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ABSTRACT 

 
 

 

STEPS TOWARDS UNDERSTANDING THE CONSISTENTLY HIGH PREVALENCE OF  

LAMENESS AND HOCK INJURIES ON CANADIAN DAIRY FARMS 

 

 

 

Stephanie L. Croyle        Co-Advisors: 

University of Guelph, 2020       Dr. David Kelton 

           Dr. Stephen LeBlanc 

 

 

 

This thesis was an exploration of the current lameness prevalence and hock injury prevalence in 

Canada, and an examination of potential communication barriers for farmers regarding discussion on such 

topics as lameness and hock injuries on farm. A training method for animal-based measures in welfare 

assessments in dairy cattle was created and validated to ensure high repeatability in assessors recording 

animal-based measures. A cross-sectional study was implemented to gather data on management practices 

surrounding welfare issues and current prevalence of hock injuries and lameness, as well as explore 

potential risk factors for those welfare issues.  Lastly, a qualitative study was conducted to explore dairy 

farmers’ expectations of and receptivity to being approached and receiving advice on animal welfare 

issues.  

The training methodology and validation of the training showed that assessors can achieve high 

repeatability and accuracy for reporting on animal-based measures including: body condition, hock 

injuries, lameness, and cleanliness, which aid in monitoring these important indicators for welfare.  

A cross-sectional survey and follow-up farm evaluated management practices that may contribute 

to reduced lameness and hock injuries on farm. Most farmers never look for lameness aside from casual 

observation when milking. The hock injury and lameness prevalence estimates were 32% and 29% 

respectively. The prevalence of lameness was associated with geographical region, barn types (i.e. 

freestall), depth of bedding, time to investigation of a mildly lame cow and the prevalence of dirty udders 
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and flanks. Ninety percent of farmers believe their herd’s resting surface minimizes hock injuries and 

provides comfort, however, the majority of farms use mattresses and mats which are associated with 

higher levels of hock injuries. Hock injuries were reduced with access to pasture. 

The qualitative study highlighted that it is important to farmers that trusted consultants (i.e. 

veterinarians) provide insight into welfare issues on their farm by identifying welfare issues, broaching 

the subjected tactfully, and providing animal care services aimed at reducing welfare issues. Farmers felt 

this was important, as they can become “barn blind”, meaning there can be a lack of perception of 

problems in one’s own barn. 
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CHAPTER 1: 

 

UNDERSTANDING WELFARE CHALLENGES IN THE DAIRY INDUSTRY; 

PARTICULARLY FOR LAMENESS AND HOCK INJURIES 
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Introduction 

 
There are multiple goals for this review: 1) briefly summarize the literature regarding 

lameness detection and hock injury scoring, and discuss the gaps in animal-based measure 

scoring 2) describe the prevalence of hock injuries and lameness 3) review current training 

methodologies for repeatability and reliability of lameness and hock injury scoring 4) discuss 

general risk factors for lameness and hock injuries 5) complete a comprehensive review on 

mattresses as they pertain to dairy welfare 6) discuss literature on the veterinarians’ role for 

animal welfare on farm 

Assessing Lameness and Hock Injuries 

 

Lameness is often defined as an abnormality in the normal gait of a cow, and is 

considered to be the clinical manifestation of painful disorders in the hoof or limb (Maas, 2009), 

however, pain in the back or hip could also cause gait abnormalities. The deviation in normal 

gait is thought to reduce incurred pain from the affected area of the body (Scott, 1989). The 

severity of lameness can vary from a slight limp to an inability to bear weight on one or more 

limbs (Thomsen et al., 2007; Flower and Weary, 2010). 

Historically, a variety of techniques and methods have been used to assess cows for 

lameness in both freestall and tiestall settings. For example, in a study that synthesized visual 

lameness detection, over 10 different types of lameness scoring methodologies were listed (Van 

Nuffel et al., 2015), each of which include some combination of conformation (i.e. the shape of 

the legs), head bob (head movement while walking), tracking up (hind hoof replacing front hoof 

while walking), and speed of gait. Due to the variety of approaches used to lameness score cows, 
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and due to the somewhat subjective nature of visually detecting cows for lameness, it is 

important to utilize a standardized methodology when collecting data for research or surveillance 

purposes, and to ensure that all assessors have sufficient inter-rater reliability. It has been 

suggested that unless observers have assessed a large number of cows and developed a specific 

agreed upon criteria, it is very difficult to improve inter-observer  reliability (Channon et al., 

2009). Therefore, training for detecting lameness is vital for accurate and consistent lameness 

identification. Although there are more than 10  methodologies that have been described for 

lameness detection, the 5-point scale (Flower and Weary, 2010) is commonly used in the 

freestall systems to assess the locomotion score of cows, where a > 2 out of 5 classification is 

considered lame. When a cow is > 2 she has at least a slight limp, a moderate limp, or is unable 

to place weight on the limb.  

 

For tiestall herds, an in-stall lameness detection protocol has been developed and 

validated to be comparable to locomotion scoring (Gibbons et al., 2014b; Palacio et al., 2017a). 

Although the two scoring systems are comparable when detecting cows > 2 on the 5 point scale, 

and cows that have 2 or more behavioral indicators for lameness in the stall assessment, the in-

stall lameness scoring system may slightly underestimate lameness prevalence (Gibbons et al., 

2014; Palacio et al., 2017). The in-stall lameness behaviors are edge, rest, shift, and uneven steps 

(Leach et al 2009). A cow must have two or more of the behavioral indicators of lameness to be 

considered lame (Gibbons et al., 2014). Inter-rater reliability is important for accurate and 

repeatable scoring in the in-stall lameness assessment as well. A dichotomized version of a 

scoring construct is most likely to achieve high inter-rater agreement scores for lameness and 

hock injuries (Channon et al., 2009), so for each of the two commonly used systems a cow can 
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be classified as “lame” or “not lame”, or “injured or not injured” in the case of hock injuries, for 

best agreement among assessors.  

 

Similar to lameness, hock injuries have been evaluated using over 15 different 

methodologies and cut-offs for scoring (Zaffino et al., 2012). A commonly used method, which 

is also the methodology adopted by Dairy Farmers of Canada for their national proAction 

Animal Care Assessment (DFC, 2017), is a 4-point scale (Gibbons et al., 2012), with a 

dichotomous outcome, of acceptable (not injured) or unacceptable (injured).  Hock injuries of 0 

(no swelling with minor or no hair loss or broken hairs) and 1 (no swelling with bald area) are 

considered acceptable, and hock injuries of 2 (swelling with thickness of < 2.5 cm and/or broken 

skin or scab, may have bald area) and 3 (major swelling with thickness of ≥ 2.5 cm, with or 

without bald area or lesion) are considered unacceptable. 

 

 Repeatability and Accuracy for Lameness and Hock Injury Detection 

 

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

feasible, and ideally objective and repeatable. The reliability means that the test produces stable 

and consistent results, while validity indicates that the scoring method actually measures what it 

was designed to measure. The feasibility demonstrates that the scoring method is capable of 

being done successfully in the field, and the repeatability reflect that the scoring can be done in 

the same way each time, with similar results by both one observer and between observers. The 

validity indicated that the test is with the goal of objective measurement, it is important to have 

assessors scoring animals accurately and reliably.  Studies are very good at describing scoring 

constructs (Leach et al., 2009; Flower and Weary, 2010; Gibbons et al., 2012), but very few 
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studies go into detail about the training, and the design of the training to reach high inter-rater 

agreement. Previous studies have explored training for various individual animal-based measures 

(ABM) including hock injury scoring (Gibbons et al., 2012), gait scoring/lameness (Thomsen et 

al., 2008; Gibbons, 2014), and body condition scoring (Vasseur et al., 2013). Studies have also 

examined the reliability of different scoring systems (Thomsen et al., 2007; Channon et al., 

2009). 

Assessor training is a useful tool to increase the accuracy of ABM assessments across 

farms, which helps to achieve consistent and valid results (Lievens, 2001). Studies have 

suggested that methods of scoring can be taught in a group format, and that these individuals can 

achieve high levels of repeatability between raters (Gibbons et al., 2014), yet to date, no studies 

have described the process of training numerous people for multiple animal-based measures at 

one time, which would be more reflective of the way assessments are likely to be conducted.   

 

To date, no studies have described in detail the amount of time spent teaching and 

practicing ABM assessment during the training period, which would be valuable information for 

future training program planning and implementation.  For example, it is important to know how 

to successfully teach, train, and acquire good agreement between multiple raters for accurate 

scoring and repeatability. Few studies describe the number of example cows required to teach 

and train, or other important details (e.g. videos required, live scoring attempts need, time 

required, and revision of scores). It would be useful to have a method to train assessors for 

animal-based measures as well as a method to determine inter-rater agreement and accuracy of 

the assessors.  
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Studies that report hock injuries or lameness using multiple assessors are usually limited 

to two assessors and a simple kappa or agreement score is reported. When multiple (more than 2) 

assessors are utilized, techniques begin to vary for describing inter-rater agreement. Some 

researchers report the percentage of pairs in agreement, or just the overall crude agreement, or 

the kappa agreement between the rater and an expert. Kappa is a family of statistical measures 

used to assess the inter-rater reliability between two different raters (Byrt, 1993; Cohen,1968) or 

among a group of raters (Fleiss, 1971) when they are assigning categorical ratings to specific 

outcomes. When Kappa statistical measures are used the agreement that occurs by chance alone 

is accounted for, and the reported score represent agreement beyond chance. To rigorously assess 

inter-observer reliability and accuracy of the scoring, it is recommended to calculate and report 

on Cohen’s Kappa between two raters (i.e. rater vs. expert), Fleiss’s Kappa when there are more 

than three raters, and Byrt’s Kappa when the prevalence of outcomes is low. In addition, 

reporting the raw percent agreement can be added for comparison. 

