monthly prevalence of hock 

and knee injuries from November through to August, with the peak prevalence occurring in July. 

Overall, based on Figures 2 and 3, there was a lower prevalence of knee injuries (scores of 2 and 

3) within the herd over the 12-month study period in comparison to hock injuries.  
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Table 1 presents the results of the mixed effects logistic regression analysis for moderate 

and severe hock injuries. The results indicate that parity 2 cows were 2.2 times more likely to 

have a hock injury score of 2 or 3 compared with cows in their first lactation (P£0.0001; 95% 

CI: 1.7-2.8). Cows with 3 or more parities were 6.3 times more likely to have a hock injury score 

of 2 or 3 in comparison to cows in their first lactation (P£0.0001; 95% CI: 4.2-9.3). Cows in mid 

and late lactation were 2.8 and 4.1 times more likely to have hock injuries compared to cows in 

early lactation (P£0.0001; 95% CI: 2.3-3.2; P£0.0001; 95%CI: 3.5-4.9), respectively. Thus, our 

results provide further evidence that parity and stage of lactation influence the risk of a cow 

developing hock and knee injuries. Cows in higher parity groups, and further into the lactation, 

were at greater risk of having and/or developing hock and knee injuries (Kielland et al., 2009; 

Zaffino Heyerhoff et al., 2014). Time periods with medium and high temperatures were 

associated with the presence of hock injuries, with cows being 1.7 and 5 times more likely to 

have hock injuries with a score of 2 or 3 in medium and high temperatures respectively 

(P£0.0001, 95% CI: 1.5-1.9; P£0.0001; 95% CI: 3.5-4.9). This result is also illustrated in Figure 

2, where the percent of new cases of hock injuries in the summer months were more severe in 

comparison to the fall and winter.  

The results for the second mixed effects logistic regression model for moderate and 

severe knee injuries are presented in Table 2. Interestingly, neither parity nor DIM were 

associated with the presence of knee injuries. The lack of association between parity and DIM 

and knee injuries could be due to the fact that a smaller number of cows developed knee injuries 

in this herd during this time period compared to the number of cows that developed hock 

injuries, and thus our analysis may have lacked the power to identify these relationships. Similar 
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to the results for hock injuries, temperature was associated with the presence of knee injuries. 

Cows in medium and high temperatures categories were 1.5 and 5.1 times more likely to have 

knee injury scores of 2 of 3 compared to cows in the low temperature category (P£0.0001; 

95%CI: 1.17-1.79;  P£0.0001; 95%CI: 4.11-6.25). This result is also illustrated in Figure 3, 

where the percent of new cases of knee injuries in the summer months were of more severe knee 

injuries.   

 Lactating dairy cows spend 50 to 60% of their daily time budget lying down; this is 

between 12-13 h/d lying (Haley et al., 2000). Research done by Cook et al., 2007 reported that 

during the colder seasons, such as the fall and winter here in the northern hemisphere, the lying 

time of cattle decreased to be around 10.9 hours per day, compared to the average 12 to 13 h/d 

(Cook et al., 2007). The decrease in lying time could indicate that when cows are colder in their 

environment, they prefer to spend more their time standing, standing idle, or eating. If the 

observed injuries are occurring due to friction between the stall surface and the hock and/or knee 

when the cow is lying down, the decrease in lying time during colder months could help to 

explain the lower prevalence of hock and knee injuries during the fall and winter months in our 

study. Researchers have stated that an association could exist between the frequency of a cow 

coming into contact with stall partitions having an increased chance of injury development 

(Zurbrigg et al., 2005; Kielland et al., 2009). When cows are spending more time standing rather 

than lying, they will not be coming into contact with the stall partitions and the stall base as 

frequently, thus decreasing their chances of developing or further exacerbating their hock and/or 

knee injuries.  
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 In the same study by Cook et al., 2007, they reported that in the warmer seasons such as 

the spring and summer there was a decrease in lying time to less than 8 h/d. This significant drop 

in lying time during the warmer months could indicate that when the temperature in the barn is 

too warm, cows prefer to spend more time standing where a breeze may be present in the barn.  

The decrease in lying time could also be due to the stalls being exposed to the elements during 

summer months and could become wet, either through precipitation or humidity. Research by 

Fregonesi et al., 2007 reported that dry cows preferred lying on dry surfaces and spent more time 

standing outside the stall if only provided with wet bedding. It may be that the increase in injury 

development is due to the bedding becoming damp and from the number of times they get up and 

down, while their hocks and knees are coming into contact with the stall partitions and base. The 

dampness of the bedding could also cause more friction with the stall base, as the farm studied 

uses finely chopped straw that tends to clump together when wet. Future research should look at 

seasonal and temperature effects on hock and knee injuries on a broader scale, such as placing 

data loggers on cows year-round to collect data on their standing and lying times through 

different seasons and temperatures.  Future research could also explore different environments 

and the effect of the dampness of different bedding materials over time along with lying time and 

their effect on injury prevalence.  

In conclusion, we found a seasonal difference in the prevalence of hock and knee injuries, 

with higher prevalence during the spring and summer months. Parity, temperature, and DIM 

were statistically associated with the observed prevalence of moderate and severe hock injuries; 

however, temperature was the only covariate associated with knee injuries. The highest 
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prevalence of hock and knee injuries were seen in July, which was also the warmest month 

during the study period.  
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Table 2.1: The results of the mixed effects logistic regression model for the relationship between 
moderate or severe hock injuries and parity and seasonal temperature, on 319 cows in a mattress 
free-stall herd in southwestern Ontario, Canada. 

Variable Categories Odd ratio 95% CI P-value 

Parity 1 - - - 

 2 2.2 1.7-2.8 <0.0001 

 3+ 6.3 4.2-9.3 <0.0001 

Temperature 

(°C) Low (-1°C to -14 °C) - - - 

 Medium (0°C to 14°C) 1.7 1.5-1.9 <0.0001 

 High (14+°C) 5 4.3-5.9 <0.0001 

Days in Milk Early (0-100 days) - - - 

 Mid (100-200 days) 2.8 2.3-3.2 <0.0001 

 Late (200+ days) 4.1 3.5-4.9 <0.0001 
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Table 2.2: The results of the mixed effects logistic regression model for the relationship between 
moderate or severe knee injuries and parity and seasonal temperature, on 319 cows in a mattress 
free-stall herd in southwestern Ontario, Canada. 

Variable Categories Odd ratio 95% CI P-value 

Parity 1 - - - 

 2 0.6 0.41-0.87 0.007 

 3+ 0.9 0.49-1.49 0.58 

Temperature 

(°C) Low (-1°C to -14 °C) - - - 

 Medium (0°C to 14°C) 1.5 1.17-1.79 <0.0001 

 High (14+°C) 5.1 4.11-6.25 <0.0001 

Days in Milk Early (0-100 days) - - - 

 Mid (100-200 days) 0.9 0.73-1.08 0.24 

 Late (200+ days) 0.8 0.69-1.04 0.12 
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Figure 2.1: The weekly proportion of first, second, and third and greater parity cows over 52-
weeks.   
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Figure 2.2:  The mean percent prevalence of hock (tarsus) injury scores (0-3), and the mean 
percent of new hock injury (incident) cases, over the course of 12 months. 
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Figure 2.3: The mean percent prevalence of knee (carpus) injury scores (0-3), and the mean 
percent of new knee injury (incident) cases, over the course of 12-months. 
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Figure 2.4: Environment Canada historical temperature data for Fergus, Ontario, Canada, from 
January 2018-Decemeber 2018.  
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3 Understanding the association between hock and knee injuries 
and lameness in dairy cattle  

A.M. Armstrong*, T.F. Duffield*, D.B. Haley*, and D.F. Kelton* 

*Department of Population Medicine, University of Guelph, Guelph 

 

3.1 Abstract 

Injuries and lameness are both prevalent across the dairy industry, however, there is little 

research addressing the potential link between them, and whether one predisposes to the other. 

The majority of lameness studies have focused on hoof lesions and attributed lameness to these 

lesions. Few studies have examined the proportion of lameness that can be attributed to injuries. 

The objectives of this study were to (1) determine the association between mild, moderate and 

severe hock and knee injuries and abnormal locomotion in dairy cattle, and (2) to determine if 

based on the type of hoof lesion present (non-infectious vs. infectious), and the treatment of 

regular hoof trimming, if cases of abnormal locomotion scores change over time to become 

acceptable, and normal locomotion scores. The research was conducted at the University of 

Guelph Dairy Research Centre from November 2017-2018. Working with the hoof trimmer, 

cows between 120-160 DIM, cows entering the lactating herd, and cows being examined as a 

follow-up to a previous lameness intervention were trimmed and scored for the presence of hoof 

lesions. All lactating cattle were scored weekly using the Canadian proAction Animal Care 

Assessment scoring systems for lameness, hock, and knee injuries. Cows with a locomotion 

score= 3 were mildly lame and a score of  ≥4 were lame. A total of 353 cows were enrolled in 

the study; 310 cows were on the regular hoof trimming schedule and 43 cows were follow-up 

lameness interventions. Three random effects logistic regression models were created with the 
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outcome of locomotion score. The cut-off for the outcome changed in each model, where the 

first was locomotion score of 3 only, the second ≥3, and the third ≥4. Overall, cows with both 

knees injured were 2.9 times more likely to have a locomotion score of 3 (out of 5) compared to 

cows without knee injuries (p=0.003, 95% CI:1.4-5.7) after accounting for the presence of hoof 

lesions. Cows with both hocks injured were 3.1 times more likely to have a locomotion score of 

≥4 compared to cows without hock injuries (p=0.05, 95% CI:1.0-10.0) after accounting for hoof 

lesions. A Cox Proportional Hazards model was created to evaluate time to resolution (score of 2 

or 1) of abnormal locomotion. Kaplan Meier graphs suggest that following regular hoof 

trimming it takes approximately 50-days to see improved locomotion scores when hoof lesions 

were present at the time of trimming.   

3.2 Introduction 

Lameness is one of the most important welfare concerns in the dairy industry, affecting 

between 15-55% of lactating cows across North America (von Keyserlingk et al., 2012; Westin 

et al., 2016). Locomotion scores are commonly used as an animal-based measure when assessing 

on-farm lameness, with abnormal locomotion being used as the indicator of lameness (Whay et 

al., 2003; von Keyserlink et al., 2009). Previous research has found that there are many risk 

factors associated with or contributing to lameness, including those related to facility design, on-

farm management, and cow health problems such as hoof lesions.  All of these risk factors 

therefore have the potential to impact the welfare and the longevity of the cow (Whay et al., 

2003; Bicalho et al., 2007; Espejo and Endres, 2007). Traditional lameness research has focused 

on the association between different hoof lesions (infectious vs. non-infectious) and lameness. 

Cramer et al (2008), found that 47% of cows housed in free-stalls had hoof lesions, with 
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infectious lesions being the most common. The presence of hoof lesions is strongly associated 

with the presence of lameness, with hoof lesions being a contributing factor up to 90% of the 

cases (Pacheco et al., 2016). The utilization of locomotion scoring to identify lameness, and hoof 

trimming records to identify hoof lesions, are extremely important tools to tease apart the 

relationships between lameness and hoof lesions.  

Lesions on the hocks and knees of dairy cattle are also a growing concern in the industry.  

The global prevalence of hock injuries ranges from 40-81% (Kielland et al., 2009; von 

Keyserlingk et al., 2012; Chapinal et al., 2014; Zaffino Heyerhoff et al., 2014), while knee lesion  

prevalence has been estimated to range from between 1-43% across North America (von 

Keyserlingk et al., 2012; Zaffino Heyerhoff et al., 2014; Nash et al., 2016). Previous research has 

also found that hock lesions are associated with lameness, however, the strength of the 

association and the potential causal relationship between them remains unclear (Potterton et al, 

2011; Zaffino Heyerhoff et al, 2014). Research by Kester et al (2007) found that severe hock 

lesions, accompanied by swelling or infection, were often associated with some degree of 

lameness, as chronic hock lesions can lead to the development of  arthritis and hygromas, both of 

which can have an impact on the range of motion of the hock joint.  

In the past, codes of practice for the care and handling of dairy cattle, and various on-

farm welfare assessment programs, have been used to help motivate industry stakeholders to 

look at and quantify lameness and injuries on Canadian farms. Recently, Dairy Farmers of 

Canada have developed a national dairy assurance program, proAction (DFC, 2017). There are 

six major components of proAction, with one being Animal Care. Under the Animal Care 

component, Animal Care Assessments (ACAs) are required to take place at least once every 2 
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years on every dairy farm across Canada, starting in September 2017. With the ACAs, producers 

are required to implement corrective action if the proportion of cows exhibiting any of the 

animal-based measures (lameness, poor body condition, and injuries to the hocks, knees, and/or 

necks) exceeds the acceptable threshold level. The acceptable threshold for lameness is 10% of 

cows with moderate or severe lameness within a herd (DFC, 2017). The goal of proAction is to 

decrease the prevalence of unacceptable animal-based measures on all Canadian dairy farms. 

Farms requiring corrective action will also require a follow-up assessment to document 

improvement. A National Dairy Study took place in Canada in 2015. The results from this study 

indicate that nearly 25% of cows in free-stall herds were lame (this estimate included cows with 

mild, moderate or severe lameness), and nearly 35% of cows in tie-stall herds had some degree 

of lameness across Canada (NDS, 2015). Based on these preliminary results, improvements will 

likely be needed for Canadian producers to become compliant with proAction requirements. To 

intervene and decrease the prevalence of on-farm lameness, producers must be provided with 

information on all the potential risk factors that are causally associated with lameness so they can 

understand where, when, and how to appropriately reduce lameness prevalence.  

There is very little research addressing the potential link between hock and knee injuries 

and lameness, with few studies examining the proportion of lameness that can be attributed to 

hock and/or knee injuries. The objectives of this longitudinal, observational study were to (1) 

describe the relationship between mild, moderate, and severe hock and knee injuries and 

lameness in dairy cattle; and (2) to determine if based on the type of hoof lesion present (non-

infectious vs. infectious), and the treatment of regular hoof trimming, if cases of abnormal 

locomotion scores change over time to become acceptable, and normal locomotion scores. We 
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hypothesized that (1) the presence of moderate and severe hock and/or knee injuries will 

negatively impact the locomotion of a cow and cause her to be lame; and (2) that cows with non-

infectious hoof lesions and acceptable injury scores will heal faster in comparison to cows with 

infectious hoof lesions and severe injury scores.  

3.3 Materials and Methods 

3.3.1 Study Design 

All methods were approved by the Animal Care Committee at the University of Guelph 

(AUP 3777). The research was conducted at the University of Guelph Dairy Research Centre, in 

Elora, Ontario, Canada from November 2017-November 2018. Hoof lesion data collection took 

place once monthly, for 12-months, based on the hoof trimming schedule in place at the research 

center. For a cow to be eligible for trimming, they must have been entering a new lactation, 

between 120-160 days in milk (DIM), or in need of a follow-up examination due to a previous 

lameness intervention. The day prior (± 48 hours) to the trimming day, cows were assessed for 

the presence or absence of the following: hock injury (on the lateral and/or point aspect of either 

hock), knee injury, and lameness. Other disease events were extracted from the computerized 

farm record system.  On the day of the trim, the hoof trimmer recorded the presence or absence 

of hoof lesions, the type of lesion (digital dermatitis, white line disease, or sole ulcer), and which 

hoof was affected. If cows were in need of a follow up visit, this was decided by the hoof 

trimmer and the barn staff based on treatments provided, or if no improvements in the gait were 

observed. To capture injury and locomotion data, all lactating dairy cows were scored weekly for 

12-months for the following measures: hock, knee, and neck injuries, body condition, and 

lameness.  
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3.3.2 On-Farm Assessments 

During the weekly herd visits, locomotion and injury scoring were done, and cow-level 

data, including parity, DIM, hoof trimming history and hoof treatments, were extracted from 

herd management software (DairyComp 305). Five observers were trained to identify all animal-

based measures following a previously described training protocol by Gibbons et al. (2012), with 

the goal of achieving a Cohen’s kappa ≥ 0.6 during the training. During the monthly 

assessments, AA was always present.  

3.3.3 Animal-Based Measures 

All animal-based assessments were made following the morning milking, when cows 

were back in their home pens, so that udder fill did not affect their locomotion. Hock and knee 

injuries were scored on a 4-point scale, based on the Canadian proAction ACA scoring system, 

which was adapted from Gibbons et al. (2012). Minor adjustments to the proAction scoring 

system were made for ease of training and data collection. The scoring systems used are 

described in Table 1. Injury assessments were made on both the left and right side of each cow 

and were performed while the cow was standing in a free-stall. Lameness scoring was done on a 

5-point scale, using the system described in Appendix F of the Code of Practice for the Care and 

Handling of Dairy Cattle (NFACC., 2009).  The scoring criteria are presented in Table 2.  

Lameness was scored in the return alley after the morning milking to ensure that time from last 

milking and udder size did not confound the assessment. The alley was always cleared of 

obstructions including other cows, and the manure scraper. Cows were observed for at least four 

strides, in a forward motion, and if a cow turned a corner during the lameness assessment, they 

were followed for another four strides on a straightaway.  
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3.3.4 Data Handling 

All data were entered in Microsoft Excel 2010 (Microsoft Corp.) for Mac, and all 

statistical analyses were performed in Stata15 (StataCorp, College Station, TX). Descriptive 

statistics (mean, SD) were generated to describe the cow characteristics. Cows with incomplete 

injury observations were excluded from the final dataset. For example, if a data was not collected 

on all 4 limbs, if the cow had been moved to a sick pen or culled, they were excluded from the 

final dataset. Calves and young heifers were also excluded from the final data as they were too 

small to be seen by the hoof trimmer.  

3.3.5 Statistical Analysis 

To address the first objective, which was to describe the relationship between mild, 

moderate, and severe hock and knee injuries and lameness in dairy cattle, three random effects 

logistic regression models were built. The experimental unit was the cow, and the outcome of 

interest was whether the cow was lame or not, as per the scoring system described. Cow ID was 

used as a random effect, as some cows were assessed more than once based on the farm’s hoof 

trimming protocol. The first model compared mildly lame cows (score=3) to not lame cows 

(scores of 1 and 2); the second model compared all degrees of lameness (score ≥3) to not lame 

cows (scores of 1 and 2); and the final model compared moderately and severely lame cows  

(score ≥4) to cows that were mildly lame or not lame(scores of 1, 2, and 3).  

To begin, univariable analyses were carried out with each explanatory variable and the 

outcome of interest (lameness). Hoof trimming visits were categorized based on the protocol 

used at the University of Guelph Dairy Research Centre (0-120 DIM, 121-160 DIM, and 160+ 

DIM); hock and knee injuries were both categorized as no injury, 1 hock or knee injured, or both 
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hocks and knees injured; hoof lesions were dichotomized as being present or absent; and parity 

was categorized as 1, 2, 3+ lactations. Any variables associated with lameness (p<0.15) were 

offered to the multivariable model. The model was built using a backwards elimination process, 

starting with the least significant variable being removed, and checking the coefficients for 

confounding as variables were being removed. If the removal of a variable changed the 

coefficient of another variable by more than 30%, was associated with lameness, and was not an 

intervening variable, it was considered to be a confounding variable and was forced into the final 

model.  

3.3.6 Follow-up Previous Lameness Intervention Cows 

To address the second objective, which was to determine, based on the type of hoof 

lesion present (non-infectious vs. infectious), and the treatment of regular hoof trimming, if cases 

of abnormal locomotion scores change over time to become acceptable and normal locomotion 

scores. All cows that were on the previous lameness intervention follow-up hoof trimming 

schedule were eligible for inclusion in a survival analysis. In order to meet the inclusion criteria, 

cows must have had an abnormal locomotion score prior to the trim and been seen by the hoof 

trimmer and diagnosed with the presence or absence of hoof lesions. After being trimmed, cows 

that met the eligibility criteria were followed weekly, for up to 12-months, to determine if their 

locomotion score improved to a normal score of 1 or 2.  

A Cox Proportional Hazards model was fit for time to normal locomotion with parity, 

hoof lesion, hock injury, and knee injury as predictor variables. Parity was categorized as 1, 2, 

3+ lactations; hoof lesions were categorized as absent, non-infectious, and infectious; hock and 

knee injuries were categorized as no injury, 1 hock or knee injured, or both hocks and knees 



 

 

 

 

55 

injured. Cows were censored if they were culled or dried off from the lactating herd prior to the 

study period ending. Descriptive frequencies were assessed at the cow-level. Kaplan Meier 

survival curves were generated based on hoof lesions and locomotion score. The predictive 

ability of the model was calculated using Harrell’s C concordance statistic.   

3.4 Results 

Overall, 353 cows were seen by the hoof trimmer, with 310 on the regular trimming 

schedule, and 43 being on the follow-up previous lameness intervention schedule.  The average 

herd size was 205, and on average cows were seen by the hoof trimmer 1.5 times throughout 

study period. The herd average weekly prevalence of locomotion score of 3 over the course of 

52-weeks was 11% and was 3% for a locomotion score of 4. Figure 1 further illustrates weekly 

prevalence of abnormal locomotion over the course of the 52-week study. 

3.4.1 Regular Hoof Trim Scheduled Cows  

For the analysis aiming to determine the relationship between injuries and abnormal 

locomotion with a score of 3 as an outcome, 305 cows were included. Logistic regression models 

with the outcome of ≥3 and ≥4 locomotion scores had 310 cows. The results of all three models 

are presented in Table 3.  

3.4.2 Locomotion Score of 3 

Cows with both knees injured were 2.9 times more likely to have a locomotion score of 

only 3 compared to cows without knee injuries (p=0.003, 95% CI:1.4-5.7). If non-infectious hoof 

lesions were present, cows were 3.5 times more likely to have abnormal locomotion compared to 

cows without hoof lesions (p=0.01; 95% CI:1.3-9.7). Older parity cows, with 3 or more 
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lactations were 3.4 times more likely to have abnormal locomotion compared to cows with fewer 

lactations (P£0.001; 95% CI: 2.0-.5.9).  

3.4.3  Locomotion Score of ≥3 

Similar results were found with the model outcome being locomotion score of 3+, where 

the presence of both knees being injured resulted in cows being 2.5 times more likely to have 

abnormal locomotion (p=0.008; 95% CI: 1.3-5.0); the presence of non-infectious hoof lesions 

were 3.3 times more likely to result in abnormal locomotion compared to no hoof lesions 

(p=0.02; 95% CI:1.3-8.9); and 3 + parity cows were 3.5 times more likely to have abnormal 

locomotion compared to first parity cows (p=<0.01; 95% CI: 2.1-5.8). Unlike the previous 

model, there was a trend for hock injuries being associated with abnormal locomotion, where 

cows with both hocks injured were 1.6 times more likely to have abnormal locomotion when 

compared to cows with no hock injuries (p=0.06; 95% CI: 1.0-2.9). 