These kappa scores account for agreement beyond change, and a scale of poor (<0), slight 

(0.01-0.20), fair (0.21 -0.40), moderate (0.41-0.61) substantial (0.61-0.80), or almost perfect 

agreement (0.81-1.00) is used for reporting (Landis and Koch, 1977). Judgments about what 

level of kappa should be acceptable for health research are questioned, however most studies that 

score animal behavior use a cut-off of 0.61 (substantial agreement). 

 

Current Lameness and Hock Injury Prevalence 

 

International lameness estimates in dairy herds using gait scoring techniques are 

consistently reported to be between 20% and 55% when the lameness outcome includes mild to 
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severe lameness, rather than just severe lameness (Cook, 2003; Espejo et al., 2006; Z.E. Barker 

et al., 2010; von Keyserlingk et al., 2012).  

 

Globally, the mean dairy cattle herd level hock injury prevalence (HIP) ranging from 37- 

81% (e.g. Kielland et al., 2009; Lombard et al., 2010; Brenninkmeyer et al., 2013; Cook et al., 

2016a) , and in Canada HIP has been similarly reported, at 39 and 47% (Zaffino Heyerhoff et al., 

2014b; Jewell et al., 2019). These injuries range from small dried lesion to open sores, to major 

swelling (Gibbons et al., 2012; Nash et al., 2016a; Croyle et al., 2018), and are accepted as being 

painful (Huxley and Whay, 2006). The pain has been validated indirectly for the cows through 

inflammatory changes which have been measured using histologic and thermographic data 

(Haager, 2016).   

 

Multiple studies have reported farmer estimates of lameness. In 2011 dairy farms using 

freestall and tiestall systems had 1.8 and 4.1 times higher prevalence of lameness than the 

farmers estimated. Similarly, other studies have reported that farmers underestimate lameness in 

their herds (Whay et al., 2003; Espejo et al., 2006; Šárová et al., 2011). Despite prevalence 

studies and extension efforts, lameness and hock injury estimates do not appear to be declining 

over the last two decades, with various reports from around the world suggesting that one quarter 

to one half of milking dairy cows are either lame and/or injured.    

Animal-based risk factors for lameness and hock injuries 

 

The stage of lactation has been associated with injuries and lameness. Several studies 

have found that older cows have more hock injuries (Weary and Taszkun, 2000; Rutherford et 

al., 2008; Zaffino Heyerhoff et al., 2014c; Solano et al., 2015). This is likely because older cows 
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are inherently subjected to longer exposure to housing factors, such as minimal bedding on a 

hard surface, and they are also larger in body frame and weight.  Other studies have found 

lameness is associated with older cows (Espejo et al., 2006; Dippel et al., 2009; Solano et al., 

2015). In addition, studies have shown that one of the highest risk factors for lameness, is having 

been previously lame (Randall et al., 2018), which is more likely to occur as a cow gets older.  

 

The lying times of cows have been associated with hock injuries and lameness. As the 

incidence of knee swelling increases, dairy cattle have been shown to have reduced total daily 

lying times (Rushen et al., 2007; Zaffino et al., 2012; Nash et al., 2016). In general, lame cows 

spend more time lying down (Chapinal et al., 2009), and this may partially help to explain why 

lameness and hock injuries are associated. Swollen hocks have been associated with increased 

odds of lameness (Zaffino Heyerhoff et al., 2014; Nash et al., 2016) and similarly, lame cows 

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

2008). This link between hock injuries and lameness does not have a temporal relationship, and 

because these studies are cross-sectional it is difficult to determine which came first. 

 

There is a positive correlation between severe hock injuries and SCC (Fulwider et al., 

2007), indicating that cows with hock injuries, also had increased udder health issues. In addition 

hock injuries have been positively associated with clinical mastitis and teat injury (Sogstad et al., 

2006). The relationship between hock injuries and body condition is not clear. One study found a 

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

another study found that hock injuries where more prevalent in farms where cows were over 

conditioned (Regula et al., 2004). This differing relationship could also be confounded by cows 
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with outdoor and pasture access having fewer injuries, as cows that walk to pasture and eat more 

pasture grasses can have lower BCS compared to cows housed indoors.  The relationship 

between body condition and lameness has been investigated in much more depth. Cows with low 

BCS (≤2) are more likely to be treated for lameness (Green et al., 2014; Randall et al., 2015). 

These findings support the hypothesis that low BCS is associated with hoof lesions, possibly due 

to reduced digital cushion thickness, which has been correlated with low BCS (Bicalho et al., 

2009).  

 

Background on resting surfaces and cow comfort 

 

There are economic and welfare advantages to housing dairy cows inside, especially 

during extreme weather months (i.e. very hot or very cold) (Gillespie et al., 2009; Falk et al., 

2012). When cows are housed indoors, the design of the resting area becomes important as it can 

either positively or negatively affect cow welfare. Some of the measures of welfare can be 

addressed by exploring the ability of the cow to:  thermo-regulate  (Radoń et al., 2014; Perano et 

al., 2015; Wadsworth et al., 2015), perform natural behaviors (i.e. lie down for extended periods)  

(Fulwider and Palmer, 2004a; Tucker and Weary, 2004; De Palo et al., 2006),  lie down in 

certain positions  (Haley et al., 2000; Wagner-Storch et al., 2003), minimize leg injuries (de 

Vries et al., 2015; Lim et al., 2015; Nash et al., 2016a)  or minimize lameness (Andreasen and 

Forkman, 2012; Schütz et al., 2015; Foditsch et al., 2016). In addition, studies can also look at 

cow preference when given a choice between bed types in order to assess the cows’ affective 

(mental/experienced) states. (Tucker et al., 2003; Fulwider and Palmer, 2004b). 
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When cows are housed indoors, the softness and compressibility of the stall bed design 

are important as they relate directly to cow injuries (Manninen et al., 2002; Fulwider and Palmer, 

2004b). There is a positive effect of a deeper bedded lying area (either sand or straw) compared 

to harder lying areas (concrete, hard mats) on leg injuried, when the depth of the bedding on top 

of the harder lying areas is not accounted for (Weary and Taszkun, 2000; Wechsler et al., 2000; 

Vokey et al., 2001; Livesey et al., 2002). Deep bedding, such as deep sand , has been associated 

with greater total daily lying times and less frequent, longer bouts of lying, in a number of 

studies incorporating either univariable or multivariable analyses (Lombard et al., 2010; Cook et 

al., 2016b; Nash et al., 2016a). Deep bedding usually has the most favorable associations with 

lying behavior (Cook, 2003b; Ito et al., 2014; Solano et al., 2015), as cows prefer lying surfaces 

with ample bedding (Drissler et al., 2005; Tucker et al., 2009).  

 

Sand is not always readily available in certain geographical areas and may cause 

excessive wear on manure handling equipment. In addition, barns need infrastructure, including 

manure handling that can be adapted for sand. More permanent materials such as concrete are 

also commonly used as a freestall base, but concrete surfaces cause more leg abrasions unless 

covered or bedded (Gebremedhin et al., 1985). As a result, rubber mats and mattresses have been 

used as semi-permanent covering materials over the hard bases, and there are studies that show 

both pitfalls and benefits to using mattresses, which will be discussed in the comprehensive 

literature review on mattress use and cow comfort in chapter 2.  
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There are multiple ways to test and do research on stall design, and stall base products, 

each with advantages and disadvantages. Overall, the materials used for cow resting space have 

an influence on the cow, their behaviors and presence of injuries. It is important to evaluate lying 

surface materials on both the cost to the farmer and cow comfort.  Assessments and decisions 

regarding cows’ lying areas must consider the joint effects of the base, and the nature and depth 

of the bedding material on the base. By gathering more data on the effects of bedding depth on 

top of varies bases, farmers could be provided with best management practices for bedding on 

top of different bases available to them. Potentially, farmers could also be provided with more 

information for major infrastructure decisions when building a barn, especially if cow comfort is 

a major priority. 

The veterinarians’ role in animal welfare advice on farm 

 

Veterinarians are considered key members of the community who help ensure 

appropriate care of animals. Veterinarians are often on dairy farms every week or every other 

week. With lameness and hock injury levels repeatedly being recorded to affect one quarter to 

half of the cows, it is incumbent to investigate the role of the veterinarian in providing advice 

and communicating with farmers on the topic of lameness and hock injuries. Veterinarians and 

farmers have been reported to agree that “supporting animal health and welfare decisions” are 

major roles of the veterinarian on the farm (Hall and Wapenaar, 2012). In addition, veterinary 

oaths around the world capture animal welfare and animal health responsibilities of the 

veterinarian (Bones and Yeates, 2012). The American Veterinary Medical Association for 

example defines veterinary responsibilities by stating that the veterinary profession will swear an 

oath to protect animal health and welfare, and to relieve and prevent suffering (Bones and 

Yeates, 2012).  
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           Despite the expectations of welfare veterinarians have been reported to not use complete 

and appropriate analgesic protocols when dealing with painful procedures on farm (Winder et al., 

2016a). This could be due to the theory that professionals had responsibilities to 1) client, 2) the 

profession and colleagues within the profession, and 3) the public (Bayles, 1986), which may 

make it difficult for the veterinarian to only focus on the animals needs for good welfare. It is 

possible that theses responsibilities to the client make it difficult to discuss welfare topics with 

herds man. In human medicine, researchers identified that primary care clinicians perceived 

discussions on childhood obesity as adversely affecting the clinician-patient (caregiver) 

relationship, as it was viewed as a difficult and sensitive topic, where a caregiver may feel 

criticized (Walker et al., 2007) (Walker et al., 2007). 

            Although there are studies that describe the role of veterinary communication with 

farmers in improving health issues such as mastitis (Jansen and Lam, 2012), and studies that 

demonstrate veterinarians play an important role in subjective normal beliefs and motivation to 

change behaviors for hoof care (Bruijnis et al., 2013), there are no in depth qualitative 

publications investigating dairy producers’ expectations on the role of veterinarians as advisors 

for animal welfare issues (i.e. disbudding, lameness, and hock injuries). 

 Although there are studies that describe the role of veterinary communication with 

farmers in improving health issues such as mastitis (Jansen and Lam, 2012), and studies that 

demonstrate veterinarians play an important role in subjective normal beliefs and motivation to 

change behaviors for hoof care (Bruijnis et al., 2013), there are no in depth qualitative 

publications investigating dairy producers’ expectations on the role of veterinarians as advisors 

for animal welfare issues (i.e. disbudding, lameness, and hock injuries).There is some limited 

evidence through observation and discussion with veterinarians, that the responsibilities to both 
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the client and the animals can make discussions on animal welfare challenging for veterinarians 

(Morgan, 2009; Meijboom, 2018), but there is a gap in knowledge on the farmers’ perspectives. 

  

Objectives 

 

The objectives of this thesis are to 1) develop a training methodology for high repeatability and 

accuracy for assessing animal-based measures of welfare on dairy farms 2) estimate the current 

hock injury prevalence and understand associated risk factors for hock injuries on Canadian 

dairy farms 3) Estimate the current lameness prevalence and understand associated risk factors 

for lameness on Canadian dairy farms 4) Utilize qualitative measures to better understand how 

farmers want to discuss and receive advice on welfare issues on their farms. 
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CHAPTER 2: 

 

SHORT COMMUNICATION SUMMARIZING LITERATURE ON  

MATTRESS USE AS A RESTING SURFACE FOR COW COMFORT 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



22 
 

Introduction 

 

Because mattresses are so widely used in the dairy industry, and there is mixed evidence 

as to their efficacy in achieving positive welfare outcomes for dairy cows, an objective literature 

review of the use of mattresses in dairy cattle housing was performed. The review addresses key 

concepts, types of evidence, and gaps in research focused on the topic of mattresses as a lying 

base for dairy cattle and their impact on cow comfort.  A systematic search of literature was 

performed to synthesize existing literature. 

Topics included for literature search on mattress 

 

The key cow comfort issues investigated  included risk factors for injury, risk factors for 

lameness, effects on lying time, effects on cow comfort indices (a measure created from a 

combination of values), cow preference studies, effects on production (milk yield), and effects on 

thermo-regulation. Studies included in the search, investigated the use of mattresses on dairy 

cows housed in both free and tiestall systems, dairy cows in calving pens, dairy bulls, and dairy 

calves. 

Inclusion Material 

 

Articles included come from published refereed journal sources only, meaning that all 

included research has been reviewed by experts in the field before the article was published in a 

journal in order to insure the article's quality. Grey literature was not be included, meaning that 

materials and research produced by organizations outside of academic publishing was not 

included in this report. In addition, the review on mattress does not include reports on the 

economics of various bedding bases (i.e. cost of mattress base maintenance vs. sand bed 
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maintenance). Only articles written in English or have abstracts prepared in English have been 

included.  Table of search parameters including Boolean search terms (i.e. cow comfort terms), 

inclusion materials, and years of search are included in Table 2.1. 

 

Types of mattress studies found in literature review 

 

The majority of mattress studies that pertain to cow comfort are studies that investigate 

hock injuries (29%), lameness (21%), preference test (11%), and lying time (11%). The detailed 

pie chart for mattress studies by cow comfort parameters can be seen in Figure 2.1. When 

exploring mattresses and cow welfare, some of the most common study designs reported in peer 

reviewed articles are cross-sectional studies, preference tests, and case studies. In a literature 

review using Agricola and PubMed databases (through June 2017), 56 relevant articles were 

generated. Within the 56 articles, most studies were cross-sectional (43%), followed by a 

combination of case studies (24%) and preference tests (13%) (Figure 2.1) 

 

Cross-sectional Studies for Mattresses 

 

Observational cross-sectional designs are studies where factors such as lameness and 

hock injuries are explored at the same time that data are collected for resting area surface. This 

type of study shows associations and not causal relationships, because it is difficult to understand 

temporal context. The variability in bedding material is dependent on geographical factors (Ito et 

al., 2014), which makes it difficult to study the interaction between bedding quantity and 

bedding type in large observational studies which compare many farms across large regions. The 

extent/severity of hair loss lesions and the prevalence of lameness is associated with the comfort 

of the bedding material provided to the cow. However, the resting area under a cow can be 
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complex as the lying surface consists of multiple components:  the stall base, the bedding 

material placed on the base (i.e. mattress, sand, sawdust) and the depth of bedding material 

provided (i.e. centimeters of bedding). This creates major challenges when exploring farms 

across regions, as there are many possible combination of those components (Lim et al., 2015). 

Some examples include:  

 

1) Higher prevalence of lame cows in herds with mattresses compared to deep 

bedding.(Cook et al., 2004a; Ito et al., 2010; Solano et al., 2015; Nash et al., 2016a) 

These types of studies often combine mattress and mats into one category to maintain 

power with analyses, which may make mattresses appear worse, since preference 

studies have shown that cows prefer mattresses over mats (Husfeldt and Endres, 

2012).  

2) Studies have found fewer leg injuries if the animals were kept in freestalls with 

mattresses or deep bedded sand compared to hard rubber mats (Livesey et al., 2002; 

Norring et al., 2008; Husfeldt and Endres, 2012; Zaffino Heyerhoff et al., 2014b) 

3) Other studies did not find differences in lesions between softer mats and  harder 

rubber mats, or saw that concrete performed better than mattress for hock injuries 

(Chaplin et al., 2000; Zaffino Heyerhoff et al., 2014b). When concrete is associated 

with fewer injuries, it is typically because the amount of bedding on top of the base 

was not accounted for as a variable. 

4) Other studies have found that mats and mattresses have more abnormal lying 

behaviors when compared to deep bedded stalls (Dippel et al., 2009). 

 

A concern with cross sectional studies is that researchers do not always make it clear how much 

bedding was present on top of a stall surface, or what type of bedding was present on the stall 

surface, especially when using mats or mattresses (Wechsler et al., 2000; Andreasen and 

Forkman, 2012; Brenninkmeyer et al., 2013; Ito et al., 2014). It is likely because of these factors 
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that base-type exploration results  in a significant differences that show both benefits and pitfalls 

when comparing concrete,mattresses, and rubber mats. For example, the concrete may be 

concrete with a sprinkle of bedding, or with 9 cm of sand.   

 

A limitation of a cross sectional study is that it only determines the relationship between 

the cow welfare factors and measured on farm variables at one point in time (i.e.  the bedding 

measured on that one day). It is difficult to determine the temporal relationship between the 

exposure variable (i.e. amount of bedding on one day) and the outcome (i.e. hock injuries). In 

addition, making comparisons between observational studies is difficult because researchers 

classify variables differently (i.e. ‘deep bedding’, or ‘mattress’ including or not including hard 

rubber mats).  

 

Preference Studies for Mattresses  

 

There are very few “1 farm unit” experimental studies that explore mattress in terms of 

cow comfort. Scientists use preference tests as an experimental way of determining cow comfort. 

Measures of behavior, including time spent lying and standing and behavior before lying down, 

and measures of preference, such as the amount of time spent in a given option have all been 

used to evaluate how dairy cattle perceive their environment. Some examples from preference 

tests are given: 

 

1)  Cows have been observed to lay down more often on soft rubber mats than in 

concrete stalls (73 vs. 18 observations per day) and cows showed no overall 

preferences between rubber mats and sand stalls (50 vs. 40 observations per day). 