3.4.4 Locomotion Score of ≥4 

When the outcome of the model was a locomotion score of 4, which by definition is a 

cow with an obvious impediment to the gait, the results changed in terms of which leg injury and 

hoof lesions were more strongly associated with lameness. Cows that were injured in both hocks 

were 3.1 times more likely to be considered lame compared to cows that did not have hock 

injuries (p=0.05; 95% CI: 1.0-10.0). When hoof lesions were present, cows with infectious hoof 

lesions were 14.0 times more likely to be considered lame compared to cows without hoof 

lesions (p=0.001; 95% CI: 3.0-67.4). Similar to the previous models, cows with more lactations 

were 3.6 times more likely to be considered lame compared to cows with fewer lactations 

(p=0.02; 95% CI: 1.2-10.4).   
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3.4.5 Lameness Resolution 

The results for the Cox Proportion Hazard model can be found in Table 4, and there were 

no significant or consistent relationships between parity, presence of hock and/or knee injuries, 

and presence of hoof lesions on the time to return to normal locomotion of less than 3. However, 

Figure 2, the Kaplan Meier graph for time to healing illustrates that approximately 50% of cows 

with locomotion scores of 3 returned to normal locomotion, whereas 75% of those with a score 

of 4 returned to normal locomotion. Overall, regardless of initial locomotion score, if locomotion 

is to return to normal it takes approximately 50 days for this to take place. Similar results can be 

seen in Figure 3, where regardless of lesion severity, only 75% of cows return to normal 

locomotion. When comparing the type of the hoof lesion, cows with non-infectious lesions do 

seem to resolve over time compared to infectious hoof lesions, where only 50% of cows returned 

to normal locomotion during the study period. The subset of cows without hoof lesions returned 

to normal locomotion during the study period.  

3.5 Discussion 

3.5.1 Relationship Between Predictor Variables and Abnormal Locomotion Outcomes 

As a condition of the Canadian proAction Animal Care Assessments, cows with 

locomotion scores of 3 are placed into a monitor category, and producers are not required to 

implement a corrective action plan for these cows. Cows with locomotion scores of 4 and 5, are 

deemed unacceptable, and if prevalence exceeds the prescribed threshold, require a corrective 

action plan. These corrective action plans might include implementing a more rigid foot bathing 

or hoof trimming routine. Touissant-Raven et al (1985) reported that the implementation of 

routine hoof trimming can help to prevent subclinical cases of non-infectious hoof lesions from 
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becoming clinical infectious of non-infectious hoof lesions. Most cases of clinical hoof lesions 

are noticed by the dairy producer once the locomotion is obviously impaired and the cow is 

lame. However, a cow may still suffer from a claw disorder prior to a noticeable change in their 

abnormal locomotion being observed (Hedges et al., 2001; Somers et al., 2003). The current 

industry practice is to have hoof trimming occur 2-3 times a year in order to provide cows with 

balanced feet in intensive housing systems (Manske et al., 2002). Researchers have reported that 

when regular hoof trimming occurs (2-3 times a year), both subclinical and clinical cases of claw 

lesions occurred less frequently, and in turn, the prevalence of lameness within herds also 

decreased (Manson and Leaver, 1989; Manske et al., 2002). The results presented here indicate 

that cows with non-infectious hoof lesions were 3.3 and 3.5 times more likely to have abnormal 

locomotion scores of 3 compared to cows without hoof lesions present (p=0.01, 95% CI: 1.3-9.7; 

p=0.02, 95% CI: 1.3-8.9). The most common non-infectious lesions within this herd were sole 

ulcers and white line disease. While ulcers have been found to be painful, they can be treated 

with regular hoof trimming and the application of a block to the unaffected hoof (Shearer, 1997).  

Within our follow-up group of cows, 9 (of 43) were given a block as a treatment. When the 

outcome of the model was a locomotion score of 4 and above, where cows are obviously lame, 

cows with infectious hoof lesions were 14 times more likely to be obviously lame in comparison 

to cows with non-infectious hoof lesions (p=0.001, 95% CI: 3.0-67.4). Digital dermatitis was the 

infectious hoof lesion diagnosed within this herd. Previous research has reported that it is 

painful, contagious, and results in clinical lameness (Read and Walker, 1998). In support of these 

findings, our study also showed that when digital dermatitis was present, cows were found to 

have abnormal locomotion. Table 5 further describes the distribution of locomotion scores for 
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cows with no hoof lesions, non-infectious hoof lesions, and infectious hoof lesions by monthly 

hoof trimmer assessment date. This research also supports the findings that the presence of hoof 

lesions contributes to the presence of abnormal locomotion and lameness cases. However, there 

was a proportion of cows that had abnormal locomotion but did not have hoof lesions present, 

and in this case, injuries to the knees and hocks, as well as parity, contributed to the observed 

abnormal locomotion.  

Cows with both hocks injured were 3.1 times more likely to be lame compared to cows 

without any hock injuries (p=0.05, 95% CI: 1.0-10.0). The presence of hock injuries may lead to 

gait disorders due to the mechanical restriction of the joint flexion, an infection at the site of the 

injury, or pain that is associated with the injury, and therefore, in some herds, the presence of 

hock injuries may directly be responsible for the high levels of impaired locomotion or severe 

lameness observed (Potterton et al., 2011). Rutherford et al., 2008 reported that lame cows were 

more likely to have a swollen hock injury in contrast to non-lame cows. Our findings support this 

claim, in that cows that had abnormal locomotion, but were not obviously lame did not have 

hock injuries contributing to their abnormal locomotion, whereas hock injuries were contributing 

to the obviously lame cows. If cows had both knees injured, they were more than twice as likely 

to have abnormal locomotion scores of 3 and ≥3 compared to cows without knee injuries 

(p=0.003, 95% CI: 1.4-5.7; p=0.008, 95% CI: 1.3-5.0). Interestingly, once the outcome of 

locomotion score was increased to ≥4, where the cows are obviously lame, knee injuries on one 

or both knees no longer contributed to the abnormal locomotion that was observed (p=0.2; p=0.9, 

respectively). An explanation for this could be due to the smaller subset of cows and therefore 

insufficient power.   
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The difference between knee injuries contributing to abnormal locomotion scores of 3 

and hock injuries contributing to locomotion scores of 4 could be due to weight distribution of 

dairy cattle as well as the small subset of cows that had knee injuries. Viewing a cow that is 

standing square from the rear, it can be observed that weight is evenly distributed across all four 

claws: however, when a cow begins moving, the weight distribution fluctuates within and 

between the claws (Shearer, 1997). The hind legs of cows are connected to their pelvis through a 

ball-and-socket joint. The skeletal structure of the hind end is more rigid in terms of support for 

the cow. In contrast, the front end has more flexibility in terms of its anatomical structure and 

soft tissue. The front legs are connected to the torso by tendons and ligaments. The tendons and 

ligaments offer more cushioning and as a result can mask the effects of abnormal weight 

distribution between the front claws and can make detection of abnormal locomotion more 

difficult to decipher (Shearer, 1997). The anatomical differences between the front and hind end 

of cows could help to explain why knee and hock injuries contribute to different locomotion 

abnormalities.  

Regardless of the model outcomes, a parity effect was present in all models. In all three 

models’ cows in their 3rd parity or greater were more than 3 times more likely to have abnormal 

locomotion compared with first parity cows. The higher frequency of abnormal locomotion in 

older cows could be indicative of wear and tear on their hooves (Dohoo et al., 1984; Rowlands et 

al., 1985; Groehn et al., 1992; Alban., 1995). Older parity cows have also been exposed to the 

barn environment for longer periods of time compared to younger lactating cows. The herd in 

this study used rubber as the surface in the alley-ways, along the feed lane, and in the holding 

areas. Previous research has reported that the use of rubber flooring was associated with less 



 

 

 

 

61 

slipping and an increase in the walking pace for cows in comparison to concrete (Telezhenko and 

Bergsten, 2005; Rushen and de Passillé, 2006). Other benefits to rubber in place of concrete have 

included less concussion for cows when walking along with less wear and tear on the hooves 

(Cook and Norlund, 2009). It is important to note that not all rubber is the same and generalizing 

the benefits to its use may not be appropriate. Based on our observations, the use of rubber 

within this herd did not provide more traction for cows when they were walking. When the 

rubber became wet from manure slurry, or from moisture condensation in the warm summer 

months, the surface became extremely slippery, and as a result lead to cows slipping and at times 

falling. Anecdotally, the rubber flooring may have also contributed to the observed abnormal 

locomotion. While the benefits to rubber flooring and the practice of regular hoof trimming may 

head to decrease general wear and tear compared to concrete, future research should explore the 

effect of different types of rubber and the number of slips and falls on locomotion.  

3.5.2 Resolution Time for Abnormal Locomotion 

A small subset of cows (n=48) were within the hoof trimming category of follow-up for 

previous lameness intervention and were eligible for a survival analysis for time to locomotion 

resolution (return to a normal locomotion score). The results from the Cox Proportional Hazards 

model suggest that parity, hock and knee injuries, and hoof lesions were not associated with the 

healing time for abnormal locomotion. Unfortunately, the number of cows available for this 

analysis was small, limiting the statistical power for this analysis. Future research should repeat 

the same methods on a larger sample of cows to determine if the results might change. Although 

the model results were not significant, Figure 2 and 3 demonstrate the difference in healing time 

based on the abnormal locomotion score and the hoof lesion type.  
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The healing time based on locomotion score and regular hoof trimming in Figure 2 

suggests that healing, based on return to normal locomotion, takes about 50 days. It also 

indicates that by 80 days, approximately 75% of cows with a locomotion score of 4 had returned 

to normal locomotion. However, only 60% of cows with a locomotion score of 3 returned to 

normal locomotion, which was surprising. The higher proportion of cows with an initial score of 

4 returning to normal locomotion may be a function of the underlying lesion type, as presented in 

Figure 3, where there is a breakdown of healing time by hoof lesion type. When the healing type 

is broken down by hoof lesion type, healing with infectious and non-infectious hoof lesions is 

seen again within the first 50-days of regular hoof trimming, however, healing time for cows 

without hoof lesions does not begin until around 70-days. Some cows with infectious hoof 

lesions were lost to follow-up and did not make it until the end of the 250 days. This could be 

due to culling within the herd as a result of lameness. For both categories of no hoof lesions and 

non-infectious hoof lesions, only around 75% of the abnormal locomotion is resolved, indicating 

that abnormal locomotion is not just a result of the presence of hoof lesions and can be caused by 

environmental factors. The implementation of regular hoof trimming within this herd could be an 

influential factor in the resolution of hoof lesions, and in turn abnormal locomotion. If a producer 

is to implement a corrective action plan for decreasing the prevalence of lameness in their herd 

applying a routine hoof trimming visit should help to resolve some of the cases that are caused 

by hoof lesions. It is also important that producers pay attention to cows that fall under the 

monitor section of their Animal Care Assessment. While a corrective action plan is not needed 

for these cows, they still have abnormal locomotion, some of which is associated with knee and 

hock injuries. It is therefore important to not only have regular hoof trimming available but to 
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also improve environmental factors that cause the development of knee and hock injuries. 

Hopefully in improving the risk factors associated with knee and hock injuries, the prevalence of 

lameness will also decrease.  

3.6 Conclusions 

The results of this study provide evidence that at least some of the observed lameness 

(abnormal locomotion) may be due to hock or knee injuries, so measures that are implemented to 

mitigate injuries may also help to decrease the prevalence of lameness on Canadian dairy farms. 

In support of previous research, our findings also indicate that hoof lesions, both non-infectious 

and infectious also contributed to the observed abnormal locomotion within the herd. Cows with 

a greater number of parities were at a greater odd of abnormal locomotion compared to younger 

lactation cows due to the exposure time within the environment. The implementation of regular 

hoof trimming for follow-up previous lameness intervention cows helped to resolve cases of 

non-infectious hoof lesions and abnormal locomotion to be a normal, and acceptable locomotion 

score. The development of corrective action plans are important for the resolution of within herd 

lameness, but it is also important for producers to have a plan in place for cows that have 

abnormal locomotion but are not obviously lame.  

3.7 Acknowledgements  

This research was funded by Dairy Farmers of Ontario (Mississauga, ON, Canada), and the 

Ontario Ministry of Agriculture and Rural Affairs (Guelph, ON, Canada). We thank the research 

assistants for their help in collecting the data and the staff at the University of Guelph Dairy 

Research Facility for all of their support and assistance while collecting the data.  



 

 

 

 

64 

3.8 References  

Alban, L. 1995. Lameness in Danish dairy cows: frequency and possible risk factors. Prev. Vet. 
Med. 22:213-225.  

Bicalho, R.C., F. Vokey., H.N. Erb., C.L. Guard. 2007. Visual locomotion scoring in the first 
seventy days in milk: impact on pregnancy and survival. J. Dairy Sci. 90:4586-4591. 

Chapinal, N., Y. Liang., D.M Weary., Y. Wany., M.A.von Keyserlingk. 2014. Risk factors for 
lameness and hock injuries in Holstein herds in China. J. Dairy Sci. 97:4309-4316.  

Cook, N.B., K.V. Nordlund. 2009. The influence of the environment on dairy cow behaviour, 
claw health and herd lameness dynamics. Vet. J. 179:360-369. 

Cramer, G., K.D. Lissemore, C.L. Guard., K.E. Leslie., and D.F. Kelton. 2008. Herd and cow 
level prevalence of foot lesions in Ontario dairy cattle. J. Dairy Sci. 91:3888-3895. 

DFC (Dairy Farmers of Canada). 2017. proAction. 
http://www.dairyfarmers.ca/proaction/resources/animal-care. Accessed April 2nd, 2019.  

Dohoo, I.R., S.W. Martin., I. McMillan., B.W. Kennedy. 1984. Disease, production and culling 
in Holstein-Friesian cows. II. Age, season and size effects. Prev. Vet. Med. 2:655-670.  

Espejo, L.A., and M.I Endres. 2007. Herd-level risk factors for lameness in high-producing 
Holstein cow housed in freestall barns. J. Dairy Sci. 90:306-314. 

Gibbons, J., E. Vasseur., J. Rushen., A.M. de Passillé. 2012. A training programme to ensure 
high repeatability of injury scoring of dairy cows. J. Anim. Welf. 21:379-388. 

Groehn, J.A., J.B. Kaneene., D. Foster. 1992. Risk factors associated with lameness in lactating 
dairy cattle in Michigan. Prev. Vet. Med. 14:77-85.  

Hedges, J. R.W. Blowey., A.J. Packington., C.J. O’Callaghan., L.E. Green. 2001. A longitudinal 
field trial on the effect of biotin on lameness in dairy cattle. J. Dairy Sci. 84:1969-1975.  

Jewell, M.T., M. Cameron., J. Spears., S.L., McKenna., M.S. Cockram., J. Sanchez., and G.P. 
Keefe. 2019. Prevalence of lameness and associated risk factors on dairy farms in the Maritime 
Provinces of Canada. J. Dairy Sci. 102:3392-3405. 

Kester, E., M. Holzhauer., K. Frankena. 2014. A descriptive review of the prevalence and risk 
factors of hock lesions in dairy cows. J. Vet. 202:222-228. 

Kielland, C., L.E. Ruud., A.J. Zanella., O. Østerås. 2009. Prevalence and risk factors for skin 
lesions on legs of dairy cattle housed in freestalls in Norway. J. Dairy Sci. 92:5487-5496. 



 

 

 

 

65 

Manske, T., J. Hultgren., C.Bergsten. 2002. The effect of claw trimming on the hoof health of 
Swedish dairy cattle. Prev. Vet. Med. 54:113-129.  

Manson, F.J., J.D. Leaver. 1989. The effect of concentrate:silage ratio and of hoof trimming on 
lameness in dairy cattle. Anim. Prod. 49:15-22.  

Miguel-pacheco, G.G., H.J. Thomas., H.J. Haler., J. Craigon., and J.N. Huxley. 2016. Effects of 
lameness treatment for claw horn lesions on lying behaviour in dairy cows. J. Applied Animal 
Behaviour Sci. 179:11-16.  

Nash, C.G.R., D.F. Kelton., T.J. DeVries., E. Vasseur., J. Coe., J.C. Zaffino Heyerhoff., V. 
Bouffard., D. Pellerin., J. Rushen., A.M. de Passillé., D. B. Haley. 2016. Prevalence of and risk 
factors for hock and knee injuries on dairy cows in tiestalls housing in Canada. J. Dairy Sci. 
99:6494-9506. 

National Farm Animal Care Council (NFACC). 2009. Appendix F: Gait scoring system for dairy 
cows. http://www.nfacc.ca/codes-of-practice/dairy-cattle/code#appendixf. Accessed April 2, 
2019.  

NDS (National dairy study). 2015. Animal Care. http://www.nationaldairystudy.ca/animal-care. 
Accessed April 14, 2019.  

Potterton, S.L., M.J. Green., J. Harris., K.M. Millar., H.R. Whay., J.N. Huxley. 2011. Risk 
factors associated with hair loss, ulceration, and swelling at the hock in freestall-housed UK 
dairy herds. J. Dairy Sci. 94:2952-2963. 

Read, D.H., R.L. Walker. 1998. Papillomatous digital dermatitis (footwarts) in California dairy 
cattle: clinical and gross pathologic findings. J. Vet. Diagn. Investig. 10:67-77.  

Rowlands, G.J., A.M. Russell., L.A. Williams. 1985. Effects of stage of lactation, month, age, 
origin, and heartgirth on lameness in dairy cattle. Vet. Rec. 117:576-580.  

Rushen, J. A.M. de Passillé. 2006. Effects of roughness and compressibility of flowing on cow 
locomotion. J.Dairy. Sci. 89:2965-2972. 

Rutherford, K. M., F. M. Langford, M. C. Jack, L. Sherwood, A. B. Lawrence, and M. J. 
Haskell. 2008. Hock injury prevalence and associated risk factors on organic and nonorganic 
dairy farms in the United Kingdom. J. Dairy Sci. 91:2265–2274. 

Shearer, J.K. Lameness of dairy cattle: consequences and causes. 1997. Retrieved from the 
University of Minnesota Digital Conservancy, http://hdl.handle.net/11299/118848. 

Somers, J.G.C.J., K. Frankena., E.N.Noordhuizen-Stassen., J.H.M. Metz. 2003. Prevalence of 
claw disorders in Dutch dairy cows exposed to several floor systems.  



 

 

 

 

66 

Telezhenko, E., C. Bergsten. 2005. Influence of floor type on locomotion of dairy cows. Applied. 
Animal. Behav. Sci. 93: 183-197. 

Touissant-Raven, E., R.T. Halstra., D.J. Peterse. 1985. Cattle foot care and claw trimming. 
Farming Press, Ipswich, UK.  

Westin, R., A. Vaughan., A.M. de Passillé., T.J. DeVries., E.A. Pajor., D. Pellerin., J.M. 
Siegford., A. Witaifi., E. Vasseur., and J. Rushen. 2016. Cow- and farm-level risk factors for 
lameness on dairy farms with automated milking systems. J. Dairy Sci. 99:3732-3743. 

Whay, H.R., D.C. Malin., L.E. Green., and A.J. Webster. 2003. Assessment of the welfare of 
dairy cattle using animal-based measurements: Direct observation and investigation of farm 
records. Vet. Rec. 153:197-202. 

Zaffino Heyerhoff, J.C., S.J. LeBlanc., T.J. DeVries., C.G.R. Nash., J. Gibbons., K. Orsel., H.W. 
Barkema., L. Solano., J. Rushen., A.M. de Passillé, and D.B. Haley. 2014. Prevalence of and 
factors associated with hock, knee, and neck injuries on dairy cows in freestall housing in 
Canada. J. Dairy Sci. 97:173-184. 

von Keyserlingk, M.A.G., J. Rushen., A.M. de Passillé., and D.M. Weary. 2009. Improving dairy 
cattle welfare: Key concepts and the role of science. J. Dairy. Sci. 92:4401-4111. 

von Keyserlingk, M.A.G., A. Barrientos., K. Ito., E. Galo., and D.M. Weary. 2012. 
Benchmarking cow comfort on North American freestall dairies: Lameness, leg injuries, lying 
time, facility design, and management for high-producing Holstein dairy cows. J. Dairy. Sci. 
95:7399-7408. 

 

 

 

 



 

 

 

 

67 

Table 3.1: Description of scoring systems used to assess hock and knee injuries based on Gibbons et al. (2012)  

Area of interest Score 0 Score 1 Score 2 Score 3 

Hock (tarsus) No swelling, no hair loss 
No swelling or minor 
swelling (<1 cm), bald area 
less than 25-cent quarter 

Medium swelling (1-2.5 
cm), bald area greater than 
a 25-cent quarter and/or 
lesion  

Major swelling (>2.5 cm), 
bald area greater than 25- 
cent quarter, and/or lesion 

Hock (point) No swelling, no hair loss 

No swelling or minor 
swelling (< 1 cm), bald 
area less than 25-cent 
quarter 

Medium swelling (1-2.5 
cm), bald area greater than 
a 25-cent quarter and/or 
lesion  

Major swelling (>2.5 cm), 
bald area greater than 25- 
cent quarter, and/or lesion 

Knee (carpus) No swelling, no hair loss 
No swelling, bald area less 
than 25-cent quarter 

Swelling (< 2.5 cm) 
and/or bald area greater 
than a 25-cent quarter 
and/or lesion  

Major swelling (≥ 2.5 cm), 
bald area greater than 25- 
cent quarter, and/or lesion 
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Table 3.2: Description of lameness scoring system based on Appendix F of the Code of Practice for the Care and Handling of Dairy 
Cattle (NFACC., 2009). 