(Norring et al., 2010) In this same study, when cows were forced onto only 1 type of 
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bedding the total duration of lying was higher on the rubber mat (768 min/d) 

compared with concrete (727 min/d) or sand (707 min/d) (P = 0.018).  

2) Cows preferred to spend more time lying (min/d) on EVA mats when compared to 9 

centimeters of manure solids or 9 centimeters of wood chips (P < 0.01)(De Palo et al., 

2006).  

3) When cows were given multiple mattress types, a Pasture mat with a foam layer had 

longer lying times compared with harder rubber mats (Fulwider and Palmer, 2004b). 

4) Foam mattresses and rubber filled mattresses were preferred to plain rubber mats 

(Fulwider and Palmer, 2004a) . 

5) When animals had a choice between geotextiles mattress with 0 kg, 1 kg, or 7.5 kg of 

bedding, that majority of cows spent the majority of their time on stalls bedded with 

7.5 kg of sawdust (Tucker and Weary, 2004) 

6) Cows preferred deep bedded sawdust over deep sand and mattress stalls. Because the 

average temperature during this experiment was 11.2 degrees Celsius, cows may have 

preferred deep sawdust over deep sand for warmth (Tucker et al., 2003) 

7) After 44 cows were tested on each bedding type for 4 weeks in winter and 3 weeks in 

the summer, in both seasons there was a preference for soft rubber mats (thin layer of 

straw on top) and concrete (deep straw on top) when compared to 2-3 mm of sand.  In 

the winter, straw was preferred over rubber mats (Manninen et al., 2002). 

8) When cows were given a choice to select stalls (carpeted, harder rubber mat, or 

layered mat), layered mat stalls were most frequently selected (Natzke et al., 1982). 

 

There are strengths and limitations to preference tests. A major advantage of preference 

tests is that we can gain objective data about the cows’ motivations from the animals’ 

perspectives, without much human influence. A limitation to preference testing is that it only 

gives an indication of relative preferences for the offered bed types (i.e. the bed types the 

researcher chooses to offer). Some common factors that can affect preference test results may 

include, cows’ past experience with previous surface types ( Petherick et al., 1990), changing 

weather conditions ( Falk et al., 2012), the amount of bedding present on the various stall 
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bases,(Tucker and Weary, 2004) bedding moisture, and the compressibility of the resting area 

surface (Kettlewell et al., 2001).   

 

Case Studies for Mattresses 

Case studies are useful for capturing realistic situations, as they retain the “noise” of a 

farm setup (i.e. unique characteristics of each farm), but as a result it is difficult to exclude other 

unwanted variables, some of which may have real significance for cows’ behaviors or the 

outcome measure the researcher is interested in. Case studies are in-depth analysis of one study 

unit such a single farm using two pens with different stall types, or a comparison of 2 farms 

using a single stall type. Due to the nature of stall design, a majority of comparisons between 

pens or between two farms become case studies. Because most mattresses and waterbeds are 

placed down as ‘sheets’ covering a row of stalls, that group of stalls has a ‘unit of measure’ (n = 

1) for research purposes. Whether the row has 3 stalls or 30 stalls the group has an n of 1 because 

the stalls are grouped together. Lying time and lying behaviors are heavily influenced by external 

factors such as distance to the parlor, length of milking, or proximity to a water trough or brush. 

Because of these influential factors, each group of stalls has to be lumped together when 

analyzed. This makes an experimental trial very difficult as it is hard to build a sand stall next to 

a rubber mat next to a straw pack for a large group of cows to use. Some of the case study results 

are given below: 

1) When cows were forced onto only 1 type of bedding the total duration of lying was 

higher on the rubber mat (768 min/d) compared with concrete (727 min/d) or sand 

(707 min/d) . All floor types has 2 kg of straw on top. (Norring et al., 2010) 

2) When four groups of 8 cows were forced to rest on (polyethylene vinyl acetate) EVA 

mats, (polypropylene vinyl acetate) PVA mats, 9 cm of wood chips of or 9 cm  
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manure solids, there was no difference in lying times between the four groups. (De 

Palo et al., 2006) 

3) When cows were restricted to 3 geotextile stalls with either 0 kg ,1 kg, or 7.5 kg of 

bedding, lying times were lowest on bare mattresses and highest in stalls with 7.5 kg 

of bedding. The number of lying bouts followed the same pattern, and there was no 

difference in the average duration of lying bouts. (Tucker and Weary, 2004) 

4) When cows were restricted to either dual chamber water beds or rubber crumb filled 

mattresses, milk yield was not significantly different.  Lying time was greater for 

cows housed on waterbeds (10:32 ± 0:13 h/d) than for cows housed on rubber filled 

crumb mattresses (9:47 ± 0:15 h/d). Rumination time was greater for cows housed on 

mattresses (6:44 ± 0:08 h/d) compared with cows housed on waterbeds (6:29 ± 0:08 

h/d). Hock scores were lesser on cows housed in the waterbed freestall barn (1.86 ± 

0.03) compared with cows housed in the mattress freestall barn (1.97 ± 0.04)(Jones et 

al., 2017) 

5) One farm showed that rubber crumb mattress had fewer hock and knee injuries 

compared to EVA mats. However, another farm showed no difference in injuries. 

(Kettlewell et al., 2001) 

 

Some of the common issues with external validity of case studies are that  the study is 

very specific and heavily influenced by the factors on that one farm (i.e. milking times, amount 

of bedding used on top of a mattress, current temperature), and does not necessarily resonate in 

other farm settings. Care needs to be taken when attempting to generalize from the findings of 

case studies. While there is no inherent flaw in case study design that precludes its broader 

application, their results and analysis should be considered within existing research findings that 

have been generated from other research designs.  

Conclusions from the mattress studies 

 
There are multiple ways to test and do research on stall design, and stall base products, 

each with advantages and disadvantages. Overall, the materials used for cow resting space have 
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an influence on the cow, their behaviors and presence of injuries. It is important to evaluate lying 

surface materials not only on cost to the farmer but also on cow comfort.  Assessments and 

decisions regarding cows’ lying areas must consider the joint effects of the base, and the nature 

and depth of the bedding material on the base. By gathering more data on the effects of bedding 

depth on top of varies bases, farmers could be provided with best management practices for 

bedding on top of different bases available to them. Potentially, farmers could also be provided 

with more information for major infrastructure decisions when building a barn, especially if cow 

comfort is a major priority.  
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Table 2.1. Search parameters for a comprehensive review of studies investigating mattresses as 

they pertain to cow comfort parameters. 

Subject Parameters 

Search terms 

(AND, OR, NOT) 

and truncation  

(dairy OR cattle OR cows) AND (mattress OR mat OR waterbed OR (gel mat) OR (foam 

mat)OR (rubber mat)) AND (welfare OR (animal care) OR (cow comfort) OR injury OR 

injuries OR (lying time) OR (lying bout) lameness OR (milk yield) OR thermo-regulation 

OR (heat stress) OR preference) NOT suture 

 

Databases 

searched 

PubMed, Agricola 

Part of journals 

searched 

Keywords,  abstract, title, body  

Years of search 1944- June 2017 

Language English  

Types of studies to 

be included 

Quantitative and Qualitative 

Inclusion criteria Published refereed journal sources only, meaning that all included research has been 

reviewed by experts in the field before the article were published in a scientific journal in 

order to insure the article's quality.  

 

Studies that investigated mattresses as a lying base for cattle and their impact on cow 

comfort. 

 

The key cow comfort issues to be investigated will include risk factors for injury, risk 

factors for lameness, effects on lying time, effects on cow comfort indices (a measure 

created from a combination of values), cow preference studies, effects on production (milk 

yield),  and effects on thermo-regulation.  

 

Studies that investigated the use of mattresses in resting areas for dairy cows in both free 

and tiestall housing, dairy cows in calving pens, dairy bulls, and dairy calves. 

 

Exclusion criteria  Grey literature was not be included, meaning that materials and research produced by 

organizations outside of academic publishing was not included in the review. 

 

 In addition, the review will not include reports on the economics of various bedding bases 

(e.g.  cost of mattress base maintenance vs. sand bed maintenance).  

 

Foreign articles- only articles written in English or that have abstracts prepared in English 

will be included.  
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Table 2.2 List of all articles that fit search criteria from table 2.1. All non-bolded articles were considered irrelevant for mattress 1 
review, as mattresses or mats were not evaluated as a specific variable 2 

 TITLE YEAR 

   

   

1 Case Study: Characterization of milk yield, lying and rumination behavior, gait, 

cleanliness, and lesions between 2 different freestall bases 

2017 

2 Management characteristics, lameness, and body injuries of dairy cattle housed in 

high-performance dairy herds in Wisconsin. 

2016 

3 Lameness prevalence and risk factors in large dairy farms in upstate New York. 

Model development for the prediction of claw horn disruption lesions 

2016 

4 Associations of selected bedding types with incidence rates of subclinical and clinical 

mastitis in primiparous Holstein dairy cows. 

2016 

5 Prevalence of and risk factors for hock and knee injuries on dairy cows in tiestall 

housing in Canada 

2016 

6 Sand bedded freestall and compost bedded pack effects on cow hygiene, locomotion, and 

mastitis indicators 

2016 

7 Effects of space allowance on the behavior and physiology of cattle temporarily 

managed on rubber mats 

2015 

8 Area of hock hair loss in dairy cows: Risk factors and correlation with a categorical 

scale  

2015 

9 Production and physiological responses of heat-stressed lactating dairy cattle to 

conductive cooling. 

2015 

10 Stall cleanliness and stall temperature of two different freestall bases. 2015 
11 Housing and management factors associated with indicators of dairy welfare 2015 
12 Can automated measures of lying time help assess lameness and leg lesions on tiestall dairy 

farms? 

2015 

13 Evaluation of conductive cooling of lactating dairy cows under controlled environmental 

conditions. 

2015 

14  Prevalence of and factors associated with hock, knee, and neck injuries on dairy cows 

in freestall housing in Canada. Journal of dairy science 

2014 

15 Associations between herd-level factors and lying behavior of freestall-housed dairy 

cows. 

2014 



32 
 

16 Short communication: Flooring preferences of dairy cows at calving. 2014 
17 Computational model of heat exchange between dairy cow and bedding 2014 
18 Nonnutritional Factors Influencing Response to the Nutritional Program 2014 
19 Hock lesion epidemiology in cubicle housed dairy cows across two breeds, farming 

systems and countries 

2013 

20 Measures to improve dairy cow foot health: consequences for farmer income and 

dairy cow welfare. 

2013 

21 A Finite Difference Model to Determine Conduction Heat Loss to a Water-Filled 

Mattress for Dairy Cows 

2013 

22 Effects of two substrate types on the behaviour, cleanliness and thermoregulation of dairy 

calves 

2013 

23 The welfare of dairy cows is improved in relation to cleanliness and integument 

alterations on the hocks and lameness when sand is used as stall surface 

2012 

24 Association between stall surface and some animal welfare measurements in freestall 

dairy herds using recycled manure solids for bedding 

2012 

25 Preference for pasture versus freestall housing by dairy cattle when stall availability 

indoors is reduced 

2012 

26 Manageable risk factors associated with the lactational incidence, elimination, and 

prevalence of Staphylococcus aureus intramammary infections in dairy cows. 

2012 

27 Management and characteristics of recycled manure solids used for bedding in Midwest 

freestall dairy herds. 

2012 

28 Lying patterns of high producing healthy dairy cows after calving in commercial herds as 

affected by age, environmental conditions and production 

2012 

29 A study on cow comfort and risk for lameness and mastitis in relation to different 

types of bedding materials 

2011 

30 Risk factors associated with hair loss, ulceration, and swelling at the hock in freestall-

housed UK dairy herds. 

2011 

31 Lying behavior as an indicator of lameness in dairy cows. 2010 
32 Associations between cow hygiene, hock injuries, and freestall usage on US dairy 

farms. 

2010 

33 Preferences of dairy cows for three stall surface materials with small amounts of 

bedding 

2010 
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34 Assessment of lameness prevalence and associated risk factors in dairy herds in England 

and Wales 

2010 

35 Effects of sawdust bedding dry matter on lying behavior of dairy cows: a dose-dependent 

response. 

2010 

36 Risk factors for lameness in cubicle housed Austrian Simmental dairy cows 2009 
37 Relative importance of factors influencing the prevalence of lameness in Austrian 

cubicle loose-housed dairy cows 

2009 

38 Prevalence and risk factors for skin lesions on legs of dairy cattle housed in freestalls 

in Norway. 

2009 

39 Laterality of lying behaviour in dairy cattle 2009 
40 The influence of the environment on dairy cow behavior, claw health and herd lameness 

dynamics 

2009 

41 Management practices associated with udder health of first-parity dairy cows in early 

lactation 

2009 

42 Lying behavior: assessing within and between-herd variation in freestall-housed dairy cows 2009 
43 Herd and cow-level prevalence of sole ulcers in The Netherlands and associated-risk 

factors 

2008 

44 Survey of dairy management practices on one hundred thirteen north central and 

northeastern United States dairies. 

2008 

45 What Happens with Cow Behavior When Replacing Concrete Slatted Floor by Rubber 

Coating: A Case Study 

2008 

46 Effects of sand and straw bedding on the lying behavior, cleanliness, and hoof and hock 

injuries of dairy cows. 

2008 

47 Management Factors Associated with Impaired Locomotion in Dairy Cows in 

England and Wales 

2007 

48 Influence of freestall base on tarsal joint lesions and hygiene in dairy cows. 2007 
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 6 
 7 
Figure 2.1 The distribution of cow comfort (welfare indices) in 56 studies that included 8 
mattresses or mats as a variable within the study (years 1944-2017). 9 
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 20 
 21 
Figure 2.2  The distribution of study designs in 56 studies for cow comfort or welfare, where 22 
mattresses or mats were included as a variable within the study (years 1944-2017). 23 
 24 
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TRAINING METHOD FOR ANIMAL-BASED MEASURES IN  46 

WELFARE ASSESSMENTS IN DAIRY CATTLE 47 

 48 

ABSTRACT 49 

 50 
Quantitative assessments of animal welfare are increasingly being used in the dairy 51 

industry. It is important to have good precision and accuracy within and among assessors. This 52 

study explored the effectiveness of a three-day training workshop for Animal-Based Measures 53 

(ABM) of welfare in dairy cows, in which 14 people were trained to evaluate six ABM: hock 54 

injuries (HOCK), lameness (GAIT), body condition score (BCS), and udder, flank, and leg 55 

cleanliness (collectively CLEAN). All scoring systems were modified to a dichotomous 56 

outcome, acceptable or unacceptable: acceptable HOCK: no swelling and/or hair loss; 57 

unacceptable HOCK: swelling and/or scab; acceptable BCS: > 2, on a 5-point scale; 58 

unacceptable BCS: ≤ 2. Acceptable CLEAN: up to minor splashing; unacceptable CLEAN: 59 

distinct plaques to a solid manure plaque. GAIT was evaluated using locomotion score (LS) or 60 

in-stall lameness score (SLS) in tiestalls; unacceptable GAIT: ≥ 3 (LS) on a 5-point scale, where 61 

3 equals mild lameness or ≥ 2 of 4 behavioral SLS indicators were detected. Classroom 62 

instruction took place on day one of training. Day two consisted of group assessment of GAIT (n 63 

= 25 cows), and HOCK/CLEAN/BCS (n = 30 cows), and individual assessment of 64 

HOCK/CLEAN/BCS (n = 20 cows) were performed. Day three included individual assessments 65 

of HOCK/CLEAN/BCS (n = 33 cows), and individual video assessment of GAIT (n = 27 cows). 66 

An additional training video for GAIT was sent to trainees three weeks after the workshop, and 67 

another follow-up assessment of GAIT took place via video (n=37 cows). Repeatability and 68 

accuracy of the trainees was assessed using Fleiss’s Kappa (FK) and Byrt’s Kappa (BK) to 69 
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examine group-level inter-rater agreement and expert-trainee agreement, respectively. Kappa 70 

systems use a scale of poor (<0), slight (0.01 to 0.20), fair (0.21 to 0.40), moderate (0.41 to 0.61) 71 

substantial (0.61 to 0.80), or almost perfect (0.81 to1.00). At the conclusion of the workshop, FK 72 

= 0.66 for HOCK and 0.43 for GAIT, and BK mean = 0.85 (0.63 to 1.00) for HOCK and 0.66 73 

(0.56 to 0.85) for GAIT. Each trainee achieved perfect agreement for BCS; BK mean 1.00 (1.00 74 

to 1.00), and each trainee achieved almost perfect agreement for CLEAN; BK mean 0.90 (0.82 to 75 

0.94). After the follow-up video and three weeks of experience, trainees achieved a FK = 0.66 76 

and a BK mean = 0.74 (0.62 to 0.89) for GAIT. In conclusion, multiple assessors can achieve 77 

substantial agreement for ABM with adequate training.  78 

Key words: lameness, hock injuries, inter-rater reliability 79 

 80 

INTRODUCTION 81 
 82 

There is increased interest in scoring groups of cows using animal-based measures 83 

(ABM) such as hock injury, lameness, cleanliness, and body condition to assess welfare on dairy 84 

farms for the purposes of research, consulting, animal welfare auditing and benchmarking 85 