Score Description Behavioural Criteria 
 
1 

 
Smooth and fluid movement 

 

• Flat back when standing and walking  
• All legs bear weight equally 
• Joints flex freely 
• Head carriage remains steady as the animal moves 

 
2 

 
Ability to move freely not diminished 

 

• Flat or mildly arched back when standing and walking  
• All legs bear weight equally  
• Joints slightly stiff 
• Head carriage remains steady 

 
3 

 
Capable of locomotion but ability to move 

freely is compromised 
 

• Flat or mildly arched back when standing, but obviously arched when 
walking  

• Slight limp can be discerned in one limb 
• Joints show signs of stiffness but do not impede freedom of movement  
• Head carriage remains steady 

 
 
4 

 
 

Ability to move freely is obviously 
diminished 

 

• Obvious arched back when standing and walking  
• Reluctant to bear weight on at least one limb but still uses that limb in 

locomotion 
• Strides are hesitant and deliberate, and joints are stiff  
• Head bobs slightly as animal moves in accordance with the sore hoof 

making contact with the ground 
 
 
5 

 
 

Ability to move is severely restricted and 
must be vigorously encouraged to stand up 

and/or move 
 

• Extreme arched back when standing and walking 
• Inability to bear weight on one or more limbs 
• Obvious joint stiffness characterized by lack of joint flexion with very 

hesitant and deliberate strides  
• One or more strides obviously shortened  
• Head obviously bobs as sore hoof makes contact with the ground 

 



 

 

 

 

69 

Table 3.3: Factors associated with abnormal locomotion in the final models with binomial distribution and logit function, clustered by 
cow ID, on 310 cows from a herd in Southwestern Ontario, Canada from November 2017-December 2018. 

 Locomotion score of 3 only Locomotion score of ≥3 Locomotion score of ≥4 

Variable n1 Categories 
Odds 
ratio 

95% 
CI 

P-
value  

n Categories 
Odds 
ratio 

95% 
CI 

P-
value  

n Categories 
Odds 
ratio 

95% 
CI 

P-
value  

Hock 
injury 82 No hocks Referent - - 85 No hocks Referent - - 85 No hocks Referent - - 

 14
2 1 hock 1.7 0.9-

3.2 0.1 14
3 1 hock 1.6 0.9-

3.0 0.1 14
3 1 hock 1.2 0.3-

4.6 0.8 

 81 both hocks 1.4 0.8-
2.6 0.3 82 both hocks 1.6 1.0-

2.9 0.06 82 both hocks 3.1 1.0-10 0.05 

Knee 
injury 

25
2 No knees Referent - - 25

6 No knees Referent - - 25
6 No knees Referent - - 

 43 1 knee 0.6 0.3-
1.6 0.3 44 1 knee 0.9 0.4-

1.7 0.7 44 1 knee 1.9 0.7-
5.2. 0.2 

 10 both knees 2.9 1.4-
5.7 0.003 10 both knees 2.5 1.3-

5.0 0.008 10 both knees 1 0.2-
4.4 0.9 

Hoof 
lesion 

29
6 No lesions Referent - - 30

1 No lesions Referent - - 30
1 No lesions Referent - - 

 8 Non-
infectious 3.5 1.3-

9.7 0.01 8 Non-
infectious 3.3 1.3-

8.9 0.02 8 Non-
infectious 2.3 0.5-

11.3 0.3 

 1 Infectious 1 - - 1 Infectious 3 0.7-
13.1 0.1 1 Infectious 14 3.0-

67.4 0.001 

Lactation 14
5 1 Referent - - 14

7 1 Referent - - 14
7 1 Referent - - 

 73 2 1.5 0.8-
2.8 0.2 74 2 1.6 1.0-

2.8 0.07 74 2 2.1 0.7-
6.6 0.2 

 87 3+ 3.4 2.0-
.5.9 

<0.00
1 89 3+ 3.5 2.1-

5.8 <0.01 89 3+ 3.6 1.2-
10.4 0.02 

1The number of cows with a locomotion score of only 3 was 305; 5 cows were excluded from the analysis as they had a locomotion 
score of 4.  
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Table 3.4: Results from the Cox Proportional Hazards model with factors that are known to have a relationship with lameness, on the 
43 cows that were diagnosed as lame based on locomotion scoring and a hoof trimmer assessment from November 2017-December 
2018. 

Variable n Hazard Ratio 95% CI P-value 
Parity         

1 (Referent) 3 - - - 
2 14 0.9 0.05-13 0.9 

3+ 26 0.4 0.03-5.0 0.5 
Hock injury         

No injury (Referent) 8 - - - 
1 hock injured 17 2.3 0.6-9.1 0.2 

Both hocks injured 18 1.5 0.4-6.0 0.6 
Knee injury         

No injury (Referent) 31 - - - 
1 knee injured 7 0.6 0.2-2.2 0.4 

Both knees injured 5 0.2 0.04-1.2 0.08 
Hoof lesions         

Absent (Referent) 34 - - - 
Non-infectious 6 0.6 0.2-1.9 0.3 

Infectious 3 0.5 0.08-2.2 0.3 
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Table 3.5: The distribution of locomotion scores for regular hoof trim scheduled cows with no hoof lesions, non-infectious hoof 
lesions, and infectious hoof lesions, by monthly hoof trimmer assessment date from November 2017-November 2018. 

Hoof trim visit Locomotion score 
Number of cows with no 

hoof lesions 
Number of cows with non-

infectious hoof lesions 
Number of cows with 
infectious hoof lesions 

November 2017 1 4 0 0 
 2 24 0 0 
 3 7 1 0 
 4 0 0 1 

December 2017 1 3 0 0 
 2 16 0 0 
 3 13 0 0 
 4 0 0 0 

January 2018 1 7 0 0 
 2 31 1 2 
 3 6 0 0 
 4 2 0 0 

February 2018 1 7 0 0 
 2 54 0 0 
 3 10 0 0 
 4 2 0 0 

March 2018 1 6 0 0 
 2 34 1 0 
 3 9 0 0 
 4 0 0 0 

April 2018 1 1 0 0 
 2 18 0 0 
 3 5 0 0 
 4 3 0 0 
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May 2018 1 1 0 0 
 2 38 1 0 
 3 2 2 0 
 4 2 0 0 

June 2018 1 0 0 0 
 2 24 1 0 
 3 4 2 0 
 4 2 0 1 

July 2018 1 0 0 0 
 2 38 0 0 
 3 1 0 0 
 4 1 0 0 

August 2018 visit 1 1 0 0 0 
 2 29 0 0 
 3 11 0 0 
 4 1 0 0 

August 2018 visit 2 1 0 0 0 
 2 33 1 0 
 3 6 0 0 
 4 3 1 0 

September 2018 1 0 0 0 
 2 46 1 0 
 3 7 1 0 
 4 2 1 1 

October 2018 1 0 0 0 
 2 40 0 0 
 3 9 0 0 
 4 4 0 0 
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November 2018 1 1 0 0 
 2 34 0 1 
 3 3 0 0 
 4 1 0 0 
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Figure 3.1: The percent prevalence of cows with abnormal locomotion scores of 3 and 4 over 
the course of 12-months.  
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Figure 3.2: Kaplan Meier graph for locomotion score improvement based on abnormal 
locomotion score.   
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Figure 3.3: Kaplan Meier graph for locomotion score improvement based on hoof lesion 
severity. 
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4 A descriptive analysis of the development of hock and knee 
injuries and abnormal locomotion on 41 cows in Southwestern 
Ontario, Canada  

A.M. Armstrong*, T.F. Duffield*, D.B. Haley*, and D.F. Kelton* 

*Department of Population Medicine, University of Guelph, Guelph 

 

4.1 Abstract 

The objective of this longitudinal observational study was to describe the chronological 

development of hock and knee injuries, and abnormal locomotion, in first-lactation animals 

housed in a mattress free-stall barn. The research was conducted at the University of Guelph 

Dairy Research Centre from November 2017-2018. Forty-one first lactation animals, with 

normal locomotion and no injuries on their hocks or knees at the time of transitioning into the 

lactating cow facility, were scored weekly for their gait and for hock and knee injuries using the 

Canadian proAction Animal Care Assessment scoring systems. Working with the hoof trimmer, 

the cows were also hoof trimmed and scored for the presence of hoof lesions. Two types of hock 

and knee injuries were observed to develop, differing in their etiology.  The first developed 

gradually, with injury changes from 0 to 1 to 2, and these animals also developed abnormal 

locomotion gradually and only after the injury appeared. The second type of injury developed 

acutely, with changes from score 0 to 2 or 3 within a one-week interval, in these cases the change 

in locomotion was also more rapid. Overall, 5/41 cows remained uninjured, and more cows 

developed gradual hock and knee injuries, and abnormal locomotion compared to cows that 

developed acute injuries.  For cows that developed gradual lesions, the average number of days 

for right and left hock injuries to change from a score of 0-1 was 38 and 39 days, respectively. 
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The gradual development of right and left knee injuries to go from a score of 0-1 took an average 

of 79 and 70 days, respectively. Ten of the 41 cows gradually developed a locomotion score of 3, 

over an average of 120 days. Eight of the 10 cows developed a hock injury first, and 1 developed 

a knee injury prior to abnormal locomotion.  

Fifteen cows developed acute right hock injury scores of 2, where their scores changed 

from 0-2 at an average of 48 days in the lactating cow facility. Similar results were found on the 

left hock, with scores changing from 0-2 in an average of 50 days for thirteen cows.  Acute cases 

of knee injuries occurred less frequently, and on only 5 cows. Based on these results, a temporal 

relationship appears to exist between hock and knee injuries, and mild lameness. When hock and 

knee injuries developed gradually, abnormal locomotion was observed after a hock and/or knee 

injury had developed. While this research was performed on a small scale, the results are 

important because a temporal relationship suggests that implementing corrective action to 

decrease the prevalence of hock and knee injuries should, in turn, also help to decrease the 

incidence of observed mild cases of lameness. 

4.2 Introduction 

Lameness and injuries to hocks and knees are among the top welfare concerns facing the 

dairy industry today. The prevalence of lameness in Canada ranges from 0-69% in free-stall 

herds (Solano et al., 2015), and 15% in tie-stall herds in Eastern Canada (Jewell et al., 2019). 

Similarly, injuries to the hocks and knees are also prevalent across the Canadian dairy industry, 

with 75% of injuries occurring on hocks and knees in free-stall herds (Zaffino Heyerhoff et al., 

2014), 56% of hocks, and 43% of knees in tie-stall herds (Nash et al., 2016). There are several 

risk factors that are associated with, and contribute to, both lameness and injuries. The current 
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housing systems in place for dairy cattle (tie-stall, free-stall, and bedded-pack), all have a 

significant impact on the welfare of dairy cattle and the prevalence of injuries and lameness 

(Barberg et al., 2007). Bare concrete flooring, uncomfortable stalls, or both have been associated 

with an increased risk of injury (e.g., hock, knee). Concrete flooring has, in various studies, been 

identified as a risk factor for lameness, as many housing systems have cattle stand on bare 

concrete, and this has been associated with hoof lesion development that can then cause 

lameness (Wells et al., 1999; Somers et al., 2003;2005). All types of injuries are more commonly 

seen in confinement housing systems in comparison to cattle that have access to pasture and are 

also more commonly seen during winter months where cattle within Canada are housed indoors 

(Rutherford et al., 2008; Armstrong et al., 2020).  

The environments in which we house dairy cattle play a significant role in the 

development of leg injuries. One of the more influential places is the stall. If the dimensions of 

the stall are too small, the restricted lying space can lead to cows coming into contact with the 

stall partitions when moving between standing and lying bouts. Researchers have stated that an 

association could exist between the frequency of a cow coming into contact with stall partitions 

having an increased chance of injury development (Zurbrigg et al., 2005; Kielland et al., 2009). 

Several aspects of the stall environment can affect the prevalence of injuries such as the stall 

base; the type of bedding placed on the base such as mattresses, sand, straw, or sawdust; and the 

depth of the bedding. Together, all of these components that make up the stall environment and 

can impact the development of injuries (Lim et al., 2015). Lower levels of leg injuries have been 

reported in free-stall barns that use mattresses or deep bedded sand rather than hard rubber mats 

as their stall base (Livesey et al., 2002; Norring et al., 2008; Husfeldt and Endres, 2012; Zaffino 
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Heyerhoff et al., 2014). The use of mattresses with very little bedding is a risk factor for the 

development of hock injuries, due to the the abrasive surface of a rubber mattress (Zaffino 

Heyerhoff et al., 2014). The odds of cows developing hock and knee injuries decreases in 

systems with deep bedding in stalls such as straw, sawdust, and sand, as the depth of the bedding 

provides a softer surface for the cows to lie on (Weary and Taszkum, 2000; Zaffino Heyerhoff et 

al., 2014). A deep bedded system has a softer surface compared to mattress, rubber, or concrete, 

and this could allow for the surface to form around the cow rather than be an abrasive point of 

contact (Haley et al., 2000; Weary and Taszkum, 2000; Kielland et al., 2009; Lombard et al., 

2010; Potterton et al., 2011; Zaffino Heyerhoff et al., 2014). It has also been reported that when 

cows are housed on mattresses and not deep bedding, there is a higher prevalence of lameness 

(Cook et al., 2004; Ito et al., 2010; Solano et al., 2015; Nash et al., 2016). Stocking density, 

social interactions, parity and milk production, season, and hoof trimming schedules have all 

been associated with the presence or absence of lameness and injuries (Rutherford et al., 2009). 

The development and underlying etiology of leg injuries and lameness all differ from one 

another and therefore it cannot be assumed that the development of a leg injury or lameness is 

linear or for common reasons among groups of cattle. 

Previous research has focused on the prevalence and associated risk factors for either the 

development of hock and knee injuries (e.g. Zaffino Heyerhoff et al., 2014; Nash et al., 2016), or 

lameness (e.g. Cook et al., 2009), however, there is little research addressing the potential link 

between them, and whether one predisposes to the other. The objective of this longitudinal, 

observational study was to describe the temporal relationship between the development of 

hock/knee injuries and abnormal locomotion in first lactation cows. There are two types of 
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injuries that exist, acute injuries that occur due to a traumatic event, and chronic injuries that are 

due to friction that occurs when cows are transitioning between standing and lying in their stall 

environment (Armstrong et al., 2020). We hypothesized that (1) injuries to the hocks and knees 

develop slowly and gradually, with transitions from a score of 0-1-2, over time, and that 

developing abnormal locomotion with these chronic injuries was also gradual and occurred after 

an injury; and (2) some injuries develop acutely, with score transitions from 0-2 or 0-3, and that 

abnormal locomotion would appear at or shortly after the injury.  

4.3 Materials and Methods  

All methods were approved by the Animal Care Committee at the University of Guelph 

(AUP 3777). The research was conducted at the University of Guelph Dairy Research Centre, in 

Elora, Ontario, Canada from November 2017-November 2018. All cows were housed in a free-

stall barn with rubber crumb filled mattresses as the stall base and fine chopped straw as the 

bedding type. The housing for heifers at the facility was the same, with similar stall 

configurations, stall base, and bedding type. Cows were housed in groups of 30, across 7 pens. 

Grooved rubber was used in the alley-ways and cross-overs in the pens, and down the center 

aisle where cows walked to access the milking parlour.  

Data collection took place weekly for locomotion and injury scoring on all lactating cows 

for 52 weeks. 

 Hock and knee injuries were scored based on the Canadian proAction Animal Care 

Assessment scoring system, which was adapted by Gibbons et al., 2012. Assessments were made 

of the lateral and posterior aspects of the hock (tarsus), and the knee (carpus). Both right and left 
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hocks and knees were assessed. Minor adjustments were made to the 4-point scale in order to 

ascribe more details to the observations and to allow for more clear documentation of the 

observed changes in the lesions over time. Hock and knee injuries with scores of 0 had no 

swelling or hair loss present; scores of 1 had no swelling or minor swelling, as well as a bald area 

less than the diameter of a twenty-five cent quarter, which was chosen as it was something the 

observers were very comfortable visualizing and helped to increase the consistency of scores; 

scores of 2 had medium swelling, a bald area greater than a twenty-five cent quarter and/or a 

lesion; scores of 3 had major swelling, a bald area greater than a twenty-five cent quarter, and/or 

a lesion present. As per proAction, scores of 0-1 were deemed to be acceptable, and scores of 2-3 

are unacceptable.  

Locomotion scoring was done on a 5-point scale, using the system described in Appendix 

F of the Code of Practice for the Care and Handling of Dairy Cattle (NFACC, 2009), where 

scores of 1 and 2 were smooth and fluid, and the ability to move freely was not diminished; a 

score of 3 was when the ability to move freely was compromised but cows were still capable of 

locomotion; and a score of 4 was when the ability to move freely was obviously compromised. 

Scores of 5, where the cow is unable to stand up and/or move were not seen in this herd. 

Locomotion scoring was always done in the return alley after the morning milking to ensure that 

time from last milking and udder size did not confound the assessment. The alley was always 

clear of obstructions, including other cows, and the manure scraper. Cows were observed for at 

least four strides, in a forward motion, and if a cow turned the corner during the lameness 

assessment, they were followed for another four strides on a straightaway.   
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In addition to the weekly scoring, the hoof trimmer was scheduled to visit the Dairy 

Research Centre once a month, and therefore, additional scoring for injuries and locomotion took 

place once monthly, for 12-months, based on the hoof trimming schedule. The day before (+/- 48 

hours) to the trimming day, cows were assessed for the presence of absence of the following: 

hock injury, knee injury, and abnormal locomotion. In order to account for observer effect, on 

the data collection day, AA was blinded to where the cows fell on the hoof trimming schedule 

and did not know if a cow was on the list due to a pre-existing lameness event. On the day of the 

trim, the hoof trimmer recorded the presence or absence of hoof lesions, the type of lesion 

(digital dermatitis, white line disease, or sole ulcer), and which hoof was affected.  

All first lactation cows that did not have a hock and/or knee injury, and had normal 

locomotion, prior to first calving, were followed and scored once weekly for hock injury, knee 

injury and locomotion after calving and entering the lactating herd. The weekly data collection 

was used to determine the number of days and order at which the injuries and/or abnormal 

locomotion were developing. For the purposes of this study, only time to first event was recorded 

in the analysis.  

 All data were entered into Microsoft Excel 2010 (Microsoft Corp.) for Mac, and all 

statistical analyses were performed in Stata15 (StataCorp, College Station, TX). Two cows with 

incomplete injury observations were excluded from the final dataset. Time to development was 

calculated based on when a cow entered her lactation and her weekly injury and lameness scores 

that followed until a score of 1, 2, or 3 was recorded for hock and knee injuries, or a score of 3 or 

4 was recorded for locomotion. Descriptive statistics (mean, SD) were generated to describe the 

time to development characteristics.  
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4.4 Results and Discussion 

Forty-one cows transitioned into their first lactation without the presence of hock and knee 

injuries, and with normal locomotion, and were eligible to be included in the study. Table 1 

summarizes the cow-level changes by days in the lactating facility to the development of right 

and left hock and knee injuries, and for development of abnormal locomotion. Two types of hock 

and knee injuries were observed to develop, differing in their etiology.  The first developed 

gradually, with injury changes from 0 to 1 to 2, over time, which are likely the result of friction 

with the mattresses, and these animals also developed abnormal locomotion gradually and only 

after the injury appeared. The second type of injury developed acutely, with changes from score 

0 to 2 or 3 within a one-week interval and were more likely the result of a traumatic event, such 

as banging the hock and/or knee on the stall partitions or slipping and falling.  In these cases, the 

change in locomotion was also more rapid. This table indicates that overall, hock and knee 

injuries developed prior to abnormal locomotion. At a high level, gradual injury development 

was more common. Ten cows gradually developed an abnormal locomotion score of 3; 8 of these 

cows developed a hock injury first, and 1 developed a knee injury prior to abnormal locomotion. 

The remaining cow which developed an abnormal locomotion score of 3 had no hock and knee 

injuries at that time. One cow developed a locomotion score of 4, on the same day that she 

developed a severe hock injury (score of 3). Previous research has found that cows typically 

spend the same amount of time lying on their right and left sides (Forsberg et al., 2008), and 

therefore we were interested in determining if hock and/or knee injuries developed at the same 

time on both sides.  
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The summary statistics for time to develop gradual injury and/or abnormal locomotion 

are presented in Table 2. The average number of days for right and left hock injuries to change 

from a score of 0-1 was 38 and 39 days, respectively. Following the gradual development, it took 

an average of 26 and 48 days for right and left hock injuries to change from a score of 1-2, and 

an average of 59 days for a change from 2-3. The time for right and left knee injuries to go from 

a score of 0-1 took an average of 79 and 70 days, respectively. On average, a change in knee 

injury scores from 1-2 took an average of 48 and 54 days after developing a score of 1. Ten of 

the 41 cows gradually developed a locomotion score of 3, over an average of 120 days.  

Summary statistics for cows that developed acute hock and/or knee injuries are presented 

in Table 3. Fifteen cows developed acute right hock injury scores of 2, where their scores 

changed from 0-2, on average, 48 days after moving into the lactating cow facility. Similar 

results were found for the left hock, with scores changing from 0-2 in an average of 50 days for 

thirteen cows.  Three cows’ hock scores changed from 1-3, over an average of 28 days for two 

cows, and 7 days for the third. Acute cases of knee injuries occurred less frequently, and on 5/41 

cows. Similar to with hock injuries, the average number of days for right and left knee injury 

scores to change from 0-2 was 49 and 59 days, respectively. One cow acutely developed a 

locomotion score of 4 at 40 days, after developing a hock injury score of 3.  

The development of more severe injuries could be a result of other external factors such 

as stocking density and the flooring type used at the Dairy Research Centre. The pens were at 

100% capacity, based on the number of stalls,  and as a result more competition for certain stalls 

or places at the feedbunk space could lead to a higher frequency of displacements, which has 

been reported to be associated with an increased risk of injury development (Rutherford et al., 
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2008). The holding pen for the milking parlour held 30 cows at once, therefore increasing the 

chances of a cow coming into contact with metal partitions and/or a cow kicking. Depending on 

whether a hock and/or knee injury already existed, this contact could increase their risk of 

developing one, or increase the odds of one becoming more severe, such as a cut or a case of 

acute swelling developing (Rutherford et al., 2008). Grooved rubber flooring was the surface in 

the alley-ways, along the feed lane, and in the holding areas at the study site. The use of rubber 

flooring has been associated with less slipping and an increase in walking pace for cows in 

comparison to concrete, which is most commonly used (Telezhenko and Bergsten, 2005; Rushen 

and de Passillé, 2006). In 2009, Cook and Norlund reported additional benefits of rubber flooring 

to include less impact for cows when walking which resulted in less wear and tear on hooves. 

That being said, not all rubber is the same, and generalizing its benefits may not be appropriate. 

Based on our time at the Dairy Research Centre, the use of the rubber mats within this herd did 

not provide more traction to the cows when they were walking. When the rubber became wet 

from manure slurry, or from moisture condensation in the warm summer months, the surface 

because extremely slippery, which resulted in some cows slipping, and at times, falling. The use 

of rubber mats could have contributed to the observed abnormal locomotion.  