(Rushen et al., 2012; Whay et al., 2003; Vasseur et al., 2013). Previous studies have explored 86 

training for various individual ABM including hock injury scoring (Gibbons et al., 2012), gait 87 

scoring/lameness (Thomsen et al., 2008; Gibbons, 2014), and body condition scoring (Vasseur et 88 

al., 2013).  To date, no studies have explored training protocols for cleanliness of the leg, flank, 89 

and udder. Assessor training is a useful tool to increase the precision and accuracy, thereby 90 

providing more consistent and valid results across farms. This allows the assessment to yield the 91 

same results with different assessors, and that these results reflect the assessment of an expert in 92 

the field (Lievens, 2001). It has been suggested that methods of scoring can be taught in a group 93 
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format for injury scoring in dairy cattle, and that these individuals can achieve high levels of 94 

repeatability between raters (Gibbons et al., 2014). To our knowledge, no studies have described 95 

the process of training numerous people for multiple ABM at one time, which would be more 96 

reflective of the way assessments and training are likely to be conducted. Additionally, no 97 

studies have described, in detail, the amount of time spent teaching and practicing during the 98 

training process, which would be valuable information in order to replicate training programs 99 

and achieve similar results. To more rigorously assess inter-observer reliability and accuracy of 100 

the scoring, it is recommended to calculate Cohen’s Kappa between two raters (i.e. rater vs. 101 

expert), Fleiss’s Kappa when there are more than three raters, Byrt’s Kappa when the prevalence 102 

of outcomes is low, as well as reporting the raw percent agreement for comparison. A new 103 

program in Canada requires that all Canadian dairy farmers have an assessment done for key 104 

ABM. Veterinarians are expected to help farmers in their role as advisors, however there is no 105 

current training format to prepare advisors for all the required ABM. This study’s objective was 106 

to explore the effectiveness of a three-day training workshop for Animal-Based Measures 107 

(ABM) of welfare in dairy cows, in which 14 people could be trained to evaluate 6 ABM: hock 108 

injuries (HOCK), lameness (GAIT), body condition score (BCS), and udder, flank, and leg 109 

cleanliness (collectively CLEAN). The aim of the study is to provide a training format for future 110 

workshops in order to promote high accuracy and inter-rater agreement for multiple measures of 111 

animal welfare. 112 

METHODS 113 

Scoring Constructs 114 

While it is recognised that there are multiple scoring systems available for each ABM, 115 

the methodology for this study was derived from Dairy Farmers of Canada’s proAction® Animal 116 
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Care Assessment, because this is the uniform scoring system implemented in a mandatory, 117 

industry-wide Canadian program (Dairy Farmers of Canada, 2015). All detailed scoring 118 

protocols discussed below were taken directly from Canadian Dairy Research Portal’s Animal 119 

Comfort Tool; section “How to score injury, cleanliness, body condition, and lameness” 120 

(Canadian Dairy Research Portal, 2018). The methods have been previously validated (Domecq 121 

et al 1995; Chapanal et al., 2009; Gibbons et al., 2014) and adapted from the Canadian Code of 122 

Practice for the Care and Handling of Dairy Cattle (National Farm Animal Care Council, 2009) 123 

and from Gibbons et al. (2012) and Vasseur et al. (2013). The training workshop described in 124 

this manuscript was used to train assessors for the National Dairy Study 2015 (Bauman et al., 125 

2017). The workshop was designed to train 14 assessors over a three-day period for the six 126 

ABM: hock injuries (HOCK); lameness in freestall and tiestall facilities (GAIT); body condition 127 

(BCS); udder cleanliness; flank cleanliness; and leg cleanliness (CLEAN). Six weeks after the 128 

original training, inter-rater agreement for GAIT was assessed again, due to lower inter-rater 129 

agreement at the end of the three-day workshop when compared to other ABMs.  130 

 131 

All scoring systems were modified prior to the start of the workshop so that the 132 

score/outcome was classified as acceptable or unacceptable, creating dichotomous outcomes for 133 

all ABM. Two-point systems have been shown to improve agreement among trainees, and are 134 

the method for the national proAction® Animal Care Assessment Program in 2017 (Knierim, 135 

2009; Dairy Farmers of Canada, 2015). A simplified breakdown of the dichotomous scoring 136 

system for each ABM is presented in Table 3.2. The gait of cows housed in freestalls was 137 

evaluated on a 5-point lameness scale, where the acceptable threshold was less than three 138 

(Flower and Weary 2006). Cows that were housed in tiestalls were evaluated using in-stall 139 
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lameness scoring (SLS) (Leach et al., 2009). A video that describes the LS and SLS with 140 

example behaviors can be found at www.nationaldairystudy.ca in the video resource section. The 141 

SLS detection protocol has been shown to be a valid measurement for lameness when compared 142 

to gait scoring (Gibbons et al., 2014; Palacio et al., 2017). 143 

 144 

Training Workshop Participants 145 

All training was carried out by one of the authors (CGRN), an experienced dairy welfare 146 

assessor who had received intensive welfare training and had professionally evaluated more than 147 

200 herds at the time of this study using the same methods. This trainer was labelled as the 148 

“expert” in this study.  The primary investigator (SLC), who was individually trained by the 149 

expert prior to the workshop, also provided training assistance and workshop coordination. The 150 

14 trainees were undergraduate university students (n = 3), veterinary students (n = 7) and 151 

veterinary technicians (n = 4) from the 5 Canadian Colleges of Veterinary Medicine and had a 152 

range of minimal or moderate to no previous training on evaluating these ABM. The purpose of 153 

the training was to standardize the welfare scoring methodology to be used as one part of the 154 

comprehensive National Dairy Study (Bauman et al., 2017). 155 

 156 

 Training Methodology 157 

A three-day workshop was used to train and evaluate assessors for accuracy (ability to correctly 158 

identify an ABM) and inter-rater agreement. An additional training and practice video for GAIT 159 

was sent to the trainees three weeks after the workshop, and a follow-up assessment was 160 

performed six weeks after the workshop. The training method was broken into sessions A 161 

through L, described in Table 3.1, which highlights specific activities conducted during training 162 
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period. Table 3.1 also provides the time allotted and the location required for each session, and 163 

the number of cows or the number of cow images/videos used. The sample size for cows tested 164 

was based on availability of resources, time, and confidence while undertaking training, that 165 

trainees were understanding the concepts. For the sessions that were analyzed for agreement, a 166 

minimum sample size of 20 was used as recommended in the Handbook of Inter-rater Reliability 167 

(Gwet, 2014). Specific details from sessions listed in Table 3.1 are described below, to both 168 

clarify methods and describe the parts of the training that were emphasized during the workshop. 169 

 170 

Day one: Sessions A through D included background education and scoring protocol 171 

overviews for each ABM, lasting approximately 3 hours. During this session, instruction for each 172 

ABM followed the same template: 1) protocol overview with written and graphic description of 173 

each score for the ABM, 2) diagrams and photos to explain where the assessor should stand 174 

depending on farm layout, 3) overview of the data entry process (spreadsheets on tablet 175 

computers), and 4) interactive learning. The interactive learning was conducted through group 176 

quizzes using projected images and video, where the 14 trainees were asked to vote by a show of 177 

hands if they would score a cow as acceptable or unacceptable for each ABM. These show-of-178 

hands sessions were only one part of the training and occurred before individual testing in order 179 

to promote discussion and highlight discrepancies between trainees. In this way, trainees could 180 

practice with immediate feedback from the trainers. During the group quizzes, images or video 181 

were displayed, incorporating a range of all possible scores. The distribution of cow scores 182 

shown during image and video projection was 50 % unacceptable and 50 % acceptable for each 183 

ABM category.  Following the group quiz, dialogue took place between the trainees and the 184 

expert to discuss, and ultimately resolve, any discrepancies in scores given. 185 
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  186 

During sessions A, B, C and D training emphasis was placed on the acceptable or 187 

unacceptable cut-offs for each ABM.  For hocks, the focus was between a score of 1 and 2, 188 

giving attention to broken skin or scabs, where the expert described in detail that a very small 189 

scab received the same ‘unacceptable’ score as a much larger open lesion. In addition, the expert 190 

emphasized investigating the hocks by touch, because a piece of manure in a photograph or 191 

during live scoring can look like a scab. During session B, which focused on BCS, emphasis was 192 

placed on recognizing the cut-off for ‘2’ or ‘> 2’, using images to highlight the corrugations 193 

along the short ribs.  In session C, which addressed cleanliness scoring for flank, legs, and 194 

udders, emphasis was placed on distinguishing a splash from manure plaques. The majority of 195 

day one was spent on session D, lameness scoring for both LS and SLS. Emphasis was placed on 196 

distinguishing a cow with a LS score of 2 (no limp) from a cow with LS of 3 (slight limp). 197 

 198 

Day two: Sessions E, F, G, and H (Table 3.1) took place at the same dairy farm. Session 199 

F had each trainee individually assess cows (n = 20) in tiestalls for all ABM except lameness. To 200 

begin, all trainees simultaneously stood behind a different cow, and then moved to the next, until 201 

all cows were scored.  These 20 cows were not the same cows used in practice session E, and 202 

thus the trainees were naïve to this cow population for testing purposes. Lameness was not 203 

assessed due to the perceived distress and inaccuracy of re-evaluating each cow 14 times in 204 

succession using the SLS technique. This is one of the practical limitations to live scoring cows 205 

for in-stall lameness during training. The scores from session F generated the data for the day 206 

two agreement scores in the hock evaluations (Table 3.3). Sessions G and H consisted of expert-207 

driven LS and SLS review and practice.  Cows were observed in session H, (LS; n = 10, SLS; n 208 
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= 5) by the entire trainee group at one time. The expert and the principal investigator moved a 209 

cow, students were asked to indicate if they scored the cows as acceptable or unacceptable. The 210 

expert explained the rationale for the score given and discrepancies were discussed.  211 