None of the cows developed knee injury scores of 3. Similar to with hock injuries, it was 

assumed that the development of knee injuries would also be gradual, however, 5/41 cows 

developed acute knee injuries at an average of 54 days. Zaffino Heyerhoff et al. (2014) found 

that the associations of stall bases were opposite for hock and knee injuries. When comparing the 

use of mattresses and concrete stall bases, the odds of hock injuries developing decreased 

whereas the odds of knee injury development increased, suggesting that hock and knee injuries 
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develop differently from each other. They suggested that hock injuries are more likely to form 

due to the abrasive surface of a stall base and floor whereas knee injuries are more likely to form 

due to the impact and contact with the stall base and flooring during standing and lying bouts. 

Therefore, the acute cases of knee injuries that were observed could be due to the lying and 

standing behaviours that were performed. 

Table 1 illustrates that 22% of the cows developed a mild form of lameness (score 3). 

The transition period is an important time of risk due to the changes in the housing 

environments, social dynamics, and physiological changes (Tarlton et al., 2002; Bergsten et al., 

2015). The weight of a cow fluctuates frequently throughout their lactation and dry period, 

therefore having a routine hoof trimming schedule is important to ensure that anatomical 

deformities are not occurring, and weight is shared evenly on all four hooves (Stokka et al., 

1997). The research facility where the data were collected had a thorough hoof trimming routine 

and all cows were trimmed prior to entering their first lactation. None of the cows developed 

hoof lesions in the 120-days when most of the injury and abnormal locomotion developed. Table 

1 illustrates that 10 of the cows developed a mild form of lameness during their first lactation, 

with an average time of development being 126 days (described in Table 2). If a cow becomes 

lame in the first lactation, the hazard of development in the second lactation is doubled (Hirst et 

al., 2002). Based on Table 1, by the time a cow developed signs of abnormal locomotion, they 

had already developed injuries to their hocks and/or knees. Therefore, it can be assumed that the 

development of mild lameness could be attributed to the injuries on the hocks and knees. Table 1 

also reports that cow 34 developed a right hock injury score of 3 and acutely jumped from a 

normal locomotion score of 2 to a score of 4, indicating that she was lame. A potential 
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explanation for this could that the severe hock injury caused pain or discomfort to the cow, 

which in turn compromised her gait.  

 This longitudinal study was conducted on a small sample of cows in a single herd and 

therefore future research should look into repeating similar methods on a larger scale to 

determine if similar results are found. Future research could further describe the development of 

injuries in terms of when they appear, if the regress, and if so, do they reappear. While this 

research was done on a small scale, the results are important because if a temporal relationship 

exists, then implementing corrective action to decrease the prevalence of hock and knee injuries 

should in turn also decrease the prevalence of observed mild lameness cases.  
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Table 4.1: Cow-level data for the number of days to first injury development for right and left hock and knee injuries, and for 
abnormal locomotion on 41 first lactation cows on a free-stall herd in southwestern Ontario, Canada.   

 The number of days to develop a hock and/or knee injury and abnormal locomotion  

Cow 

Right 
hock 
score 

1 

Right 
hock 
score 

2 

Right 
hock 
score 

3 

Left 
hock 
score 

1 

Left 
hock 
score 

2 

Left 
hock 
score 

3 

Right 
knee 
score 

1 

Right 
knee 
score 

2 

Right 
knee 
score 

3 

Left 
knee 
score 

1 

Left 
knee 

score 2 

Left 
knee 

score 3 
Locomotion 

score 3 
Locomotion 

score 4 
1 - 35 - - 154 - - - - - - - - - 
2 - 56 - - 42 - 147 189 - 133 189 - 196 - 
3 - 117 - 84 140 - 146 - - - 105 - 294 - 
4 - 28 - 28 42 - 63 - - 154 224 - 196 - 
5 - 119 - 119 147 - 203 - - 133 - - 154 - 
6 - 49 - 49 63 - - - - 105 - - - - 
7 61 84 - - 61 - 126 - - - 61 - 140 - 
8 - 28 - - 35 - - - - - - - - - 
9 63 98 - 28 56 - 139 - - 139 - - - - 
10 14 42 63 - 35 - 55 63 - 63 77 - - - 
11 - 28 - 63 119 - 21 - - 21 77 - - - 
12 42 70 - 14 63 - 224 - - 63 - - 56 - 
13 - 49 - - 42 - - 49 - 217 - - - - 
14 - 7 105 - 14 - 28 56 - - 56 - 126 - 
15 - 70 - - 84 - 63 175 - 42 140 - 98 - 
16 84 - - - - - - - - - - - 14 - 
17 28 70 - 28 63 - - - - 14 - - - - 
18 28 - - - 42 - - - - - - - - - 
19 28 - 35 6 35 - 35 - - 6 35 - - - 
20 14 21 - 21 28 - - - - 28 - - - - 
21 - - - - 71 - - - - 49 - - - - 
22 - - - 28 - - - - - - - - - - 
23 - 64 - 29 64 - - - - 8 - - 36 - 
24 - - - - - - - - - - - - - - 
25 - 35 - 21 35 28 13 - - - - - - - 
26 - - - - - - 14 - - 42 - - - - 
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27 - - - - - - - - - - 7 - - - 
28 56 84 - 56 84 - - - - - - - - - 
29 56 63 - 50 - - - - - - - - - - 
30 42 - - - 21 - 21 - - - - - - - 
31 8 - - - 8 - - - - - - - - - 
32 - 7 - 42 70 - - - - - - - - - 
33 21 40 - 7 - - 40 - - 40 - - - - 
34 - 21 40 - - - 21 - - 21 - - - 40 
35 - - - - - - - - - - - - - - 
36 - - - 36 - - - - - 49 - - - - 
37 - - - - - - - - - - - - - - 
38 - - - - - - - - - - - - - - 
39 22 - - - - - - - - - - - - - 
40 - - - - 43 - 56 56 - - - - - - 
41 - - - - - - - - - - - - - - 
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Table 4.2: Summary statistics for the time to development of gradual right and left hock and knee injuries, and for abnormal 
locomotion on 41 first lactation cows in a free-stall herd in southwestern Ontario, Canada.   

Variable 
Injury score 

change N n 
Percent 
injured 

Minimum 
number of 

days in facility 
before injury 

Maximum 
number of 

days in facility 
before injury 

Average 
number 

of days in 
facility 
before 
injury 

Median 
number 

of days in 
facility 
before 
injury 

Standard 
Deviation 

Right hock injury 0-1 41 15 37 8 84 38 28 22 
 1-2 41 8 20 7 42 26 28 10 
 2-3 41 2 5 19 98 59 59 56 

Left hock injury  0-1 41 18 44 6 119 39 29 28 
 1-2 41 14 34 7 56 30 28 15 
 2-3 41 - - - - - - - 

Right knee injury 0-1 41 18 44 13 224 79 56 79 
 1-2 41 4 10 8 112 48 35 48 
 2-3 41 - - - - - - - 

Left knee injury 0-1 41 19 46 6 217 70 49 59 
 1-2 41 6 15 14 98 54 56 30 
 2-3 41 - - - - - - - 

Abnormal 
locomotion 

 
2-3 41 10 27 14 294 120 126 

 
89 

 3-4 41 - - - - - - - 
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Table 4.3: Summary statistics on the time to development of acute right and left hock and knee injuries, and abnormal locomotion on 
41 first lactation cows in a free-stall herd in southwestern Ontario, Canada.   

Variable 

Injury 
score 

change N n 
Percent 
injured 

Minimum 
number of days 
in facility before 

injury 

Maximum 
number of days 

in facility 
before injury 

Average 
number 
of days 

in 
facility 
before 
injury 

Median 
number 

of days in 
facility 
before 
injury 

Standard 
Deviation 

Right hock injury 0-2 41 15 37 7 119 48 35 34 

 0-3 41 - - - - - - - 

 1-3 41 2 5 7 49 28 28 30 
Left hock injury  0-2 41 13 32 8 154 50 42 38 

 0-3 41 - - - - - - - 

 1-3 41 1 2 7 7 7 7 - 
Right knee injury 0-2 41 1 2 49 49 49 49 49 

 0-3 41 - - - - - - - 

 1-3 41 - - - - - - - 
Left knee injury 0-2 41 4 10 7 105 57 59 40 

 0-3 41 - - - - - - - 

 1-3 41 - - - - - - - 
Abnormal 

locomotion 2-4 41 1 2 40 40 40 40 - 
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5 Hock and knee injury healing through a facility transition on 
dairy cattle in Canada  

A.M. Armstrong*, T.F. Duffield*, D.B. Haley*, and D.F. Kelton* 

*Department of Population Medicine, University of Guelph, Guelph 

5.1 Abstract  

Hock and knee injuries are prevalent across the dairy industry, with recent benchmarking 

in North America indicating that cows managed in intensive systems are at a higher risk for 

injury development. It is unknown whether hock and knee injuries heal, based on descriptions of 

severity and complexity, or how long the healing process might take. The objective of this 

longitudinal observational study was to determine whether hock and knee injuries heal or 

improve over time through facility transitions into more ‘cow friendly’ housing environments, 

and, if so, how long this healing process takes. Fourteen commercial dairy farms were enrolled, 5 

in Ontario and 9 in Nova Scotia, based on housing type and cow housing transitions made on the 

farm. The transitions were to facilities with mattresses, sand, pack or pasture cow resting areas. 

Mattresses were considered the least ‘hock friendly’. A total of 598 cows were assessed for the 

presence of hock and knee injuries using the Canadian proAction Animal Care Assessment 4-

point scoring system. Cows were scored prior to moving to the new facility, and then scored 

weekly for 14 weeks in their new housing environment. Across 13 herds, 283 cows transitioned 

with a hock injury score of 2 (moderate injury) and 28 transitioned with a hock injury score of 3 

(severe injury). Across 3 herds, 73 cows transitioned with a knee injury score of 2 (moderate 

injury). Cows that started their facility transitions with a leg injury (hock and/or knee) score of 2 

or 3 were included in the survival analysis for time to healing. Overall, 100% of cows that 
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transitioned with knee scores of 2 healed, 77% of cows with hock injury scores of 2 healed, but 

only 36% of cows with a hock score of 3 healed. Three Cox Proportional Hazards models were 

fit for hock injury score of 2 healing, hock injury score of 3 healing, and knee injury score of 2 

healing. Stall base, lactation, and days in milk at the time of scoring were included as covariates 

in the models. Compared to mattresses, cows that transitioned with a hock injury score of 2 

healed 3.0 times faster on sand (P£0.001; 95% CI: 1.78-3.80), 2.2 times faster on a bedded pack 

(p=0.001; 95% CI: 1.40-3.44), 7.2 times faster on pasture (P£0.001; 95% CI: 4.08-12.62), and 

2.0 times faster on deep bedding (p=0.08, 95% CI: 0.93-2.92).  Cows with fewer lactations 

healed faster compared to cows with 3+ lactations (p=0.04; 95% CI: 1.0-1.8). Little to no healing 

took place on cows that transitioned with a hock injury score of 3. Cows that transitioned with 

knee injury scores of 2 did not show significant differences in whether they healed based on their 

housing environments, however, all score 2 knee injuries were healed by 60 days after the move, 

whether the move was to mattresses, bedded packs, or sand environments.  The results of this 

study indicate that leg injuries heal differently based on their severity and housing environment. 

These results provide the dairy industry with information on what housing environments are best 

for resolution of leg injuries, as well as realistic timelines for improvements to occur.  

5.2 Introduction 

The welfare of dairy cattle has become an area of increasing concern for dairy producers, 

the dairy industry, and consumers. Lesions to the tarsal joint (hock), and the carpal joint (knee) 

are a growing welfare concern and are commonly found across the dairy industry. On average, 

the herd-level prevalence of leg injuries ranges from 23-73% both in Canada and internationally 

(Veissier et al., 2004; Lombard et al., 2010; von Keyserlingk et al., 2012; Zaffino Heyerhoff et 
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al., 2014; Jewell et al., 2019). Animal-based factors that have commonly been associated with 

hock and knee injuries are high number of parities (Kielland et al., 2009; Potterton et al., 2011; 

Zaffino Heyerhoff et al., 2014; Nash et al., 2016; Jewell et al., 2019), stage of lactation (Kielland 

et al., 2009; Zaffino Heyerhoff et al., 2014; Nash et al., 2016; Jewell et al., 2019), and body 

condition score (Busato et al., 2000; Lim et al., 2015; Jewell et al., 2019). Several environmental 

factors have been associated with the prevalence of hock and knee injuries such as a hard stall 

base (Livesey et al., 2002; Rushen et al., 2007), including the use of mattresses as the main stall 

base (Weary and Taszkun, 2000; Jewell et al., 2019), the type and amount of bedding provided 

(Kielland et al., 2009; Potterton et al., 2011; Jewell et al., 2019), and the stall dimensions (Keil et 

al., 2006; Zaffino Heyerhoff et al., 2014; Nash et al., 2016). The presence and severity of hock 

and knee injuries are a direct reflection of how the cow is living and interacting within her 

environment. Lombard et al., 2010 reported that cows housed in barns with dirt or sand-based 

stalls had fewer hock injuries compared to cows housed on mattresses. Environments such as 

concrete, or mattresses as the stall base, have been associated with the development of hock and 

knee injuries (Weary and Taszkun, 2000; Jewell et al., 2019).  Efforts to reduce the prevalence of 

hock and knee injuries in Canada have included the publication of a comprehensive Code of 

Practice for the Care and Handling of Dairy Cattle (NFACC, 2009), and the development of a 

national dairy quality assurance program called proAction (DFC, 2017).  

At a high level, proAction aims to promote continuous improvements in all aspects of the 

Canadian dairy industry. The program has six major themes in milk quality, food safety, animal 

care, biosecurity, livestock traceability, and environmental sustainability. The Animal Care 

element was implemented in September 2017. As part of the Animal Care program, all dairy 
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producers in Canada are required to have Animal Care Assessments (ACAs) done on their farms. 

The ACA uses management-, resource-, and animal-based measures to assess whether producers 

are compliant with the standards set out by proAction. The animal-based measures are performed 

on a random sample of the lactating herd, where visual observations are conducted, and scores 

are provided for injuries to the hock, knee, and neck, as well as BCS and lameness scores.  

Producers are required to document and implement corrective action plans if the proportion of 

animals with ‘unacceptable’ scores in each category of animal-based measures exceed the 

threshold levels set out by proAction (DFC, 2017). The acceptable target threshold level for BCS 

is ≥95% and the target thresholds for hock, knee, and neck injuries and lameness are ≥90% 

(DFC, 2017). Corrective action plans must be documented and assessed at their subsequent 

ACA, in two-years’ time.  However, the provincial milk boards can make decisions to require 

follow-up assessments with producers sooner, to ensure that corrective action is taking place.  

There is a gap in the current hock and knee injury literature regarding healing, and how 

long the healing process may take. For producers to show consistent improvements in their 

ACAs, we must first understand if these injuries heal, what improvements can be made to 

promote healing, and how long this healing process takes. Once this is understood, the dairy 

industry can provide realistic, and achievable timelines for producers to help them to 

demonstrate consistent improvements in their ACA scores.   

The first objective of our longitudinal observational study was to determine whether hock 

and knee injuries heal or improve over time through facility transitions from mattress 

environments into environments such as deep bedded sand or pasture, which have been 

associated with a lower prevalence of injuries (Rutherford et al., 2008; Lombard et al., 2010) 
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and, to determine how long this healing process takes. The a priori hypothesis was that cows 

transitioned into more ‘cow friendly’ environments, such as deep bedded sand, pasture, or packs, 

were going to heal faster compared to cows that transitioned into less ‘cow friendly’ 

environments (e.g. mattresses). The second objective was to determine whether cows with severe 

hock and knee injuries would heal in any environmental transition. The hypothesis was that 

regardless of the facility transition, once a cow had a severe hock or knee injury, healing would 

not occur.  

5.3 Materials and Methods  

5.3.1 Herd Selection 

All methods for the observational study were approved by the Animal Care Committee at 

the University of Guelph (AUP 3777). Fifteen commercial dairy herds were conveniently 

selected based on housing type, and facility transitions. A pilot study farm was enrolled in South-

Western Ontario from May 2017-July 2017. The fourteen remaining farms were enrolled from 

April 2018-January 2019. Ten of the commercial farms were located in central Nova Scotia, 

Canada, and five were located in Southwestern Ontario, Canada.  

Local veterinarians were contacted through email with a one-page description of the 

study and asked to help with identifying study herds. If producers housed their heifers or dry 

cows in different housing environments such as deep bedded sand, packs, or pasture compared to 

their lactating cows, or, if producers were building a new facility and adding sand, a pack, or 

deep bedding to their stalls, they were eligible to participate in the research. Veterinarians 

provided the researchers with contact information for the producers. The first farm visit was 

intended to introduce the producer to the research team and explain the research project, and 
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subsequent farm visits occurred if the producer agreed to participate. All fourteen herds were 

willing to participate following the first visit.  Table 1 describes the type of transitions made, 

housing type information, the number of cows that made each transition, and the number of cows 

that healed through their transition, during the study period.  

5.3.2 Injury Assessment 

Hock and knee injuries were scored using the Canadian proAction Animal Care 

Assessment scoring system, which was adapted by Gibbons et al., 2012. Assessments were made 

of the lateral and aspect of the hock (tarsus), and the knee (carpus). Both right and left hocks and 

knees were assessed. Minor adjustments were made to the 4-point scale in order to provide more 

details to the observations and to allow for more clear documentation of the observed changes in 

the lesions over time. Hock and knee injuries with scores of 0 had no swelling or hair loss 

present; scores of 1 had no swelling or minor swelling, as well as a bald area less than the 

diameter of a twenty-five cent quarter (2.4 cm), which was chosen as it was something the 

observers were very comfortable visualizing and helped to increase the consistency of scores; 

scores of 2 had medium swelling, a bald area greater than a twenty-five cent quarter and/or a 

lesion; scores of 3 had major swelling, a bald area greater than a twenty-five cent quarter, and/or 

a lesion present. As per proAction, scores of 0-1 were deemed to be acceptable, and scores of 2-3 

are unacceptable. 

The assessments were done weekly, for fifteen weeks. The assessment conducted in the 

first week (timepoint zero) was the baseline assessment in the old pre-transition housing 

environment. The subsequent 14 weeks were done in the new housing environment. The injuries 

were scored where it was easiest to see and did not interfere with normal farm activities, with 
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some performed in the barn or pasture, and others in the milking parlour. Once a cow improved 

to an ‘acceptable’ score (0-1), she was assessed for two more weeks and then was no longer 

followed in the study period.  

Four observers participated in the scoring of hock injuries. The observers underwent 

training with the primary author and repeatability of each observer was assessed as described in 

Gibbons et al. (2012). As data were collected in two provinces, the repeatability of observers was 

assessed using a gold standard. As the scoring system was based on the proAction ACAs, this 

was used as the gold standard for the data that was collected in another province.  

5.3.3 Environmental Measures 

Environmental measurements were made and recorded for attributes previously described 

in the literature as being associated with hock and/or knee injuries or believed to be potentially 

associated with those injuries based on biological plausibility. In freestall facilities, stall width, 

stall length, curb to brisket, rear curb width, neck rail to curb, rear divider to curb, brisket locator 

height, lower loop height, interior loop diameter, neck rail height, obstruction height, brisket loop 

angle, curb height, divider type, and bedding type were all assessed using the Freestall Assessor 

App from the University of Wisconsin (Board of Regents of the University of Wisconsin 

System, 2013). In tie stall facilities, stall width, stall length, divider type, tie-rail height, manger 

curb height, manger curb width, manger curb material, chain length, water bowl location, stall 

surface, bedding type, and width of the gutter were all assessed based on previous literature 

(Nash et al., 2016). 
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5.3.4 Data Handling 

All data were entered in Microsoft Excel 2010 (Microsoft Corp.) for Mac, and all 

statistical analyses were performed in Stata 15 (StataCorp, College Station, TX). Descriptive 

statistics (mean, SD) were used to describe cow characteristics. Cows with incomplete 

assessments were excluded from the data.   

5.3.5 Statistical Analysis 

Three survival analyses were conducted with the experimental unit being the cow. The 

eligibility criterion for the first analysis was that the cows must have started the transition into 

the new environment with a hock injury score of 2. The outcome of interest for the first analysis 

was hock injury healing, more specifically, the time for a hock injury score of 2, with medium 

swelling and/or a lesion present that required corrective action, to become a hock injury score of 

0 or 1. The eligibility criterion for the second analysis was that the cows must have started the 

transition into the new environment with a hock injury score of 3. The outcome of interest for the 

second analysis was also hock injury healing, however, in this analysis the outcome was defined 

as time to heal for hock injury scores of 3, with major swelling and/or a lesion present that 

required corrective action, to become a hock injury score of 0 or 1. The eligibility criterion for 

the third analysis was that cows must have started the transition into the new environment with a 

knee injury score of 2. The outcome of interest for the third analysis was knee injury healing, 

more specifically, the time for a knee injury score of 2, with medium swelling and/or a lesion 

present that required corrective action, to become a knee injury score of 0 or 1.  

Three Cox proportional hazards models were fit using Stata 15 (StataCorp, College 

Station, TX); two for hock injury healing, and one for knee injury healing with stall base, parity, 
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and days in milk (DIM) as predictors. The inclusion of only these factors was done a priori to see 

the effect of environmental change on healing time. Cows were censored if they were culled or if 

they were dried off and moved to a separate facility, whichever occurred first, if at all during the 

study period.  

Stall base was categorized as follows: mattress(referent), sand, pack, pasture, and deep 

bedded; parity was categorized as 1 (referent), 2, 3, 4+ parities; and DIM was categorized as dry 

(referent), early lactation (0-100 DIM), mid-lactation (100-200 DIM), and late lactation (200+ 

DIM). Cow ID was included as a repeated measure as cows may have been injured on both the 

right and left hocks and knees, and therefore potentially had more than one healing time. 

Standard errors were adjusted for clustering on cow ID and allowed for intragroup correlation. 

Observations were independent across cows (clusters) but not within each other. Descriptive 

frequencies were assessed at the group-level and at the cow-level. Kaplan Meier survival curves 

were generated in all models for based on stall base.  

The overall fit of the model was assessed graphically using Cox-Snell residuals. 

Martingale and Deviance residuals were used to assess covariate patterns and potential outliers. 

The predictive ability of the model was calculated using Harrell’s C concordance statistic.   