 212 

Day three: During session I, trainees individually evaluated all ABM except GAIT, on 213 

cows (n = 33) in a freestall barn using headlocks using the same rotation method as session F. 214 

This session generated data for the day three agreement scores for the hock evaluations (Table 215 

3.3). Session J took place in a classroom, where trainees performed LS (n = 20) and SLS (n = 7) 216 

for videos of 27 cows. Results from this session were used to generate “Lameness Evaluation 1 217 

(LE1)” scores (Table 3.4).  218 

 219 

At the conclusion of the three-day workshop, an initial assessment of Kappa scores gauged inter-220 

rater agreement to determine if further training was required. A follow-up training and practice 221 

video (Session K) was sent to trainees 3 weeks after the workshop, before trainees began work in 222 

the field. The video reviewed both LS and SLS techniques (n = 16) and provided (n = 9) practice 223 

cows. Six weeks after the workshop, and three weeks into field collection, all trainees actively 224 

involved in lameness evaluation during the National Dairy study (n = 13) took part in session L. 225 

Session L consisted of another video assessment where trainees assessed cows (n=37) for GAIT. 226 

This session occurred four weeks into the National Dairy Study data collection (6 weeks after 227 

initial training), and was used to ensure that assessors were accurately identifying ABM and that 228 

high inter-rater agreement was maintained.  The scores given by the trainees to the cows in the 229 

video session generated the data for “Lameness Evaluation 2 (LE2)” (Table 3.4).  230 

 231 
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Statistical Methods 232 

The training assessment results were evaluated for agreement using tests that measure 233 

accuracy and inter-rater reliability of the trainees. Kappa is a statistical measure that assesses 234 

the inter-rater reliability between two different raters (Byrt, 1993; Cohen, 1968) or among a 235 

group of raters (Fleiss, 1971) when they are assigning categorical ratings to specific outcomes.  236 

Kappa systems use an agreement scale of poor (<0), slight (0.01-0.20), fair (0.21-0.40), moderate 237 

(0.41-0.60) substantial (0.61-0.80), or almost perfect (0.81-1.00) (Landis and Koch, 1977). The 238 

effectiveness of the training was evaluated after each assessment by calculating Byrt’s Kappa 239 

between each trainee and the expert to look at trainee-expert agreement. Byrt’s Kappa was the 240 

most appropriate inter-rater agreement test for the data set due to cow score distributions during 241 

on-farm scoring.  However, Cohen’s Kappa was also reported for the final inter-rater agreement 242 

session as a best practice for reporting, and as useful comparison to other studies where Cohen’s 243 

Kappa is used. The effectiveness of the training was also assessed by Fleiss’s kappa to determine 244 

group-level inter-rater agreement among the assessor group (more than two raters). In addition, a 245 

t-test was used to examine the mean difference in the Byrt’s Kappa between day two and day 246 

three for HOCKS and between day three and week six for GAIT. This test was done to 247 

demonstrate whether the trainees had significantly improved between the two testing sessions.  248 

The Kappa scores for BCS and cleanliness of the leg, flank, and udder were already very high on 249 

both day 2 and 3 (Table 3.5) and therefore detailed individual expert-trainee improvement 250 

between days was not reported. For both the first and second analyzed hock evaluations (Table 251 

3.5) the trainee and expert were compared using multiple methods. Crude percent agreement was 252 

calculated, which is simply the sum of all responses where both the expert and trainee agreed in 253 

scoring an ABM as acceptable or unacceptable. In addition, the trainee and expert were 254 
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compared using Byrt’s and Cohen’s Kappa which both account for agreement by chance. The 255 

Kappa analyses were calculated using SAS version 9.2 (SAS Institute Inc., Cary, NC). A specific 256 

macro was used to calculate Fleiss Kappa (Chen, 2005). 257 

 258 

RESULTS and DISCUSSION 259 

By using the described methods, very good agreement was achieved both at the group 260 

level and between the trainees and expert for all ABM. Traditionally, for studies exploring ABM, 261 

a Kappa score of > 0.60 is the lowest cut-off used to report a high level of agreement (Gibbons et 262 

al, 2012, Vasseur et al 2013).  Byrt’s Kappa uses an index of agreement between the trainees and 263 

the expert, and adjusts kappa for differences in prevalence of the conditions (i.e. the number of 264 

“acceptable” vs “unacceptable” cows in the population (Byrt et al, 1993). Cohen’s Kappa 265 

attempts to give an agreement score with an adjustment for the possibility that raters might guess 266 

on some cows due to uncertainty, but estimates are unrepresentatively low when the prevalence 267 

of an outcome is low (Hallgren, 2012). Therefore, it is suggested that both Cohen’s Kappa score 268 

and Byrt’s Kappa scores are reported when comparing raters for agreement (Hallgren, 2012). 269 

Byrt’s Kappa was used because trainees were evaluating cows on two farms for live training 270 

purposes, and the distribution of cow scores could not be pre-determined. For some ABM in the 271 

study (BCS and CLEAN) the prevalence of unacceptable scores was very low.  Byrt’s Kappa 272 

helps to address the limitation of live training where there are no guarantees that there would be 273 

an even distribution of cows in each score category for each ABM. Fleiss’s Kappa was also 274 

calculated to evaluate at the overall group inter-rater agreement for both hock injuries and 275 

lameness, to demonstrate that the group of 14 trainees was repeatable (precise) when compared 276 

against each other. Evaluating group-level agreement is important when different individuals are 277 
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collecting and comparing data in different regions or on different farms, which was the method 278 

to be used during the 2015 Canadian National Dairy Study (Bauman et al., 2017).   279 

Byrt’s Kappa scores (Table 3.5) demonstrate that on both day two and three of training all 14 280 

trainees achieved “almost perfect agreement” ( > 0.95) for acceptable vs. unacceptable BCS, leg 281 

cleanliness, udder cleanliness, and flank cleanliness. These results indicate that although less 282 

time was spent on the training process for discriminating unacceptable from acceptable cows for 283 

BCS and CLEAN compared to other ABM, the time allotted was adequate for achieving “almost 284 

perfect agreement.”  285 

During session F, the trainees were able to achieve a HOCK average Byrt’s Kappa of 286 

0.62 (substantial agreement), ranging from 0.0 (less than chance agreement) to 0.90 (almost 287 

perfect agreement) (Table 3.5). By session I of training, trainees achieved a HOCK Byrt’s Kappa 288 

of 0.83 (almost perfect agreement), ranging from 0.64 (substantial agreement) to 0.94 (almost 289 

perfect agreement) (Table 3.5).  The Byrt’s Kappa scores improved by 0.21 (P < 0.005) from 290 

session F to session I for hock injuries, indicating that after both a classroom and live training 291 

session, a minimum of one additional live scoring sessions should take place for training in the 292 

evaluation of hock scores. During session J, the trainees were able to achieve an average GAIT 293 

Byrt’s Kappa of 0.66 (substantial agreement) for lameness evaluation, ranging from 0.56 294 

(moderate agreement) to 0.84 (almost perfect agreement) (Table 3.5). The trainee (n = 1) that fell 295 

into the moderate category chose not to score any cows for lameness during the national study, 296 

and was excluded from session L (n= 13).  In session L, trainees (n=13) achieved a mean GAIT 297 

Byrt’s Kappa of 0.74 (substantial agreement), ranging from 0.62 (substantial agreement) to 0.89 298 

(almost perfect agreement) (Table 3.5). The mean Byrt’s Kappa scores for GAIT increased by 299 

0.06 (P < 0.005) from day three of the workshop for lameness to six weeks later, suggesting that 300 
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trainees were improving their scoring techniques through practice, and that the post-workshop 301 

refresher video three weeks into the study helped solidify lameness evaluation techniques. The 302 

change in inter-rater agreement between each assessor and the expert for both hock injury and 303 

lameness scores are depicted in Figure 3.1 and Figure 3.2 respectively. The second assessment 304 

resulted in the vast majority of trainees improving, especially when initial scores were low.  305 

Overall agreement among all 14 trainees was assessed for HOCK and LAME and is represented 306 

using Fleiss’s Kappa measures (Table 3.5). The Fleiss’s Kappa agreement level for HOCK 307 

among the 14 trainees was 0.55 on day two and 0.66 on day three of the workshop indicating that 308 

like Byrt’s Kappa scores, a second day of live scoring is recommended for achieving “substantial 309 

agreement.” Fleiss’s Kappa agreement level for GAIT among the 14 assessors was 0.43 at the 310 

end of the three-day workshop, and 0.66 after the follow-up training and practice video, 311 

indicating that one classroom session and one live session should be followed up with additional 312 

training and practice to ensure higher levels of agreement among the raters.  313 