5.4 Results 

The total number of cows that were assessed through the facility transitions on the 

fourteen herds was 598. The overall baseline prevalence of hock injuries across the fourteen 

herds prior to transition was 51%; 37% of the cows had a hock injury score of 2 and 14% of 

cows had a hock injury score of 3. Three percent of cows had knee injuries across 3 herds. 
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As seen in Table 1, 219/283 (77%) of cows that transitioned with a hock score of 2 

healed; 10/28 (36%) of cows that transitioned with a hock score of 3 healed; and 73/73 (100%) 

of cows that transitioned with a knee score of 2 healed. No cows had a knee injury score of 3. Of 

the transitioned cows, sand bedding occurred frequently (3 herds; n=193) and was recorded as a 

bedding type and stall base, and therefore was included as a category for stall base. Deep 

bedding occurred less frequently (1 herd; n=54) but was included as a stall base to investigate the 

difference between a mattress with very little bedding to a mattress with deep bedding. It was 

defined as a stall with a bedding keeper, where the mattress was not visible at any visit due to the 

amount of bedding on the stalls.  

5.4.1 Hock Injuries 

One farm was excluded from the first analysis as they did not have any cows with a 

baseline hock injury score of 2. Another farm was excluded from the second analysis as they did 

not have cows with a baseline hock injury score of 3. A total of 415 hocks entered the facility 

transitions with an injury score of 2, which represented 285 cows, because some cows had 

injuries on both hocks. A total of 42 hocks had an injury scores of 3, which represented 28 cows 

that were included in the second model.  

 

5.4.2 Knee Injuries 

Only three farms had knee injuries recorded and were included in the analysis for time to 

healing.  The average herd size was 85 milking cows at the time of the initial visit, and the first 

assessment visit. Of the three farms, sand bedding, new mattresses, and packs were the three stall 
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bases observed, and were included as categories for the predictor variable stall base. However, 

stall base is confounded with herd for this outcome.  A total of 108 observations were assessed 

during the study period for knee injury scores of 2, however, some cows were injured on both the 

right and left knee, and once this was accounted for, there were 81 cows that were observed, with 

73 of those cows having complete farm records available. No cows transitioned with a knee 

injury score of 3.  

5.4.3 Factors Associated with Hock and Knee Injury Healing 

Tables 2 and 3 contain the results of the analyses of the relationship between the 

predictor variables and healing time of hock injuries with a score of 2 and 3, respectively. Based 

on Table 2, where compared to mattresses, cows that transitioned to deep sand healed 3.0 times 

faster (P£0.001, 95% CI: 1.78-3.80); cows that transitioned to a bedded pack system healed 2.2 

times faster (p=0.001; 95% CI: 1.40-3.44); cows that transitioned to pasture healed 7.2 times 

faster (P£0.001; 95% CI: 4.08-12.62); and cows that transitioned to the deep bedded system 

healing 2.0 times faster (p=0.08; 95% CI: 0.93-2.92). A small proportion of cows transitioned 

with a hock injury score of 3 and as a result the transitions did not have an effect on healing time. 

Table 4 shows the results of the analysis of the relationship between the predictor variables and 

knee injury healing. The transitions to different environments did not have an effect on healing 

time for knee injuries.  

The Kaplan Meier survival curves are presented in Figure 1 for hock injury scores of 2 

healing, Figure 2 for hock injury scores of 3 healing, and Figure 3 for knee injury healing. Based 

on Figure 1, within the first two weeks post-transition, a significant amount of healing took 
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place. The remainder of the twelve weeks show that environments such as sand and pasture 

promote the most healing, with around 90% of the cows on pasture healing, and 100% of the 

cows on sand healing. Figure 2 shows a similar trend where in the first two weeks post-transition 

a small amount of healing took place, but over the remaining 12 weeks, very little, if any healing 

took place. As seen in Figure 3, within the first 20 days post-transition, around 25% of healing 

took place for knee injuries. Over the 70 days, all knee injuries healed, including those on the 

new mattresses.  

5.5 Discussion 

5.5.1 Hock Injury Healing  

The overall prevalence of hock injuries across the thirteen herds prior to transition (45%) 

was similar to previously reported Canadian studies (47%, Zaffino Heyerhoff et al., 2014; 

56.3%, Nash et al., 2016; 39.3% in tie stall herds and 38.7% in freestall herds, Jewell et al., 

2019).  Of the cows with hock injuries, 24% of them were injured on both hocks, which is 

similar to the 20% reported by Zaffino Heyerhoff et al. (2014). Due to the prevalence of injuries 

on both hocks, it has been recommended that when performing Animal Care Assessments, both 

the right and left side of the cow should be scored (Zaffino Heyerhoff et al., 2014). Recent 

benchmarking in North America reported that dairy cattle managed in intensive systems are at a 

significantly increased risk for the development of leg injuries (von Keyserlingk et al., 2012).  

Leg injuries are more commonly seen in confinement housing compared to pasture-based 

systems, and if cattle are provided with access to pasture, the odds of developing leg injuries are 

lower (Rutherford et al., 2008; Regula et a., 2004). The results of this research support these 

previous findings. When comparing dairy cattle with hock injury scores of 2 that transitioned to 
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pasture or sand, more healing took place compared to cows that were transitioned to mattresses. 

One herd in our study transitioned cows to a deep bedded system and while there was not a 

statistical difference in the healing time, the Kaplan Meir plot (Figure 1) suggests that after 60 

days in the deep bedding, around 75% of the cows healed. The implications of the above 

information are that if producers provide cows with a deep bedded system, sand, or pasture, 

healing takes place. Figure 1 also suggests that when cows were transitioned onto new 

mattresses, only 50% of the cows healed. All cows healed after transitioning to pasture or sand-

based systems. These results are supported by previous findings that stall environments (bases 

and bedding) are one of the most influential places for injury development. The use of mattresses 

with very little bedding can increase the risk of hock injury development due the abrasive nature 

of the rubber mattress (Zaffino Heyerhoff et al., 2014). Systems with deep bedding in stalls such 

as straw, sawdust, and sand, decrease the odds of cows developing hock and knee injuries as the 

depth provides a softer surface for the cows (Weary and Taszkum, 2000; Zaffino Heyerhoff et 

al., 2014). This could be due to the softer surface being able to form around the cow in 

comparison to the firmer stall bases such as mattresses, rubber, or concrete (Haley et al., 2000; 

Weary and Taszkum, 2000; Kielland et al., 2009; Lombard et al., 2010; Potterton et al., 2011; 

Zaffino Heyerhoff et al., 2014). In order for resolution to occur, cows must be moved into an 

environment that will promote healing, with deep bedding and/or pasture access. If a producer is 

required to implement corrective action plans due to the results of their Animal Care 

Assessment, actions such as providing deeper bedding on top of mattresses or allowing access to 

pasture may help promote hock injury healing and decrease the prevalence of injuries within 60 

days. Previous research has found that the odds of leg injuries are lower in younger cows 
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compared to older cows, and this could be due to the length of physical exposure time in the 

physical environments (Haskell et al., 2006; Kielland et al., 2009; Zaffino Heyerhoff et al., 

2014). The results in Table 2 are similar in that cows with 2 or fewer lactations had a greater 

chance of healing compared to cows with 3+ lactations (p=0.04; 95% CI: 1.0-1.8). This greater 

chance of healing could be due to the injuries in younger cows being less severe in terms of 

swelling and skin abrasions compared to older lactation cows.  

A small proportion of cows transitioned with a hock injury score of 3 (n=28), however, 

based on the results gleaned from this study, very little, if any healing took place, regardless of 

the housing environment that those cows were transitioned to. Currently we do not know what 

the general causes may be for these severe injuries. We do not know if these more severe injuries 

are caused by something within the housing environment or if there are underlying internal 

problems within the cow such as an infection of the joint. Future fundamental research is needed 

to investigate the underlying causes of these more severe hock injuries in order to help prevent 

and also resolve them once they occur.   

5.5.2 Knee Injury Healing  

A small proportion of cows transitioned with a knee injury score of 2 (n=73). Overall, the 

prevalence of knee injuries across the three herds was 11%, and this result is slightly lower than 

previous findings of knee injury prevalence ranging from 14-24% (Zaffino Heyerhoff et la., 

2014; Jewell et al., 2019). Previous research has suggested that the development of hock and 

knee injuries are similar to one another where they are developed as a result of the stall 

environment, and a softer surface with deep bedding decreases the odds of leg injury 

development (Haley et al., 2000; Weary and Taszkum, 2000; Kielland et al., 2009; Lombard et 
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al., 2010; Potterton et al., 2011; Zaffino Heyerhoff et al., 2014). However, Zaffino Heyerhoff et 

al., 2014 found that the associations of stall bases were opposite for hock and knee injuries. 

When comparing the use of mattresses and concrete stall bases, the odds of hock injury 

development decreased whereas the odds of knee injury development increased, suggesting that 

hock and knee injuries develop differently from each other. They suggested that hock injuries 

were perhaps more likely to form due to the abrasive surface of a stall base and floor, whereas 

knee injuries may be more likely to form due to the impact and contact with the stall base and 

flooring during postural changes between standing and lying. The results for knee injury healing 

can be seen in Table 4 and Figure 3. There were only 3 stall bases represented in this sample and 

they are mattresses, sand, and pasture, corresponding to three different farms. Figure 3 depicts 

the time to healing in days for knee injuries and it shows that regardless of the stall base, 100% 

healing did take place, even at the herd with cows on the mattress system. The mattresses that the 

cows transitioned onto were new mattresses and likely provided more cushion on the knees as a 

cow is lying down compared to older mattresses. Anecdotally, it was noted that excess amounts 

of bedding were usually kept at the front of the stalls, and this could also impact the development 

and healing of knee injuries due to the increased amount of padding while the cows’ transition 

from standing to lying. There were similar findings in terms of lactation number and healing for 

knee injuries as with the hock injuries in this study and results from previous research. There was 

a protective effect for cows with 4+ lactations, where their chance of healing was 0.3 (p=0.004; 

95% CI: 0.1-0.7) times less than that of cows with fewer lactations. Previous research has 

reported similar findings that cows with more lactations have been exposed to the stall 
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environment for a longer period of time compared to fewer lactation cows (Haskell et al., 2006; 

Kielland et al., 2009; Zaffino Heyerhoff et al., 2014).  

There were limitations that existed within this study that future work should address. 

There was a geographical limitation in selecting producers to work with. A logistical limit was 

that researchers could not travel more than 3 hours to obtain their data in both provinces. As a 

result, all farms selected in Nova Scotia were clients to a single veterinary clinic. Farms in 

Ontario were all within a 3-hour radius of the University of Guelph. Due to the timeline of the 

project the data could only be collected from April 2018 to the end of January 2019, and as a 

result some farms could not participate due to their personal timelines for retrofitting or building 

new facilities. Due to this research being novel, several factors were left out of the analysis as we 

were primarily interested in hypothesis testing stall base and its association with injury healing. 

Future research could repeat the methodologies used here on a larger scale with more farms 

across a greater area and investigate other stall and environmental factors beyond stall base.  

5.6 Conclusions 

This study found that healing of hock injuries depends on their severity and the cows’ 

housing environment. Cows that transitioned to mattresses showed less healing compared to 

those transitioned to sand and pasture. Cows with chronic and major swelling did not show signs 

of healing, regardless of their housing environment. These results provide the dairy industry with 

information on which hock and knee injuries can heal and how long this healing process may 

take in different environments. This research also provides baseline information for the 

development and implementation of corrective action plans for producers. These results can help 
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to develop corrective action plans that have realistic timelines and expectations regarding 

improvements.  
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Table 5.1: Overview of transitions made, housing information, and the number injured/uninjured cows that made the housing 
transitions. 

Herd Type of 
Transition 

Pre-transition 
housing 

New 
housing 

Total 
Number 
of Cows 

Number (%) 
of cows that 
transitioned 
with a hock 
score of 2 

Number 
(%) of 
hock 

scores of 2 
that 

healed 

Number (%) of 
cows that 

transitioned 
with a hock 
score of 3 

Number 
(%) of 
hock 

scores of 3 
that 

healed 

Number (%) of 
cows that 

transitioned 
with a knee 
score of 2 

Number 
(%) of knee 
scores of 2 
that healed 

1 New build Free stall with 
waterbeds 

Deep 
bedded 
sand 

51 18 (35) 15 (83) 1 (2) 0 (0) 0 (0) 0 (0) 

1 Barn 
movement 

Free stall with 
waterbeds 

Straw 
packs 9 2 (22) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

2 Barn 
movement 

Pack with 
pasture access 

Tie stall 
with 
mattresses 
and 
sawdust 

9 1 (11) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

2 Barn 
movement 

Tie stall with 
mattresses and 
sawdust 

Pasture 2 0 (0) 0 (0) 1 (50) 0 (0) 0 (0) 0 (0) 

31 New build 
Free stall with 
mattresses and 
sawdust 

Free stall 
with 80% 
new 
mattresses 
and 
sawdust 

15 6 (40) 1 (17) 4 (27) 1 (25) 0 (0) 0 (0) 

32 Barn 
movement Bedded pack 

Compost 
bedded 
pack 

30 10 (33) 6 (60) 0 (0) 0 (0) 0 (0) 0 (0) 

43 Barn 
movement 

Free stall with 
mattresses/deep 
bedded 

Pack with 
pasture 
access 

1 1 (100) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 
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5 Barn 
movement 

Free stall with 
mattresses and 
pasture access 

Free stall 
with 
mattresses 

10 3 (30) 1 (33) 2 (20) 1 (50) 0 (0) 0 (0) 

5 Barn 
movement 

Free stall with 
mattresses 

Free stall 
with 
mattresses 
and pasture 
access 

4 1 (25) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

64 Barn 
movement 

Free stall with 
mattresses and 
recycled dust 

Pack 1 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 0 (0) 

7 Barn 
movement 

Tie stall with 
mattress and 
straw 

Pasture 38 13 (34) 10 (77) 1 (3) 0 (0) 0 (0) 0 (0) 

85 New build Tie stall with 
mattresses 

Free stall 
with deep 
bedded 
sand 

6 1 (17) 1 (100) 1 (17) 0 (0) 0 (0) 0 (0) 

85 Barn 
movement 

Tie stall with 
mattresses Pasture 17 6 (35) 6 (100) 1 (6) 1 (100) 0 (0) 0 (0) 

95 Barn 
movement 

Tie stall with 
mattresses Pasture 15 5 (33) 4 (80) 3 (20) 1 (33) 0 (0) 0 (0) 

10 Barn 
movement 

Free stall with 
mattresses and 
sawdust 

Free stall 
with deep 
bedded 
sand 

136 86 (63) 76 (88) 6 (4) 2 (33) 56 (41) 56 (100) 

11 New build 
Tie stall with 
mattress and 
chopped straw 

Free stall 
with 
mattresses 

75 33 (44) 20 (61) 3 (4) 0 (0) 14 (19) 14 (100) 

126 Barn 
movement 

Free stall with 
mattresses 

Free stall 
with 
mattresses 
and deep 
bedding 

54 36 (67) 26 (72) 1 (2) 1 (100) 3 (6) 3 (100) 
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13 New build 
Free stall with 
mattresses and 
sawdust 

Compost 
bedded 
pack 

31 23 (74) 23 (100) 1 (3) 1 (100) 0 (0) 0 (0) 

14 Barn 
movement 

Tie stall with 
mattresses and 
chopped straw 

Pasture 94 38 (40) 29 (76) 2 (2) 2 (100) 0 (0) 0 (0) 

Total  14     598 283 (37) 219 (77) 28 (14) 10 (36) 73 (3) 73 (100) 
1Herd 3 replaced approximately 80% of their mattresses, this was treated as a new build move 
2After cleaning the compost pack in spring, fresh bedding was added but not tilled. Tilling of the pack to start the composting process 
was treated as a barn movement. 
3This herd did not have any cows with a hock injury score of 3 and was excluded from that survival analysis 
4This herd did not have any cows with a hock injury score of 2 and was excluded from that survival analysis  
5Herds 8 and 9, milked cows 2x in a tie stall barn 
6Herd 12 transitioned to a freestall barn with new mattresses 
*Cows with knee injuries were also injured on their hocks 
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Table 5.2: Results for model 1, the healing of hock injuries with scores of 2, across thirteen herds (eight in Nova Scotia; five in 
Ontario), clustered by 283 cows from May 2017-January 2019. 

Variable 
N (group-

level 
observations) 

n (cow-level 
observations) Hazard ratio Robust Standard 

Errors P-value 95% CI 

Pen Base       
Mattress (referent) 126 85 - - - - 

Sand  157 101 2.6 0.5 <0.001 1.8-3.8 
Pack  74 52 2.1 0.5 0.001 1.4-3.3 

Pasture 41 31 7.1 2 <0.001 4.0-12.4 
Deep bedded  21 14 1.6 0.5 0.1 0.9-3.0 

Parity       

1 (referent) 136 98 - - - - 
2 92 64 1.3 0.2 0.04 1-1.8 
3 94 59 0.9 0.1 0.6 0.6-1.3 

4+  93 62 0.7 0.2 0.1 0.5-1.1 
Days in Milk        

Dry (referent) 74 48 - - - - 
Early (1-100 DIM) 95 61 1.6 0.4 0.04 1.0-2.5 

Mid (100-200 DIM) 91 65 1.7 0.4 0.04 1.0-2.8 
Late (200+ DIM) 159 109 1.7 0.4 0.01 1.1-2.6 
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Table 5.3: Results for model 2, the healing of hock injuries with scores of 3, across thirteen herds (eight in Nova Scotia; five in 
Ontario), clustered by 283 cows from May 2017-January 2019. 

Variable N (group-level 
observations) 

n (cow-level 
observations) 

Hazard 
ratio 

Robust Standard 
Errors P-value 95% CI 

Pen base       

Mattress (referent)  19 12 - - - - 
Sand  10 7 0.2 0.1 0.012 0.04-0.7 
Pack 2 2 1.20x1018 0 0 0 

Pasture 10 7 0.5 0.5 0.4 0.06-3.4 
Deep bedded 0 0 0 0 0 0 

Parity       

1 (referent)  6 4 - - - - 
2 10 4 0.04 0.06 0.02 0.003-0.06 
3 15 9 0.03 0.005 <0.001 0.0001-0.06 

4+  11 7 0.009 0.01 <0.001 0.0007-1.1 
Days in Milk        

Dry (referent)  8 5 - - - - 
Early (1-100) 5 3 3 2.8 0.2 0.5-19.0 

Mid (100-200) 10 6 17.4 15.3 0.001 3.1-98.0 
Late (200+) 19 14 0.4 0.3 0.3 0.08-1.9 
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Table 5.4: Results for model 3, the healing of knee injuries with scores of 2, across three herds in Ontario, clustered by 73 cows from 
May 2017-January 2019. 

Variable 
N (group-

level 
observations) 

n (cow-level 
observations) Hazard ratio Robust Standard 

Errors P-value 95% CI 

Pen Base       
Herd 1 [Mattress (referent)] 29 16 - - - - 

Herd 2 (Sand) 64 47 0.9 0.3 0.8 0.5-1.9 
Herd 3 (Pack)  15 10 0.8 0.3 0.6 0.4-1.8 

Pasture - - - - - - 
Deep bedded  - - - - - - 

Parity       

1 (referent) 29 20 - - - - 
2 24 16 0.6 0.2 0.2 0.3-1.3 
3 32 23 0.9 0.3 0.8 0.5-1.6 

4+  23 14 0.3 0.1 0.004 0.1-0.7 
Days in Milk        

Dry (referent) 21 14 - - - - 
Early (1-100 DIM) 43 29 1.3 0.6 0.6 0.5-3.4 

Mid (100-200 DIM) 18 11 1.7 0.9 0.3 0.6-4.7 
Late (200+ DIM) 26 19 1.7 0.9 0.3 0.6-4.7 
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Figure 5.1: Kaplan Meier graph of hock injuries with a score of 2 healing, in days, based on stall 
base.  
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Figure 5.2: Kaplan Meier graph of hock injuries with a score of 3 healing, in days, based on stall 
base. 
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Figure 5.3: Kaplan Meier graph of knee injuries with a score of 2 healing, in days, based on stall 
base/herd.  
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6 Ontario proAction Animal Care Assessment results and the 
association between hock and knee injuries and abnormal 
locomotion on Ontario dairy herds  

A.M. Armstrong*, S. Roche., T.F. Duffield*, D.B. Haley*, and D.F. Kelton* 

*Department of Population Medicine, University of Guelph, Guelph 

 

6.1 Abstract 

Dairy Farmers of Canada have established a national assurance program called 

proAction. As part of the animal care component of this program, all dairy farms in Canada are 

required to have an Animal Care Assessment (ACA) performed on their farm. The ACA uses an 

evaluation of animal-based measures to determine whether producers are compliant with the 

standards of the program. Abnormal locomotion, as well as injuries to hocks and knees, are 

assessed, which are among the top welfare concerns facing the dairy industry today. There is 

very little research addressing the potential link between leg injuries and lameness, and whether 

one predisposes to the other. Further, few studies have assessed the proportion of lameness that 

can be attributed to hock and knee injuries.  The objectives of this cross-sectional study were to 

(1) provide a descriptive summary of the proAction ACA results for hock and knee injuries, and 

locomotion scores, on dairy farms in Ontario, Canada; and (2) to describe the relationship 

between hock and knee injuries and abnormal locomotion from a subset of free-stall and tie-stall 

Ontario dairy farms. Results of the proAction ACAs for approximately two thirds (2,677) of 

Ontario dairy farms were matched, where possible, with cow inventory records accessed through 

Lactanet. The final dataset included 1,609 farms, with 531 being free-stall herds, and 1,078 being 

tie-stall herds. The total number of matched cow ID’s through Lactanet was 27,387; 10,157 of 
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these cows were from free-stall herds and 16,431 were from tie-stall herds. Four logistic 

regression models were created, each with a different cut-point. Overall, regardless of barn type, 

hock and knee injuries were associated with abnormal locomotion. In free-stall herds, cows with 

hock injury scores of 2 and 3 (on a 0-3 scale with 0 being no injury and 3 being severe) were 

2.73 and 5.01 times more likely to be considered lame compared to cows without hock injuries 

(scores of 0 and 1) (P£0.001, 95% CI: 2.20-3.39; P£0.001, 95%CI: 3.31-7.60), respectively. In 

tie-stall herds, cows having a hock injury score of 2 and 3 were 3.29 and 5.58 times more likely 

to be lame compared to uninjured cows (P£0.001, 95%CI: 2.78-3.91; P£0.001, 95%CI: 4.07-

7.64, respectively). In free-stall herds, cows with a knee injury score of 2 were 2.01 times more 

likely to be lame compared to cows without knee injuries (P£0.001, 95%CI: 1.43-2.83). In tie-

stall herds cows with a knee injury score of 2 were 1.97 times more likely to be lame compared 

to cows without knee injuries (P£0.001, 95% CI: 1.52-2.56). The results of this study provide 

evidence that at least some of the observed lameness (or abnormal locomotion) in Ontario may 

be as a result of hock or knee injuries.  

6.2 Introduction 

Abnormal locomotion, hock injuries and knee injuries are among the top welfare 

concerns facing the dairy industry today. The prevalence of abnormal locomotion in Canada 

ranges from 0-69% in free-stall and tie-stall herds (Solano et al., 2015; Jewell et al., 2019a). 

Similarly, injuries to the hocks and knees are also prevalent across Canada with 75% of injuries 

occurring at the hock and knee in free-stall herds (Zaffino Heyerhoff et al., 2014), and 56% 

prevalence of hock injuries and 43% prevalence of knee injuries in tie-stall herds (Nash et al., 

2016). A correlation between hock injuries and abnormal locomotion has been reported, 
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however, the strength of this relationship, and the potential causal relationship between injuries 

and abnormal locomotion remains unclear (Potterton et al, 2011; Zaffino Heyerhoff et al, 2014). 

Globally, efforts have been made to reduce the prevalence of injuries and abnormal 

locomotion. The Dairy Farmers of Canada have established a national dairy quality assurance 

program called proAction (https://www.dairyfarmers.ca/proaction). At a higher level, proAction 

aims to promote continuous improvements in all aspects of the dairy industry. The program has 

requirements for food safety (under the Canadian Quality Milk Program), animal care, 

biosecurity, livestock traceability, and environmental sustainability. The Animal Care element 

has been implemented across Canada since September 2017 and is based on the Code of Practice 

for the Care and Handling of Dairy Cattle (NFACC, 2009).  The requirements of the Animal 

Care module are that cattle must be provided with comfortable housing; they must have adequate 

access to feed and water; the staff at the barns must have sufficient training and communication; 

there must be proper animal health management in terms of prompt medical care and pain 

management for cattle that need it; and finally proper handling techniques, such as calm and 

quiet handling for everyday work as well as for having a protocol in place for the assessment of 

fitness for transportation for the shipping cattle (DFC, 2017).  

All dairy farms in Canada are required to have an Animal Care Assessment (ACA) done 

on their farm at least once every 2 years. The ACA uses management-, resource-, and animal-

based standards. Producers will be required to document and implement corrective action plans 

for any animal-based measures (moderate or severe lameness, body conditions scores ≤2, and 

injures (hock, knee, and neck)) that exceed the program thresholds and fall into a category 
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labelled as ‘requires corrective action’ (DFC, 2017). The initial target levels for hock, knee, and 

neck injuries and lameness were ≤10% of animals lame, or injured (DFC, 2017).  

Currently, estimates for the prevalence of injuries and abnormal locomotion exist within 

Ontario, however, they based on data from a limited number of herds.  Having access to the 

ACA data provided a much larger sample size for more accurate assessments of the prevalence 

of injuries and abnormal locomotion. In addition, it is currently unclear in the literature whether 

there is a potential link between hock and knee injuries and abnormal locomotion. The objectives 

of this cross-sectional study were to (1) provide a descriptive summary of the proAction ACA 

results for hock and knee injuries, and locomotion scores on dairy farms in Ontario, Canada; and 

(2) to describe the relationship between hock and knee injuries, and abnormal locomotion, on a 

subset of free-stall and tie-stall Ontario dairy farms.   

6.3 Materials and Methods  

6.3.1 On-Farm Assessments 

This study is based on an industry data set, where on-farm assessments took place from 

January 2017- October 2018.  Twenty-one third-party assessors were trained on the qualification 

criteria set out by Dairy Farmers of Canada and the provincial milk boards and performed all of 

the on-farm assessments (DFC, 2017). Assessments were done on all three of the following 

categories: animal-, resource-, and management-based measures. This study is reporting the 

findings of the animal-based measures.  
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6.3.2 Animal-Based Measures 

All animal-based measures were collected following the protocols set out in the 

proAction Farmer Reference Manual, and are described below (DFC, 2017). A random sample 

of cows on each farm were selected for all animal-based measures in each herd following 

prescribed protocols, and the same cows were used for the assessment of all measures. Only 

healthy cows in the milking herd (lactating and dry) were eligible for assessment. Dry cows that 

were housed on a different site, or that were inaccessible at the time of the assessment were 

excluded. All cows were randomly selected, and if the cattle were distributed amongst different 

pens, a proportionate sample was required from each pen (# of animals per pen/ herd size * 

sample size= the number of animals that should be assessed in each pen) (DFC, 2017). Cattle 

that were housed in sick pens were not assessed, as the producers were already taking corrective 

action for those cows.  

Hock and knee injuries were scored on a 4-point scale; scores of 0 had no swelling or hair 

loss present; scores of 1 had no swelling or minor swelling (<1 cm), as well as a bald area on the 

hock and/or knee; scores of 2 had medium swelling (1-2.5 cm) and/or a lesion on a bald area of 

the hock and/or knee; scores of 3 had major swelling (>2.5 cm) and may have a bald area or 

lesion (DFC, 2017). Based on the terminology of the ACA program, scores of 0 and 1 were 

deemed ‘acceptable’ and scores of 2 and 3 were deemed to ‘require corrective action’.  

Locomotion scoring was done differently based on barn type (loose housing, or tie-stall). 

For the purposes of this research, the outcome of interest for the statistical analyses was 

locomotion score, more specifically, abnormal locomotion, which will henceforth be referred to 

as lameness.  
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In free-stall or bedded pack barns, a suitable location was found to perform the gait 

scoring. The surface was required to be smooth and flat, and areas with slatted concrete floors or 

slopped flooring was avoided. Cows were observed for a minimum of two strides, however, 

observing for four strides was preferred. If the cow was urinating or defecating scoring did not 

take place. Locomotion scoring was done on a 5-point scale, using the system described in 

Appendix F of the Code of Practice for the Care and Handling of Dairy Cattle (NFACC., 2009), 

where scores of 1 and 2 were smooth and fluid, and the ability to move freely was not 

diminished; a score of 3 was assigned when the ability to move freely was compromised but 

cows were still capable of locomotion; a score of 4 was recorded when the ability to move freely 

was obviously compromised; and a score of 5, where the cow is unable to stand up and/or move 

were observed in this assessment (DFC, 2017).  

For tie-stall herds, in-stall lameness assessments were performed (DFC, 2017). All cows 

that were being scored were standing for at least 3-minutes prior to assessment. As with gait 

scoring, if the cow was urinating or defecating scoring did not take place. The scoring took place 

in two parts, the first being the assessment of the foot placement and the second being manually 

shifting the cow from side to side. The behavioural indicators for in-stall lameness that were used 

can be found in Table 1. In order for a cow to be considered lame, 2 of the 4 behavioural 

indicators found in Table 1 must have been present (DFC, 2017).  

Body condition score (BCS) was recorded on a 5-point scale that ranged from 1 being 

emaciated, and 5 being too fat. For the ACA, the cut-off for an acceptable BCS was >2, and one 

that requires corrective action is less than or equal to 2.  
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6.3.3 Lactanet matched data 

The data collected for the proAction ACA provides information on the prevalence of 

animal-based measures of individual cows in a herd using the most prominent visible identifier, 

however, individual cow-level information on parity, days in milk (DIM), and breed were not 

available. Lactanet is a Canadian milk recording company, providing monthly milk recording 

information as a fee-for service to over 70% of Ontario dairy herds. Along with milk recording, 

herd and cow demographic data are collected. Herd and visible cow identifiers were used to 

match ACAs to individual cows in the Lactanet database, based on the milk recording test date 

closest to the ACA assessment date.  Farms that were not enrolled in milk recording with 

Lactanet, or farms where the ACA herd identifier could not be matched to a Lactanet ID, were 

not included in the matched analysis. 

6.3.4 Data Handling  

All data were cleaned, and all statistical analyses were performed using Stata15 for Mac 

(StataCorp, College Station, TX). Descriptive statistics were generated to describe herd-level and 

cow-level characteristics on both the original and the matched dataset. 

6.3.5 Statistical Analysis 

To address our first objective, which was to provide a descriptive summary of the 

proAction ACA results for hock and knee injuries, and locomotion scores on dairy farms in 

Ontario, Canada, descriptive statistics were generated for the full Ontario ACA dataset and on 

the matched data set.   
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 To address our second objective, which was to describe the relationship between hock 

and knee injuries and lameness on free-stall and tie-stall Ontario dairy farms, four logistic 

regression models were built using the logit command in Stata, with binomial distribution. The 

unit of analysis for all four models was the cow, and the outcome of interest was whether the 

cow was lame or not, as per the proAction scoring system previously described. Two models 

were created and run for free-stall housing environments, and two models were created and run 

for tie-stall housing environments, using different thresholds for defining abnormal locomotion.  

Free-stall Logistic Regression Models  

For cows that were housed in free-stalls, the first model compared all degrees of 

lameness (score ≥3) to non-lame cows (scores of 1 and 2); and the second model compared 

moderately and severely lame cows (score ≥4) to cows that were mildly lame or not lame (scores 

of 1, 2, and 3). To begin, univariable analyses were conducted with each explanatory variable 

and the outcome of interest (lameness). Hock and knee injuries were both categorized based on 

the proAction ACA scoring system with 0 indicating no injuries to the hocks or the knees, 1 

indicating minor injury, 2 indicating moderate injury, and 3 indicating severe injury. BCS was 

categorized as thin (score of 1.0-2.0), normal (score of 2.25-3.75), and over-weight (score of 4.0-

5.0). Lactation number was categorized as parity 1, 2, 3, 4, 5+ parities. DIM was categorized as 

early (0-100 days), mid (100-200 days), and late (200+ days). Finally, breed was categorized as 

Holstein or other. Any variables associated with lameness (P<0.15) at the univariable stage were 

offered to the multivariable model. The model was built using a backwards elimination process, 

starting with the full model and removing the least significant variable one at a time, while 
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checking the coefficients for confounding as the variables were being removed. Model fit was 

assessed using the goodness of fit ratio test. 

Tie-stall Logistic Regression Models  

For cows housed in tie-stalls, the first model compared all degrees of lameness (1 

behavioural indicator present) to non-lame cows (no behavioural indicators present); and the 

second and final model compared lame cows (2 or more behavioural indicators present) to cows 

that were not lame (1 or no behavioural indicators present). The logistic regression models were 

built in the same way used for the free-stall models were. To begin, univariable analyses were 

carried out with each explanatory variable and the outcome of interest (lameness). All covariates 

were categorized the same as they were for the free-stall logistic regression models. Any 

variables associated with lameness (p<0.15) were offered to the multivariable model. The model 

was built using a backwards elimination process, starting with the least significant variable being 

removed, and checking the coefficients for confounding as variables were being removed. Model 

fit was tested using the goodness of fit ratio test.  

6.4 Results 

6.4.1 Descriptive Results for proAction ACA Data 

The total number of herds that had a completed ACA at the time of this analysis was 

2,677, with 1,051 being free-stall herds and 1,549 being tie-stall herds. This represents 

approximately two thirds (n=2,677) of dairy farms in Ontario (N=3,446) (Canadian Dairy 

Information Centre, 2018). The mean herd size was 79 cows, and the mean sample size per herd 

was 25. All herd-level descriptive results can be found in Table 2. The total number of cows 

scored was 67,757, with 30,837 being from free-stall herds and 35,011 being from tie-stall herds. 
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All cow-level results from the proAction ACAs can be found in Table 3. Hoof lesion data was 

not available and therefore could not be included in the analyses.  

6.4.2 Descriptive Results for Lactanet Data 

The number of herds included in the analyses for matched data were 1,609 herds, with 

531 being free-stall herds, and 1,078 being tie-stall herds. The total number of matched cows was 

27,387; 10,157 of these cows were from free-stall herds and 16,431 were from tie-stall herds. 

The matched Lactanet descriptive results can be found in Table 3.   

Forty-four percent of cows were first-parity cows for both free-stall and tie-stall herds; 

twenty-seven percent of cows were second parity for both barn types, and 28% of cows were 3 or 

greater parities. Holstein cows were the primary breed with 95% of cows being Holsteins in free-

stall herds and 92% in tie-stall herds.  

 In both free-stall and tie-stall herds, 14% of cows had a hock score of 2, and 2% of cows 

had a hock score of 3 (i.e., a score that required corrective action). A smaller proportion of cows 

had knee injuries, with 3% of cows requiring corrective action in both free-stall and tie-stall 

herds. In free-stall herds, 22% of cows had a locomotion score of 3, 6% had a score of 4, and less 

than 1% of cows had a score of 5. For in-stall lameness, 30% of cows displayed the resting foot 

behaviour, 3% displayed standing on the edge, 2% displayed weight shifting, and 13% displayed 

uneven movement. Nine percent of cows in tie-stalls displayed at least two of these indicator 

behaviours and were considered to be lame. 
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6.4.3 Locomotion Score of  ≥3 in Free-stalls 

All results for the free-stall analyses can be found in Table 4. Cows with a hock injury 

score of 2 were 2.81 times more likely to have abnormal locomotion compared to cows without 

hock injuries (P£0.001, 95%CI: 2.47-3.19). If cows had a hock injury score of 3 their chances of 

having abnormal locomotion increased to 4.58 times compared to cows without hock injuries 

(P£0.001, 95%CI: 3.25-6.45). Cows with a knee injury score of 2 and 3 were 2.23 and 1.92 times 

more likely to have abnormal locomotion compared to cows without a knee injury (P£0.001, 

95%CI: 1.74-2.86; p=0.04, 95%CI: 1.03-3.59, respectively). Cows with a greater number of 

parities were more likely to be have abnormal locomotion compared to first parity cows. For 

example, cows with 5+ greater parities were 3.18 times more likely to have abnormal locomotion 

compared to cows in their first lactation (P£0.001, 95%CI: 2.61-3.86). Holstein cows were 1.66 

times more likely to have abnormal locomotion compared to other breeds (P£0.001, 95%CI: 

1.32-2.09).  

6.4.4 Locomotion Score of ≥4 in Free-stalls 

When the outcome of the model was a locomotion score of ≥4, which by ACA definition 

is when there is an obvious impediment to the gait or a cow is unable to stand up and move, the 

results changed in terms of which injuries and breed were more strongly associated with 

abnormal locomotion, or in the case of proAction definitions, which cows were considered to be 

classified as lame rather than ‘needs corrective action’. Cows with hock injury scores of 2 and 3 

were 2.73 and 5.01 times more likely to be considered lame compared to cows without hock 

injuries (P£0.001, 95%CI: 2.20-3.39; P£0.001, 95%CI: 3.31-7.60, respectively). If a cow had a 

knee injury score of 2, they were 2.01 times more likely to be lame compared to cows without 
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knee injuries (P£0.001, 95%CI: 1.43-2.83). Interestingly, cows with a knee injury score of 3 

were not associated with being lame. Similar to the previous model, cows with a greater number 

of parities had a higher association with being lame compared to younger cows. If they had 5 or 

more parities, they were 3.82 times more likely to be lame compared to a first lactation cow 

(P£0.001, 95%CI: 2.87-5.09). There was no statistically significant association between breed 

and lameness. 

6.4.5 One or More In-stall Lameness Indicators  

All results for the tie-stall analyses can be found in Table 5. If cows had a hock injury 

score of 2 or 3, they were 2.00 and 2.89 times more likely to have one or more in-stall lameness 

indicators compared to cows with no hock injuries (P£0.001, 95%CI: 1.81-2.21; P£0.001, 

95%CI: 2.24-3.72, respectively). Having a knee injury score of 2 was 1.47 times more likely to 

be associated with one or more in-stall lameness indicators compared to not having a knee injury 

(P£0.001, 95%CI: 1.23-1.76). Knee injury scores of 3 were not associated with having one or 

more lameness indicators. Similar to with free-stall herds, older parity cows were more likely to 

have one or more in-stall lameness indicators. Five or greater parity cows were 2.18 times more 

likely to have one or more in-stall indicators compared to first lactation cows (P£0.001, 95%CI: 

1.91-2.49). Holstein cows were 1.52 times more likely to have one or more lameness indicators 

compared to other breeds (P£0.001, 95%CI: 1.34-1.73).  

6.4.6 Two or More In-stall Lameness Indicators  

When the outcome of the model was changed to having two or more in-stall lameness 

indicators, which by definition of in-stall lameness for proAction meant that the cow was lame, 
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and corrective action was needed, similar results were found. The association between hock 

injuries and lameness increased with cows having a hock injury score of 2 and 3 being 3.29 and 

5.58 times more likely to be lame compared to uninjured cows (P£0.001, 95%CI: 2.78-3.91; 

P£0.001, 95%CI: 4.07-7.64, respectively). If a cow had a knee injury score of 2, they were 1.97 

times more likely to be lame compared to cows without knee injuries (P£0.001, 95%CI: 1.52-

2.56). Cows with 5 or more parities were 3.75 times more likely to be lame compared to cows in 

their first lactation (P£0.001, 95%CI: 3.04-4.62). Lastly, Holstein cows were 1.75 times more 

likely to be lame compared to other breeds (P£0.001, 95%CI: 1.34-2.28). 

6.5 Discussion 

There is evidence based on previously reported Canadian studies that the prevalence of 

injuries differs significantly among farms, and housing systems (i.e. free-stall vs. tie-stall). 

Zaffino Heyerhoff et al. (2014) and Jewell et al., (2019b) found the prevalence of cattle housed 

in free-stall farms (40 in Ontario, and 50 in Alberta, 40 in Eastern Canada), with at least one 

injury to the hock to range from 39-47%, and knee from 14-24%. Similar studies conducted by 

Nash et al., (2016) and Jewell et al., (2019b) found the prevalence of cattle housed in tie-stall 

farms (40 in Ontario, 60 in Quebec, and 33 in Eastern Canada), with at least one injury to the 

hock to range from 39-56.3%, and knee from 17-42.5%. Based on the Ontario results in Table 3, 

the prevalence of hock and knee injuries are lower in both housing systems than previously 

reported. The percent of cows that required corrective action were 14% of cows having a hock 

score of 2 in both free-stalls and tie-stalls, and 2% of cows having a hock score of 3 in both free-

stall and tie-stall herds. An even smaller proportion of cows had knee injuries, with 3% of cows 

requiring corrective action in both free-stall and tie-stall herds; 3% of cows had a knee injury 
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score of 2 in both free-stall and tie-stall herds, and less than 1% of cows had a knee injury score 

of 3 in both free-stall and tie-stall herds.  

An explanation for the lower prevalence of injuries could be due to the higher proportion 

of first lactation cows in this dataset. Forty-four percent of cows were first-parity cows for both 

free-stall and tie-stall herds; twenty-seven percent of cows were second parity for both barn 

types, and 28% of cows were 3 or greater parities. In comparison, research done by Zaffino 

Heyerhoff et al. in 2014 on 3,480 free-stall cows had 38% of cows in their first parity, 26% in 

their second, 15% in their third, and 17% in four and greater. Similar parity groups were 

explored by Nash et al. in 2016 had 3,868 cows housed in tie-stalls, with 36% being first parity 

cows, 26% second parity, 16% being third parity, and 22% being four or greater. The number of 

parities that a cow has had, and its stage of lactation, can influence the risk of a cow developing 

hock and knee injuries. The higher number of parities, and the further into the lactation stage, the 

more at risk a cow is of having and/or developing hock and knee injuries (Kielland et al., 2009; 

Zaffino Heyerhoff et al., 2014). Our results indicated that we had 6% more first parity animals 

compared to previous research studies, and this could be a likely contributor to the lower 

prevalence of injuries. that we found. Other factors, such as the shipping of animals prior to 

proAction starting, cows being placed in the sick pen prior to the ACA, and differences in the 

raters could also explain the low prevalence of injuries. Research conducted by Moorman et al 

(2018) found that 27% of culled cows across 3 livestock auction markets in Ontario were 

observed to have a hock injury. The same study also reported that 72% of cows at the same 

auction markets had a varying degree of abnormal locomotion, including the inability to track up 

and a severe limp. The timing of the proAction ACA date was known, and a concern with that 
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could be that producers were culling cows that they knew would not be considered acceptable. 

The high prevalence of injury and abnormal locomotion at the auction markets in 2018 could 

suggest this to be the case. During the ACA, cattle that were housed in sick pens were not 

assessed, as the producers were already taking corrective action for those cows, therefore, a 

proportion of injured cows could have been in the sick pen and not included in the scoring. 

Lastly, while the raters performing the ACA underwent extensive training, there is a possibility 

that there were differences in how they scored the animals which could also explain the lower 

prevalence of injuries.  

6.5.1 Relationship Between Injuries and Abnormal Locomotion  

As per the proAction ACA protocol, cows in free-stall herds with locomotion scores of 3 

are placed into a monitor category, and producers are not required to implement a corrective 

action plan for these cows. It is suggested that producers intervene if the gait score for these 

cows becomes worse. Cows with locomotion scores of 4 and 5, are deemed unacceptable, and if 

the prevalence exceeds the prescribed threshold, a herd-level corrective action plan is required. 

In tie-stall herds, cows with one or less in-stall behavioural indicators of lameness are considered 

acceptable, and do not require corrective action. If a cow displays two or more in-stall 

behavioural indicators of lameness they are considered to be unacceptable, and if the prevalence 

exceeds the threshold, they too require a corrective action plan (DFC, 2017). Some corrective 

action plans could include implementing a more rigid hoof trimming and/or foot bathing routine. 

The results of this research suggest that an association exists between hock and knee injuries and 

abnormal locomotion, and so another type of corrective action plan could be to address the stall 
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environment and make any potential changes to it. Data on hoof lesions was not available and 

therefore it cannot be assumed that these cows did not have hoof lesions present. 

 Regardless of barn type, hocks were associated with abnormal locomotion and lameness. 

In free-stall herds, cows with hock injury scores of 2 and 3 were 2.73 and 5.01 times more likely 

to be considered lame compared to cows without hock injuries (P£0.001, 95%CI: 2.20-3.39; 

P£0.001, 95%CI: 3.31-7.60, respectively). In tie-stall herds, cows having a hock injury score of 

2 and 3 being 3.29 and 5.58 times more likely to be lame compared to uninjured cows (P£0.001, 

95%CI: 2.78-3.91; P£0.001, 95%CI: 4.07-7.64, respectively). Potterton et al (2011) found that 

having a hock injury could lead to the presence of gait disorders due to the mechanical restriction 

of the hock joint flexion, the injury site being infected, and/or pain caused by the injury. They 

also reported that the high levels of impaired locomotion or observed lameness could be directly 

associated with hock injuries. Research by Rutherford et al (2008) found similar results, 

reporting that lame cows were more likely to have hock injuries compared to non-lame cows. 

The results of the current analysis agree with previous research in that regardless of barn type, 

cows with hock injuries that required corrective action were contributing to the observed 

abnormal locomotion, and lameness on the day of the proAction ACAs.  

 Similar to above, regardless of barn type, knees were associated with abnormal 

locomotion and lameness. In free-stall herds, if a cow had a knee injury score of 2, they were 

2.01 times more likely to be lame compared to cows without knee injuries (P£0.001, 95%CI: 

1.43-2.83). In tie-stall herds, if a cow had a knee injury score of 2, they were 1.97 times more 

likely to be lame compared to cows without knee injuries (P£0.001, 95%CI: 1.52-2.56). 
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Interestingly, knee injury scores of 3 were not associated with lameness. An explanation for this 

could be that there were fewer cows in both free-stall and tie-stall herds that had knee injury 

scores of 3 compared to having a score of 0, 1, or 2. Knee injuries could contribute to the 

observed lameness due to the nature of how a cow lies down and the abrasiveness of the surface 

in which they are lying on. Once a cow reaches a certain distance from the surface of the stall 

while lying down, she falls, and the impact of the fall could influence the presence or absence of 

knee injuries (Zaffino Heyerhoff et al., 2014).  

 Regardless of the model, outcomes for both barn types, a parity effect was found, where 

with increasing parity the risk of abnormal locomotion (lameness) increased. In free-stall herds, 

cows in parity 5 and greater were 3.82 times more likely to be lame compared to a first lactation 

cow (P£0.001, 95%CI: 2.87-5.09). In tie-stall herds, cows with 5 or more parities were 3.75 

times more likely to be lame compared to cows in their first lactation (P£0.001, 95%CI: 3.04-

4.62). Older parity cows have been exposed to the housing environment longer than younger 

cows, and thus the more wear and tear on the hooves of the cows, resulting in them to be lame 

(Dohoo et al., 1984; Rowlands et al., 1985; Groehn et al., 1992; Alban., 1995). Similar to with 

lameness, older cows are also at an increased risk of developing hock and knee injuries (Kielland 

et al., 2009; Zaffino Heyerhoff et al., 2014).  

 Holstein dairy cows are the most common dairy breed in Canada, with 94% of Canadian 

dairy cow population being Holstein (Canadian Dairy Information Centre, 2018).Within our 

study, Holstein cows were the predominant breed, with 95% of the free-stall housed cows being 

Holstein, and 95% of the tie-stall cows being Holstein. Therefore, the results that Holstein cows 
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are more likely to be lame compared to other breeds, regardless of barn type was not surprising. 

This result is also similar to those of Potterton et al., 2011, where Holstein cows were twice as 

likely to experience hair loss on their hocks in comparison to non-Holstein breeds.  

6.6 Conclusions 

 The results of this study provide evidence that at least some of the observed lameness (or 

abnormal locomotion) in Ontario is associated with hock and/or knee injuries. Therefore, in 

addition to preventive measures typically directed at the hoof, corrective action measures 

implemented to help mitigate injuries may also help to decrease the observed prevalence of 

lameness on Ontario dairy farms. The development of corrective action plans are important for 

helping to decrease on-farm lameness, however, it is also important for producers to closely 

watch their cows that fall under the ‘monitor’ category, as implementing a treatment plan for 

these cows could help to decrease the chances and prevalence of lame cows. The data used and 

the results of this study are based on two thirds of Ontario dairy farms. Future research should be 

done repeating the same methodology on all Ontario dairy farms, and provincially across Canada 

to provide baseline data on the prevalence of hock and knee injuries, and lameness on all 

Canadian dairy farms.  
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Table 6.1: Behavioural indicators of in-stall lameness as found in the proAction Animal Care Reference Manual as ‘Table 3- 

Behavioural indicators of lameness’ under ‘Stall lameness protocols’. 

Behaviour indicator Description 
Standing post (voluntary movement)  

Stand on edge Placement of one or more hooves on the edge of the stall while 

standing stationary.  

 

Standing on the edge of a step when stationary, typically to 

relieve pressure on one part of the claw. This does not refer to 

when both hind hooves are in the gutter or when cow briefly 

places her hoof on the edge during a movement/step.  

Weight shift Regular, repeated shifting of weight from one hoof to another. 

Repeated shifting is defined as lifting each hind hoof at least 

twice off the ground (L-R-L-R or vice versa).  

 

The hoof must be lifted and returned to the same location and 

does not include stepping forward or backward.  

Uneven weight Repeated resting of one foot more than the other as indicated by 

the cow raising a part or the entire hoof off the ground. The 

does NOT include raising of the hoof to lick or during kicking.  

Cow moved from side to side  

Uneven movement Uneven weight bearing between hooves when the cow was 

encouraged to move from side to side. This is demonstrated by 

greater rapid movement of one hoof relative to the other, or by 

an evident reluctance to bear weight on a particular foot.  
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Table 6.2: Herd-level descriptive results on herd size, sample size, and barn type for Ontario proAction Animal Care Assessment 

results and results for matched data by assessment date with Lactanet. 

 Full data Matched data 
Variable n Mean Std. Dev. Min Max n Mean Std. Dev. Min Max 
Herd Size 2,677 79 76 10 1350 1,609 72 58 11 800 

Sample Size 2,677 25 6 10 67 1,609 25 5 11 40 

Barn Type                     

Free-Stall 1,051 - - - - 531 - - - - 

Tie-Stall  1,549 - - - - 1,078 - - - - 
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Table 6.3: Cow-level descriptive results for proAction Animal Care Assessment results on 67,757 dairy cows in Ontario, and 27, 837 

cows that were matched with Lactanet by assessment date for further descriptive information on lactation, stage of lactation, and 

breed. 

 Free-Stall Full Data Free-Stall Matched Data Tie-Stall Full Data Tie-Stall Matched Data 
Variable N n Percent N n  Percent N n Percent N n  Percent 

Hock injury 67,757 30,837 46 27,387 10,157 37 67,757 35,011 52 27,387 16,431 60 
0 31,856 15,251 49.46 12,907 5,038 49.60 31,856 14,920 42,62 12,907 7,167 43.62 
1 25,449 11,038 35.79 10,427 3,583 35.28 25,449 14,224 40.63 10,427 6,757 41.12 
2 9,219 4,028 13.06 3,269 1,379 13.58 9,219 5,156 14.73 3,269 2,240 13.63 
3 1,233 520 1.69 424 157 1.55 1,233 711 2.03 424 267 1.62 

Knee injury 67,680 30,837 46 27,351 10,157 37 67,680 34,934 52 27,351 16,395 60 
0 47,741 22,797 73.93 19,583 7,568 74.51 47,741 23,179 66.35 19,583 11,278 68.79 
1 17,104 6,889 22.34 6,791 2,251 22.16 17,104 10,097 28.9 6,791 4,482 27.34 
2 2,374 970 3.15 837 294 2.89 2,374 1,380 3.95 837 539 3.29 
3 461 181 0.59 140 44 0.43 461 278 0.8 140 96 0.59 

Neck injury 67,638 30,836 46 27,332 10,157 37 67,638 34,839 52 27,332 16,376 60 
0 58,636 28,430 92.20 23,154 9,242 90.99 58,636 28,391 81.37 23,154 13,151 80.31 
1 7,537 2,017 6.54 3,504 778 7.66 7,537 5,448 15.61 3,504 2,698 16.48 
2 1,465 389 1.26 674 137 1.35 1,465 1,054 3.02 674 527 3.22 

Body condition score 67,755 30,837 46 27,837 10,157 37 67,755 35,011 52 27,837 16,431 60 
1 6 1 0.00 3 - - 6 5 0.01 3 3 0.02 

1.25 3 1 0.00 1 - - 3 2 0.01 1 1 0.01 
1.5 45 16 0.05 9 2 0.02 45 27 0.08 9 7 0.04 
1.75 210 70 0.23 73 25 0.25 210 140 0.40 73 48 0.29 

2 1,025 408 1.32 382 129 1.27 1,025 593 1.69 382 245 1.49 
2.25 3,374 1,269 4.12 1,423 462 4.55 3,374 2,033 5.81 1,423 936 5.70 
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2.5 8,839 3,435 11.14 3,874 1,240 12.21 8,839 5,168 14.76 3,874 2,535 15.43 
2.75 24,230 10,315 33.45 10,318 3,540 34.85 24,230 13,203 37.71 10,318 6,459 39.31 

3 16,342 8,102 26.27 6,591 2,746 27.04 16,342 7,700 21.99 6,591 3,624 22.06 
3.25 6,072 3,127 10.14 2,235 923 9.09 6,072 2,793 7.98 2,235 1,258 7.66 
3.5 3,623 1,914 6.21 1,279 556 5.47 3,623 1,633 4.66 1,279 693 4.22 
3.75 1,393 771 2.50 472 223 2.20 1,393 587 1.68 472 234 1.42 

4 1,209 636 2.06 408 183 1.80 1,209 547 1.56 408 214 1.30 
4.25 573 320 1.04 151 56 0.55 573 241 0.69 151 89 0.54 
4.5 410 216 0.70 101 45 0.44 410 187 0.53 101 53 0.32 
4.75 160 95 0.31 32 10 0.10 160 58 0.17 32 18 0.11 

5 241 141 0.46 35 17 0.17 241 94 0.27 35 14 0.09 
Lameness 37,050 37,050 - 12,480 12,480 - 37,050 - - 12,480 - - 

1 2,155 2,155 5.82 675 675 5.41 2,155 - - 675 - - 
2 23,314 23,314 62.93 8,175 8,175 65.50 23,314 - - 8,175 - - 
3 8,403 8,403 22.68 2,802 2,802 22.45 8,403 - - 2,802 - - 
4 3,061 3,061 8.26 806 806 6.46 3,061 - - 806 - - 
5 117 117 0.32 22 22 0.18 117 - - 22 - - 

In-stall Lameness 30,707 - - 14,907 - - 30,707 30,707 - 14,907 14,907 - 
Resting foot 10,042 - - 4,467 - - 10,042 10,042 32.70 4,467 4,467 29.96 

Stand on edge 996 - - 472 - - 996 996 3.24 472 472 3.17 
Weight shift 864 - - 407 - - 864 864 2.81 407 407 2.73 

Uneven movement  5,289 - - 2,024 - - 5,289 5,289 17.22 2,024 2,024 13.58 
Lactation       27,387 10,157 37       27,387 16,431 60 

1 - - - 11,954 4,496 44.27 - - - 11,954 7,164 43.60 
2 - - - 7,388 2,791 27.48 - - - 7,388 4,361 26.54 
3 - - - 4,263 1,610 15.85 - - - 4,263 2,528 15.39 
4 - - - 2,154 744 7.32 - - - 2,154 1,336 8.13 
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5 - - - 970 300 2.95 - - - 970 628 3.82 
6 - - - 416 139 1.37 - - - 416 257 1.56 
7 - - - 150 46 0.45 - - - 150 101 0.61 
8 - - - 57 20 0.2 - - - 57 32 0.19 
9 - - - 25 7 0.07 - - - 25 18 0.11 
10 - - - 5 2 0.02 - - - 5 3 0.02 
11 - - - 5 2 0.02 - - - 5 3 0.02 

Days in Milk       27,387 10,157 37       27,387 16,431 60 
Early (0-100 days) - - - 8.977 3,393 33.41 - - - 8.977 5,349 32.55 
Mid (101-200 days) - - - 7,914 2,976 29.30 - - - 7,914 4,706 28.66 

Late (201+ days) - - - 10,496 3,788 37.29 - - - 10,496 6,373 38.79 
Breed    27,387 10,157 37    27,387 16,431 60 
Other - - - 2,063 517 5.09 - - - 2,063 1,355 8.25 

Holstein - - - 25,324 9,640 94.91 - - - 25,324 15,076 91.75 
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Table 6.4: Results of two logistic regression analyses evaluating different cut-off points for abnormal locomotion on the matched 

ACA and Lactanet data for Ontario Free-Stall herds. 

 Free-Stall Outcome: Locomotion score of ≥3 Free-Stall Outcome: Locomotion score of ≥4 
Variable n Odds Ratio Std. Err. 95% CI p-value n Odds Ratio Std. Err. 95% CI p-value 

Hock injury                     
0 5,038 - - - - 5,038 - - - - 
1 3,583 1.55 0.08 1.41-1.72 <0.001 3,583 1.60 0.15 1.33-1.93 <0.001 
2 1,379 2.81 0.19 2.47-3.19 <0.001 1,379 2.73 0.30 2.20-3.39 <0.001 
3 157 4.58 0.80 3.25-6.45 <0.001 157 5.01 1.07 3.31-7.60 <0.001 

Knee injury                     
0 7,568 - - - - 7,568 - - - - 
1 2,251 1.38 0.07 1.24-1.53 <0.001 2,251 1.21 0.11 1.01-1.45 0.04 
2 294 2.23 0.28 1.74-2.86 <0.001 294 2.01 0.35 1.43-2.83 <0.001 
3 44 1.92 0.61 1.03-3.59 0.04 44 1.17 0.63 0.41-3.37 0.77 

Body Condition Score                     
Thin (1.0-2.0)  156 - - - - 156 - - - - 

Normal (2.25-3.75) 9,690 0.34 0.06 0.24-0.48 <0.001 9,690 0.34 0.16 0.23-0.52 <0.001 
Over-Weight (4.0-5.0) 311 0.26 0.06 0.17-0.40 <0.001 311 0.20 0.25 0.10-0.39 <0.001 

Parity                     
1 4,496 - - - - 4,496 - - - - 
2 2,791 1.41 0.08 1.27-1.57 <0.001 2,791 1.53 0.16 1.24-1.88 <0.001 
3 1,610 1.96 0.13 1.73-2.22 <0.001 1,610 2.20 0.25 1.76-2.75 <0.001 
4 744 2.51 0.21 2.12-2.96 <0.001 744 2.95 0.40 2.26-3.86 <0.001 
5 516 3.18 0.31 2.61-3.86 <0.001 516 3.82 0.56 2.87-5.09 <0.001 

Days in Milk                     
Early (0-100 days) 3,393 - - - - - - - - - 
Mid (100-200 days) 2,976 1.05 0.06 0.94-1.18 0.41 2,976 1.02 0.11 0.83-1.25 0.89 

Late (200+ days) 3,788 1.24 0.07 1.11-1.38 <0.001 3,788 1.25 0.13 1.12-1.63 0.002 
Breed                     
Other 517 - - - - 517 - - - - 

Holstein 9,640 1.66 0.19 1.32-2.09 <0.001 9,640 1.37 0.29 0.89-2.07 0.14 
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Table 6.5: Results of two logistic regression analyses evaluating different cut-off points for abnormal locomotion on the matched 

ACA and Lactanet data for Ontario Tie-Stall herds. 

 Tie-Stall Outcome: ≥1 in-stall lameness indicators Tie-Stall Outcome ≥2 in-stall lameness indicators 
Variable n Odds Ratio Std. Err. 95% CI p-value n Odds Ratio Std. Err. 95% CI p-value 

Hock injury                     
0 7,167 - - - - 7,167 - - - - 
1 6,757 1.49 0.05 1.39-1.61 <0.001 6,757 1.63 0.12 1.41-1.89 <0.001 
2 2,240 2.00 0.10 1.81-2.21 <0.001 2,240 3.29 0.29 2.78-3.91 <0.001 
3 267 2.89 0.37 2.24-3.72 <0.001 267 5.58 0.89 4.07-7.64 <0.001 

Knee injury                     
0 11,278 - - - - 11,278 - - - - 
1 4,482 1.31 0.05 1.22-1.41 <0.001 4,482 1.31 0.09 1.15-1.49 <0.001 
2 539 1.47 0.13 1.23-1.76 <0.001 539 1.97 0.26 1.52-2.56 <0.001 
3 96 1.73 0.37 1.14-2.62 0.09 96 1.54 0.49 0.83-2.86 0.17 

Body Condition Score                     
Thin (1.0-2.0)  304 - - - - 304 - - - - 

Normal (2.25-3.75) 15,739 0.77 0.09 0.61-0.98 0.03 15,739 0.33 0.05 0.24-0.44 <0.001 
Over-Weight (4.0-5.0) 388 0.80 0.13 0.58-1.09 0.17 388 0.42 0.09 0.27-0.66 <0.001 

Parity                     
1 7,164 - - - - 7,164 - - - - 
2 4,361 1.32 0.05 1.21-1.42 <0.001 4,361 1.64 0.14 1.39-1.92 <0.001 
3 2,528 1.77 0.09 1.61-1.94 <0.001 2,528 2.44 0.22 2.05-2.91 <0.001 
4 1,336 2.05 0.13 1.82-2.31 <0.001 1,336 3.05 0.32 2.49-3.74 <0.001 
5 1,042 2.18 0.15 1.91-2.49 <0.001 1,042 3.75 0.40 3.04-4.62 <0.001 

Days in Milk                     
Early (0-100 days) 5,349 - - - - 5,349 - - - - 
Mid (100-200 days) 4,709 1.07 0.05 0.98-1.16 0.12 4,709 1.04 0.85 0.88-1.22 0.65 

Late (200+ days) 6,373 1.19 0.05 1.09-1.28 <0.001 6,373 1.28 0.95 1.10-1.48 0.001 
Breed                     
Other 1,355 - - - - 1,355 - - - - 

Holstein 15,076 1.52 0.09 1.34-1.73 <0.001 15,076 1.75 0.24 1.34-2.28 <0.001 
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7 Concluding Remarks, Study Limitations, and Future Research 

7.1 Thesis Overview 

The overall purpose of the research described in this thesis was to build a greater 

understanding of the characterization and resolution of hock and knee injuries and their 

relationships with lameness in dairy cattle in Canada. This research can provide practical 

information, and further our knowledge surrounding the development, associations, and healing 

time for injuries and lameness in the industry. The results of this thesis can help to provide 

realistic timelines and expectations for dairy producers to ensure they can implement appropriate 

corrective action plans to decrease the prevalence of injuries and lameness on their farms. 

7.2 Summary of Findings  

A longitudinal observational study was conducted to gain a further understanding of how 

the prevalence of hock and knee injuries change over the course of a 12-month period (Chapter 

2). The results of this study suggest that a seasonal difference exists in the prevalence of hock 

and knee injuries, with a higher prevalence during the spring and summer months. Increased  

parity, (higher ambient) temperature, and increased DIM were statistically associated with in an 

increase in the observed prevalence of moderate and severe hock injuries; however, temperature 

was the only covariate associated with knee injuries.  

Parity 2 cows were 2.2 times more likely to have a hock injury score of 2 or 3 compared 

with cows in their first lactation (P£0.0001; 95% CI: 1.7-2.8). Cows with 3 or more parities were 

6.3 times more likely to have a hock injury score of 2 or 3 in comparison to cows in their first 

lactation (P£0.0001; 95% CI: 4.2-9.3). Cows in mid and late lactation were 2.8 and 4.1 times 
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more likely to have hock injuries compared to cows in early lactation (P£0.0001; 95% CI: 2.3-

3.2; P£0.0001; 95%CI: 3.5-4.9), respectively. Thus, our results provide further evidence that 

parity and stage of lactation influence the risk of a cow developing hock and knee injuries. Cows 

in higher parity groups, and further into the lactation, were at greater risk of having and/or 

developing hock and knee injuries (Kielland et al., 2009; Zaffino Heyerhoff et al., 2014). Time 

periods with medium and high temperatures were associated with the presence of hock injuries, 

with cows being 1.7 and 5 times more likely to have hock injuries with a score of 2 or 3 in 

medium and high temperatures respectively (P£0.0001, 95% CI: 1.5-1.9; P£0.0001; 95% CI: 

3.5-4.9). 

Interestingly, neither parity nor DIM were associated with the presence of knee injuries. 

The lack of association between parity and DIM and knee injuries could be due to the fact that a 

smaller number of cows developed knee injuries in this herd during this time period compared to 

the number of cows that developed hock injuries, and thus our analysis may have lacked the 

power to identify these relationships. Cows in medium and high temperature categories were 1.5 

and 5.1 times more likely to have knee injury scores of 2 of 3 compared to cows in the low 

temperature category (P£0.0001; 95%CI: 1.17-1.79; P£0.0001; 95%CI: 4.11-6.25). Lactating 

dairy cows spend 50 to 60% of their daily time budget lying down; this is between 12-13 h/d 

lying (Haley et al., 2000). Research done by Cook et al., 2007 reported that during the colder 

seasons, such as the fall and winter in the northern hemisphere, the lying time of cattle decreased 

to be around 10.9 hours per day, compared to the average 12 to 13 h/d (Cook et al., 2007). The 

decrease in lying time could indicate that when cows are colder in their environment, they prefer 

to spend more their time standing, standing idle, or eating. If the observed injuries are occurring 
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due to friction between the stall surface and the hock and/or knee when the cow is lying down, 

the decrease in lying time during colder months could help to explain the lower prevalence of 

hock and knee injuries during the fall and winter months in our study. 

Injuries and lameness are both prevalent across the dairy industry, however, there is little 

research addressing the potential link between them, and whether one predisposes to the other. 

The majority of lameness studies have focused on hoof lesions and attributed lameness to these 

lesions. Few studies have examined the proportion of lameness that can be attributed to injuries. 

Therefore, the objectives of Chapter 3 were to describe the relationship between mild, moderate, 

and severe hock and knee injuries and lameness in dairy cattle, and to determine if locomotion 

improved over time based on the type of hoof lesion present (non-infectious vs. infectious), and 

the implementation of regular hoof trimming. The results of this study provide evidence that at 

least some of the observed lameness (abnormal locomotion) may be associated with hock or knee 

injuries, so measures that are implemented to mitigate injuries may also help to decrease the 

prevalence of lameness on Canadian dairy farms. Cows with both hocks injured were 3.1 times 

more likely to be lame compared to cows without any hock injuries (p=0.05, 95% CI: 1.0-10.0). 

The presence of hock injuries may lead to gait disorders due to the mechanical restriction of the 

joint flexion, an infection at the site of the injury, or pain that is associated with the injury, and 

therefore, in some herds, the presence of hock injuries may directly be responsible for the high 

levels of impaired locomotion or severe lameness observed (Potterton et al., 2011). Interestingly, 

once the outcome of locomotion score was increased to ≥4, where the cows are obviously lame, 

knee injuries on one or both knees no longer contributed to the abnormal locomotion that was 
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observed (p=0.2; p=0.9, respectively). An explanation for this could be due to the smaller subset 

of cows with knee injuries and the resulting lack of power. 

In support of previous research, our findings also indicate that hoof lesions, both non-

infectious and infectious, contributed to the observed abnormal locomotion within the herd. The 

implementation of regular hoof trimming as follow-up to previous lameness intervention helped 

to resolve cases of non-infectious hoof lesions and was associated with return to an acceptable 

locomotion score. Touissant-Raven et al (1985) reported that the implementation of routine hoof 

trimming can help to prevent subclinical cases of non-infectious hoof lesions from becoming 

clinical infectious of non-infectious hoof lesions. The results presented here indicate that cows 

with non-infectious hoof lesions were 3.3 and 3.5 times more likely to have abnormal 

locomotion scores of 3 compared to cows without hoof lesions present (p=0.01, 95% CI: 1.3-9.7; 

p=0.02, 95% CI: 1.3-8.9).  

When the outcome of the model was a locomotion score of 4 and above, where cows are 

obviously lame, cows with infectious hoof lesions were 14 times more likely to be obviously 

lame in comparison to cows with non-infectious hoof lesions (p=0.001, 95% CI: 3.0-67.4). 

Digital dermatitis was the infectious hoof lesion diagnosed within this herd. Previous research 

has reported that it is painful, contagious, and results in clinical lameness (Read and Walker, 

1998). In support of these findings, our study also showed that when digital dermatitis was 

present, cows were found to have abnormal locomotion.  This research also supports the findings 

that the presence of hoof lesions contributes to the presence of abnormal locomotion and 

lameness cases. However, there was a proportion of cows that had abnormal locomotion but did 
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not have hoof lesions present, and in this case, injuries to the knees and hocks, as well as parity, 

likely contributed to the observed abnormal locomotion. 

Older cows had greater odds of having abnormal locomotion compared to younger cows, 

likely due to the exposure time within the environment. Cows in their 3rd parity or greater were 

more than 3 times more likely to have abnormal locomotion compared to first parity cows. The 

higher frequency of abnormal locomotion in older cows could be indicative of wear and tear on 

their hooves (Dohoo et al., 1984; Rowlands et al., 1985; Groehn et al., 1992; Alban., 1995). 

The results from Chapter 3 indicate that an association exists between hock and knee 

injuries and lameness, however, it was still unknown whether one predisposes the other. 

Therefore, the objective for Chapter 4 was to describe the chronological development of hock 

and knee injuries, and abnormal locomotion, in first-lactation animals. This research was 

conducted on a small scale; however, the results are important, indicating that a temporal 

relationship may exist between the development of hock and knee injuries and abnormal 

locomotion. Two types of hock and knee injuries were observed to develop, differing in their 

etiology.  The first developed gradually, with injury changes from 0 to 1 to 2, over time, which 

are likely the result of friction with the mattresses, and these animals also developed abnormal 

locomotion gradually and only after the injury appeared. The second type of injury developed 

acutely, with changes from score 0 to 2 or 3 within a one-week interval and were more likely the 

result of a traumatic event, such as banging the hock and/or knee on the stall partitions or 

slipping and falling.  In these latter cases, the change in locomotion was also more rapid. At a 

high level, gradual injury development was more common. Ten cows (of 41) gradually 

developed an abnormal locomotion score of 3; 8 of these cows developed a hock injury first, and 
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1 developed a knee injury prior to abnormal locomotion. The remaining cow which developed an 

abnormal locomotion score of 3 had no hock and knee injuries at that time. One cow developed a 

locomotion score of 4, on the same day that she developed a severe hock injury (score of 3). 

Previous research has found that cows typically spend the same amount of time lying on their 

right and left sides (Forsberg et al., 2008), and therefore we were interested in determining if 

hock and/or knee injuries developed at the same time on both sides.  

The average number of days for right and left hock injuries to change from a score of 0 to 

1 was 38 and 39 days, respectively. Following the gradual development, it took an average of 26 

and 48 days for right and left hock injuries to change from a score of 1 to 2, and an average of 59 

days for a change from 2 to 3. The time for right and left knee injuries to go from a score of 0 to 

1 took an average of 79 and 70 days, respectively. On average, a change in knee injury scores 

from 1 to 2 took an average of 48 and 54 days after developing a score of 1. Ten of the 41 cows 

gradually developed a locomotion score of 3, over an average of 120 days. Fifteen cows 

developed acute right hock injury scores of 2, where their scores changed from 0 to 2, on 

average, 48 days after moving into the lactating cow facility. Similar results were found for the 

left hock, with scores changing from 0 to 2 in an average of 50 days for thirteen cows.  Three 

cows’ hock scores changed from 1 to 3, over an average of 28 days for two cows, and 7 days for 

the third. Acute cases of knee injuries occurred less frequently, and on 5/41 cows. 

Twenty-two percent of the cows developed a mild form of lameness (score 3). If a cow 

becomes lame in the first lactation, the hazard of developing lameness in the second lactation is 

doubled (Hirst et al., 2002). Based on our results, by the time a cow developed signs of abnormal 

locomotion, she had already developed injuries to their hocks and/or knees. Therefore, it can be 
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assumed that the development of mild lameness could be attributed to the injuries on the hocks 

and knees. If a temporal relationship does exist, then implementing a corrective action to 

decrease the prevalence of hock and knee injuries should in turn also decrease the prevalence of 

observed mild lameness cases.  

Based on our own research, and that of others, hock and knee injuries are prevalent 

across the dairy industry, with recent benchmarking in North America indicating that cows 

managed in intensive systems are at a higher risk for injury development. It is unknown whether 

hock and knee injuries heal, based on descriptions of severity and complexity, or how long the 

healing process might take. Therefore, the first objective for Chapter 5 was to first determine 

whether hock and knee injuries heal or improve over time through facility transitions from 

mattress environments into environments such as deep bedded sand or pasture, which have been 

associated with a lower prevalence of injuries (Rutherford et al., 2008; Lombard et al., 2010) 

and, to determine how long this healing process takes. The second objective was to determine 

whether cows with severe hock and knee injuries would heal in any environmental transition. 

This study (Chapter 5) found that healing of hock and knee injuries depends on the 

severity and the cows’ housing environment. Cows with chronic and major swelling did not 

show signs of healing, regardless of their housing environment. One herd (of 13) in our study 

transitioned cows to a deep bedded system and while there was not a statistical difference in the 

healing time, the Kaplan Meir plot (Figure 5.1) suggests that after 60 days in the deep bedding, 

around 75% of the cows healed. The implications of the above information are that if producers 

provide cows with a deep bedded system, sand, or pasture, healing takes place. Figure 5.1 also 

suggests that when cows were transitioned onto new mattresses, only 50% of the cows healed. 
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All cows healed after transitioning to pasture or sand-based systems. These results are supported 

by previous findings that stall environments (bases and bedding) are one of the most influential 

places for injury development. The use of mattresses with very little bedding can increase the 

risk of hock injury development due the abrasive nature of the rubber mattress (Zaffino 

Heyerhoff et al., 2014).  

If a producer is required to implement corrective action plans due to the results of their 

Animal Care Assessment, actions such as providing deeper bedding on top of mattresses or 

allowing access to pasture may help promote hock injury healing and decrease the prevalence of 

injuries within 60 days. Previous research has found that the odds of leg injuries are lower in 

younger cows compared to older cows, and this could be due to the length of physical exposure 

time in the physical environments (Haskell et al., 2006; Kielland et al., 2009; Zaffino Heyerhoff 

et al., 2014). Cows with 2 or fewer lactations had a greater chance of healing compared to cows 

with 3+ lactations (p=0.04; 95% CI: 1.0-1.8). This greater chance of healing could be due to the 

injuries in younger cows being less chronic in terms of swelling and skin abrasions compared to 

older lactation cows. A small proportion of cows transitioned with a hock injury score of 3 

(n=28), however, based on the results gleaned from this study, very little, if any healing took 

place, regardless of the housing environment that those cows were transitioned to. Currently we 

do not know what the general causes may be for these more chronic and severe injuries are. We 

do not know if these more severe injuries are caused by something within the housing 

environment or if there are underlying internal problems within the cow such as an infection of 

the joint. 
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A small proportion of cows transitioned with a knee injury score of 2 (n=73). Overall, the 

prevalence of knee injuries across the three herds was 11%, and this result is slightly lower than 

previous findings of knee injury prevalence ranging from 14-24% (Zaffino Heyerhoff et la., 

2014; Jewell et al., 2019). There were only 3 stall bases represented in this sample, and they are 

mattresses, sand, and pasture, corresponding to three different farms. Figure 3 depicts the time to 

healing in days for knee injuries and it shows that regardless of the stall base, 100% healing did 

take place, even at the herd with cows on the mattress system. 

 As previously stated, abnormal locomotion, and injuries to hocks and knees, are among 

the top welfare concerns facing the dairy industry today. While the results of Chapter 3 indicate 

that an association exists between hock and knee injuries and lameness, these results are from a 

single herd, and we were interested in determining if this relationship existed on a larger scale. 

Therefore, the objectives of Chapter 6 were to provide a descriptive summary of the proAction 

ACA results for hock and knee injuries, and locomotion scores, on dairy farms in Ontario, 

Canada; and to describe the relationship between hock and knee injuries and abnormal 

locomotion from a subset of free-stall and tie-stall Ontario dairy farms. 

The results of this study provide evidence that at least some of the observed lameness (or 

abnormal locomotion) in Ontario may be as a result of hock or knee injuries. Therefore, in 

addition to preventive measures typically directed at the hoof, corrective action measures 

implemented to help mitigate injuries may also help to decrease the observed prevalence of 

lameness on Ontario dairy farms.  
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The overall percent of cows in the  ‘corrective action required’ category was 14% of 

cows with a hock score of 2, and 2% of cows having a hock score of 3, in both housing types. An 

even smaller proportion of cows had knee injuries, with 3% of cows  with a knee injury score of 

2, and less than 1% of cows with a knee injury score of 3, across both free stall and tie stall 

housing. These prevalence estimates of hock and knee injuries are lower in both housing systems 

than previously reported. Zaffino Heyerhoff et al. (2014) and Jewell et al., (2019b) found the 

prevalence of cattle housed in free-stall farms (40 in Ontario, and 50 in Alberta, 40 in Eastern 

Canada), with at least one injury to the hock to range from 39-47%, and knee from 14-24%. 

Similar studies conducted by Nash et al., (2016) and Jewell et al., (2019b) found the prevalence 

of cattle housed in tie-stall farms (40 in Ontario, 60 in Quebec, and 33 in Eastern Canada), with 

at least one injury to the hock to range from 39-56.3%, and knee from 17-42.5%. 

Regardless of barn type, hocks were associated with abnormal locomotion and lameness. 

In free-stall herds, cows with hock injury scores of 2 and 3 were 2.73 and 5.01 times more likely 

to be considered lame compared to cows without hock injuries (P£0.001, 95%CI: 2.20-3.39; 

P£0.001, 95%CI: 3.31-7.60, respectively). In tie-stall herds, cows having a hock injury score of 

2 and 3 being 3.29 and 5.58 times more likely to be lame compared to uninjured cows (P£0.001, 

95%CI: 2.78-3.91; P£0.001, 95%CI: 4.07-7.64, respectively). Potterton et al (2011) found that 

having a hock injury could lead to the presence of gait disorders due to the mechanical restriction 

of the hock joint flexion, the injury site being infected, and/or pain caused by the injury. 

Similarly, regardless of barn type, knee injuries were associated with abnormal 

locomotion and lameness. In free-stall herds, if a cow had a knee injury score of 2, they were 
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2.01 times more likely to be lame compared to cows without knee injuries (P£0.001, 95%CI: 

1.43-2.83). In tie-stall herds, if a cow had a knee injury score of 2, they were 1.97 times more 

likely to be lame compared to cows without knee injuries (P£0.001, 95%CI: 1.52-2.56). 

Interestingly, knee injury scores of 3 were not associated with lameness. An explanation for this 

could be that there were fewer cows in both free-stall and tie-stall herds that had knee injury 

scores of 3 compared to having a score of 0, 1, or 2.  

A parity effect was found, where with increasing parity the risk of abnormal locomotion 

(lameness) increased. In free-stall herds, cows in parity 5 and greater were 3.82 times more likely 

to be lame compared to a first lactation cow (P£0.001, 95%CI: 2.87-5.09). In tie-stall herds, 

cows with 5 or more parities were 3.75 times more likely to be lame compared to cows in their 

first lactation (P£0.001, 95%CI: 3.04-4.62). Older parity cows have been exposed to the housing 

environment longer than younger cows, and thus the more wear and tear on the hooves of the 

cows, resulting in them to be lame (Dohoo et al., 1984; Rowlands et al., 1985; Groehn et al., 

1992; Alban., 1995).  

Holstein dairy cows are the most common dairy breed in Canada, with 94% of the 

Canadian dairy cow population being Holstein (Canadian Dairy Information Centre, 

2018).Within our study, Holstein cows were the predominant breed, with 95% of the free-stall 

housed cows being Holstein, and 95% of the tie-stall cows being Holstein. Therefore, the results 

that Holstein cows are more likely to be lame compared to other breeds, regardless of barn type 

was not surprising. This result is also similar to those of Potterton et al., 2011, where Holstein 
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cows were twice as likely to experience hair loss on their hocks in comparison to non-Holstein 

breeds. 

7.3 Limitations and Future Research  

A limitation for Chapters 2, 3, and 4 were that the research was conducted at the 

University of Guelph Dairy Research Facility, and while there was no selection bias at the cow 

level, the herd selection was done by convenience. The work for these three chapters only 

represents one herd, however, these research chapters were good pilot studies that now warrant a 

broader replication. Future research should look at seasonal and temperature effects on hock and 

knee injuries on a broader scale, and should include the placing of data loggers on cows year-

round to collect data on their standing and lying times through different seasons and 

temperatures.  Based on our findings in Chapter 2, future research could also explore different 

environments and the effect of the dampness of different bedding materials over time along with 

lying time and their effect on injury prevalence. 

For Chapters 3 and 4, the hoof trimmer came each month, however, due to time 

constraints, some cows were not seen by the hoof trimmer on their scheduled visit day, or some 

cows were added to the list as a last minute request. All of this was taken into account in the 

analysis, and dates were adjusted where necessary. The benefits to rubber flooring and the 

practice of regular hoof trimming may lead to decrease general wear and tear compared to 

concrete, so future research should explore the effect of different types (hardness and surface 

texture) of rubber and the impact of the number of slips and falls on locomotion.  
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In Chapter 3, a small subset of cows were included in a survival analysis for time to 

locomotion resolution (return to normal locomotion score). The cows used in this analysis were 

cows that were known to have a previous lameness event. Our results suggest that parity, hock 

and knee injuries, and hoof lesions were not associated with the healing time for abnormal 

locomotion. Future research should repeat the same methods of conducting a longitudinal study, 

working with a hoof trimmer and on a larger sample of cows to determine if the results might 

change.  

The results of Chapter 4 indicate that a temporal relationship may exist between hock and 

knee injuries and abnormal locomotion, however, this research was conducted in a singular herd 

and therefore future research should repeat similar methods, on a larger scale, of following first 

lactation cows, that are free of any injury and abnormal locomotion to determine rate at which 

the injuries and abnormal locomotion develop. Future research could also further describe the 

development of injuries in terms of when they appear, if they regress, and if so, do they reappear.  

There were limitations that existed within Chapter 5.  There was a geographical limitation 

in selecting producers to work with and a numerical constraint to the number of herds that could 

be visited by the research team during the study period. A logistical limit was that researchers 

could not travel more than 3 hours to obtain their data in both provinces. As a result, all farms 

selected in Nova Scotia were clients of a single veterinary clinic. Farms in Ontario were all 

within a 3-hour radius of the University of Guelph. Therefore, conveniently selecting farms that 

were within the radius, and the farmers having the choice to participate or not, a selection bias 

may have occurred.  Due to the project timeline (April 2018 to the end of January 2019), only 

farms with facility transitions occurring during that period were eligible to be enrolled. Due to 
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the novelty of this research, several factors , such as stall dimensions, stall cleanliness, 

reproductive status, flooring type, and stocking density were left out of the analysis as we were 

primarily interested in hypothesis testing stall base and its association with injury healing.  

 The data provided for Chapter 6 was not collected by our research team, and therefore an 

observer effect could be present in how the animal-based measures were scored. At the time of 

analysis, not all of the results for the Ontario ACAs were available, and therefore, the results 

represent 2/3rds of Ontario dairy farms. Future research could further explore the relationship and 

association between hock and knee injuries and abnormal locomotion. Chapter 6 focused on 

Ontario dairy farms, but future research could be done Canada wide. The advantages of this 

would be having a more in-depth understanding of the prevalence of injuries across the country 

and having a baseline to compare future ACA results to. A difference in the results may exist 

between provinces due to the proportion of housing environments. The proAction ACA data are 

available provincially and future research could investigate and provide baseline data on the 

prevalence of hock and knee injuries, and lameness on all Canadian dairy farms.  

7.4 Key Knowledge Gains and Gaps to Fill 

Overall, the results of this research have provided further evidence that parity and stage of 

lactation influence the risk of a cow developing hock and knee injuries, and abnormal 

locomotion. Furthermore, this research discovered that an association between hock and knee 

injuries and abnormal locomotion exists, and that at least some of the observed abnormal 

locomotion may be due to hock and knee injuries. When addressing the question of causality 

between hock and knee injuries and abnormal locomotion, the results, while on a small scale, 

indicate that a temporal relationship between the development of hock and knee injuries and 
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abnormal locomotion does exist. This research also discovered that hock and knee injuries do 

heal, depending on their severity and housing environment. Healing of both hock and knee 

injuries took place within 60 days of moving to a new housing environment. Housing 

environments that promoted the most healing were deep bedded sand, bedded packs, and pasture. 

Cows with chronic and major swelling did not show signs of healing, regardless of their housing 

environment. This result has led to a research gap in our understanding, and underlying etiology 

of chronic and severe hock injuries. Future research could assess the underlying pathology of 

severe injuries to gain further understanding of their development.  

 

 

 

 

 

 

 

 

 



 

 

 

 

166 

7.5 References 

Alban, L. 1995. Lameness in Danish dairy cows: frequency and possible risk factors. Prev. Vet. 
Med. 22:213-225.  

Canadian Dairy Information Centre. 2018. Accessed January 20th, 2020. 
https://www.dairyinfo.gc.ca/ 

Cook, N.B., Mentink, R.L., Bennett, T.B., and Burgi, K. 2007. The Effect of Heat Stress and 
Lameness on Time Budgets of Lactating Dairy Cows. The Journal of Dairy Science. 90: 1674-
1682.  

Dohoo, I.R., S.W. Martin., I. McMillan., B.W. Kennedy. 1984. Disease, production and culling 
in Holstein-Friesian cows. II. Age, season and size effects. Prev. Vet. Med. 2:655-670.  

Forsberg, A.M., Petterson, G., Ljungberg, T., Svennersten-Sjaunja, K. 2008. A brief note about 
cow lying behaviour- Do cows choose left and right lying side equally? Appl. Anim. Behav. 
Sci.114: 32-36.  

Groehn, J.A., J.B. Kaneene., D. Foster. 1992. Risk factors associated with lameness in lactating 
dairy cattle in Michigan. Prev. Vet. Med. 14:77-85.  

Haley, D.B., Rushen, J., de Passillé, A.M. 2000. Behavioural indicators of cow comfort: Activity 
and resting behaviour in two types of stalls. Can. J. Anim. Sci. 80: 257-263. 

Haskell, M.J. L.J. Rennie., V.A. Bowell., M.J. Bell., A.B. Lawrence. 2006. Housing system, 
milk production, and zero-grazing effects on lameness and leg injury in dairy cows. J. Dairy Sci. 
89(4259-4266). 

Hirst, W.M., R.D., Murray., W.R. Ward., N.P. French. 2002. A mixed-effects time to event 
analysis of the relationship between first lactation lameness and subsequent lameness in dairy 
cows in the UK. Prev. Vet. Med. 54:191-201. 

Jewell.  M.T., M. Cameron., J. Spears., S.L. McKenna., M.S. Cockram., J. Sanchez., G.P. Keefe. 
2019. Prevalence of hock, knee, and neck skin lesions and associated risk factors in dairy herds 
in the Maritime Provinces of Canada. J. Dairy Sci. 102:3376-3391. 

Kielland, C., L.E. Ruud., A.J. Zanella., O. Østerås. 2009. Prevalence and risk factors for skin 
lesions on legs of dairy cattle housed in freestalls in Norway. J. Dairy Sci. 92:5487-5496. 

Lombard, J.E., Tucker, C.B., von Keyserlingk, M.A.G., Kopral, C.A., and Weary, D.M. 2010. 
Associations between cow hygiene, hock injuries, and free stall usage on US dairy farms. J. 
Dairy Sci. 93: 4668-4676. 

 



 

 

 

 

167 

Nash, C.G.R., D.F. Kelton., T.J. DeVries., E. Vasseur., J. Coe., J.C. Zaffino Heyerhoff., V. 
Bouffard., D. Pellerin., J. Rushen., A.M. de Passillé., D.B. Haley. 2016. Prevalence of and risk 
factors for hock and knee injuries on dairy cows in tiestalls housing in Canada. J. Dairy Sci. 
99:6494-9506. 

Potterton, S.L., M.J. Green., J. Harris., K.M. Millar., H.R. Whay., J.N. Huxley. 2011. Risk 
factors associated with hair loss, ulceration, and swelling at the hock in freestall-housed UK 
dairy herds. J. Dairy Sci. 94:2952-2963. 

Read, D.H., R.L. Walker. 1998. Papillomatous digital dermatitis (footwarts) in California dairy 
cattle: clinical and gross pathologic findings. J. Vet. Diagn. Investig. 10:67-77.  

Rowlands, G.J., A.M. Russell., L.A. Williams. 1985. Effects of stage of lactation, month, age, 
origin, and heart girth on lameness in dairy cattle. Vet. Rec. 117:576-580.  

Rutherford, K. M., F. M. Langford, M. C. Jack, L. Sherwood, A. B. Lawrence, and M. J. 
Haskell. 2008. Hock injury prevalence and associated risk factors on organic and nonorganic 
dairy farms in the United Kingdom. J. Dairy Sci. 91:2265–2274. 

Touissant-Raven, E., R.T. Halstra., D.J. Peterse. 1985. Cattle foot care and claw trimming. 
Farming Press, Ipswich, UK.  

Zaffino Heyerhoff, J.C., S.J. LeBlanc., T.J. DeVries., C.G.R. Nash., J. Gibbons., K. Orsel., H.W. 
Barkema., L. Solano., J. Rushen., A.M. de Passillé, and D.B. Haley. 2014. Prevalence of and 
factors associated with hock, knee, and neck injuries on dairy cows in freestall housing in 
Canada. J. Dairy Sci. 97:173-184. 

 

 

 

 

 

  
 



 

 

 

 

168 

APPENDIX I 

Causal diagram illustrating the hypothesized relationships between animal- and environmental-based measures with the outcome of 
interest hock and knee injuries. 
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APPENDIX II 

Causal diagram illustrating the hypothesized relationships between animal- and environmental-based measures with the outcome of 
interest lameness. 
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