Trainees were able to achieve both substantial accuracy and high group-level inter-rater 314 

reliability as shown through Byrt’s and Fleiss’s Kappa measures. The discussions that took place 315 

during the classroom group quizzes, as well as following the hock injury evaluation on day two 316 

and three, as well as lameness evaluation on day three, allowed trainees to sharpen their skills by 317 

learning from their mistakes. This was demonstrated by continuous improvement throughout the 318 

training period (Table 3.5).  Previous researchers have recommended evaluating agreement 319 

among trainees on day one, day two, day six, day seven, and if necessary day eight of a training 320 

period, as well as four weeks, and 15 weeks after training, to ensure consistency and accuracy 321 

over time (Gibbons, 2012; Vasseur, 2013). The cost and feasibility of evaluating trainees that 322 

frequently may not be practical for all research purposes.  One strength of the current workshop 323 



51 
 

design was that it demonstrated that in a three-day workshop, a minimum of “almost perfect 324 

agreement” (Byrt’s Kappa of 0.81-0.99) could be achieved for each ABM except GAIT. 325 

“Substantial agreement” (0.61-0.80), the cut-off most commonly used as an acceptable inter-rater 326 

agreement was reached for GAIT (Thomsen et al, 2008; Gibbons et al, 2012).  Although GAIT 327 

had relatively lower Kappa scores compared to the other measures, agreement in GAIT appeared 328 

to improve over time with follow-up practice videos, indicating that future workshops should 329 

incorporate even more lameness videos in the initial training and assessment. 330 

Although categories of classification were not distributed evenly in the current study, it was 331 

important that at least one cow was considered “unacceptable” for each ABM during each live-332 

training session to calculate Byrt’s Kappa scores. HOCK and GAIT required the most time for 333 

the question and answer sessions, and therefore live scoring should be done that includes 334 

substantial variation in hock injuries and lameness, so that a variety of scenarios can been seen 335 

and discussed. Using pictures and videos in addition to live cows is a way to increases variation 336 

in scores, and has been used in other training methods (Gibbons et al, 2012; Vasseur et al, 2013). 337 

For our study, pictures were only used in sessions A through E, for classroom training and 338 

classroom group-level quizzes. Trainees found the pictures and videos valuable, and expressed 339 

the desire for more practice video for lameness evaluation, which resulted in the three week 340 

follow-up lameness practice video. 341 

CONCLUSION 342 

The results of this study demonstrate that a training workshop comprised of multiple 343 

media (photos, video, and live training) can achieve acceptable group-level agreement for several 344 

animal-based measures of welfare. This model resulted in crude agreement of at least 81 % for 345 

each ABM, and Kappa scores ≥ 0.61, which is the most commonly used Kappa cut-off for 346 
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acceptable inter-rater agreement in studies using multiple observers for subjective scoring 347 

methods. We recommend that training take place with intermittent testing so that trainees can 348 

learn from their mistakes as they progress through the training process. This type of workshop 349 

may be useful for training accurate observers with substantial inter-rater-agreement for research, 350 

veterinary services, or for individuals involved in welfare assessments in dairy herds. 351 
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 418 

Table 3.1 Description of methods for a workshop and follow-up activities to train assessors in animal-based measures of welfare in 419 
dairy cows 420 

 421 

1. Hocks indicates “hock injury scoring”  422 

Time Session Location Source Activity Time 

(min) 

Cows 

Scored 

Day 1 

 

 

A classroom Images Hock1: Methods review + Group Quiz with SH2 + Q&A3 session 45 20 

B classroom Images BCS: Methods review + Group Quiz with SH + Q&A session 15 10 

C classroom Images Clean4 (flank, udder, leg): Methods review + Group Quiz with SH + Q&A session 20 10 

D classroom Videos Gait5(LS, SLS): Methods review + Group Quiz with SH + Q&A session 105 15 

Day 2 

 

E Farm X Locked 

cows 

In groups of 3 or 4, trainees assessed Hock, BCS, and Cleanliness orally. Cows were in 

headlocks or ties. Expert walked around to answer questions as needed. 

60 30 

F Farm X Locked 

cows 

Individual trainees provided written scores for previously unscored cows for Hock, BCS, 

and Cleanliness. Afterwards, expert discussed rationale for each score 

30 20 

G Farm X Loose 

cows 

Expert-driven lameness review where expert discussed rationale during scoring 20 10 

H Farm X Loose/ 

locked 

cows 

Trainees performed evaluations of Lameness (SLS + LS) using SH. Immediately after a cow 

was scored, Q&A session followed  (loose (n=10) and locked (n=5)) 

30 15 

Day 3 I Farm Z Locked 

cows 

Individual trainees provided written scores for locked/tied cows for Hock, BCS, and Clean.  

Afterwards, expert discussed rationale for each cow score 

45 33 

J classroom Videos Individual trainees performed written evaluations on cows for Lameness (SLS + LS). 

Afterwards, trainees compared their scores to the expert. A Q&A session followed. 

45 27 

3 wks 

later 

 

K Online Videos Expert-driven lameness review where expert discussed rationale during the scoring of 16 

cows. An additional 9 practice cows could be scored by trainees, with the correct answer 

provided immediately after each cow 

20 25 

6 wks 

later 

L Online Videos Individual trainees performed written evaluations on cows for Gait 

 

35 37 
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2. SH indicates a “show of hands method”: an activity where assessor raised their hands to classify cows as acceptable or 423 
unacceptable 424 

3. Q&A refers to question and answer sessions 425 
4. Clean indicates “hygiene scoring for flank, udder, and leg” 426 
5. Gait was “lameness scoring” for both locomotion scoring (LS) and tiestall lameness scoring (SLS)  427 
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Table 3.2. Simplified descriptions* of the dichotomous scores for “Acceptable” and “Unacceptable” animal-based measures of 428 
welfare used to train assessors for the National Dairy Study.  429 
 430 
Animal-based 

Measure 

Acceptable Unacceptable 

Hock Injuries No swelling with minor or no hair loss (score 0) 

OR  

No swelling with bald area (score 1) 

Minor swelling and/or broken skin or scab (score 2) 

OR  

Major swelling (thickness ≥ 2.5 cm), with or without bald 

area or lesion (score 3) 

 

BCS Corrugation visible to more than half the length of 

the short rib from the tip to the spine 

Corrugation visible to less than or equal to half the length of 

the short rib from the tip to the spine 

 

Lameness (free) Score ≤ 2 on a standard 5-point locomotion score, 

indicating no limp 

Score ≥ 3 on a standard 5-point locomotion score, indicating 

a mild limp to severe limp 

 

Lameness (tie)** Less than 2 out of 4 behavioral indicators for 

lameness were observed (i.e. rest, edge, shift, 

uneven steps) 

Two or more out of the 4 behavioral indicators for lameness 

were observed (i.e. rest, edge, shift, uneven steps) 

 

Cleanliness: leg, 

flank, or udder 

Little or no manure to minor splashing Distinct plaques with hair showing through, to a solid 

manure plaque 

 431 
*Detailed photographic descriptions of animal-based measures of welfare listed can be viewed in the Animal Comfort Tool at 432 
www.dairyresearch.ca (Dairy Research Portal, 2018).  433 
 434 
**The stall lameness score indicators of lameness are described as follows: (1) edge: cow places hoof or hooves on edge of stall), (2) 435 
rest: cow lifts a hoof or hoof heel off of the ground and replaces it to the same location, (3) shift: (regular, repeated shifting of weight 436 
from one hoof to another), and (4) uneven steps: more rapid movement by one foot compared to the other or by an evident reluctance 437 
to bear weight on a particular foot when the cows was moved side to side (Leach et al., 2009; Dairy Research Portal; 2018). 438 
 439 
 440 
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Table 3.3. Trainee evaluations for hock injury score agreement between an expert and 14 441 
trainees on day two of training compared to day three of training, based on categorizing hock 442 
scores as acceptable or unacceptable.   443 

1. Agreement indicates crude percent agreement of classification between the trainee and 444 
expert 445 

2. Byrt’s Kappa = prevalence-adjusted score of agreement of classification between the 446 
trainee and the expert 447 

3. Cohen’s Kappa = bias-adjusted score of agreement of classification between the trainee 448 
and the expert 449 

4. SE is the standard error for the Cohen’s Kappa for each trainee on their final assessment 450 
  451 

 Hock Evaluation 1  

(20 cows scored) 

Hock Evaluation 2 

 (33 cows scored) 

Expert x 

Trainee 

Day 2 

Agreement 1 (%) 

Day 2  

Byrt’s 

 Kappa2 

Day 3 

Agreement (%) 

Day 3 

Byrt’s 

Kappa2 

Day 3 Cohen 

Kappa score3 

SE4 

E * T1 95 0.90 91 0.82 0.68 0.17 

E * T2 50 0.00 82 0.64 0.68 0.17 

E * T3 70 0.40 97 0.94 0.87 0.13 

E * T4 80 0.60 91 0.82 0.68 0.17 

E * T5 70 0.40 91 0.82 0.68 0.17 

E * T6 75 0.50 88 0.76 0.60 0.17 

E * T7 80 0.60 97 0.94 0.87 0.13 

E * T8 80 0.60 97 1.00 1.00 0.00 

E * T9 80 0.60 85 0.70 0.46 0.20 

E * T10 95 0.90 97 0.94 0.87 0.13 

E * T11 90 0.80 91 0.82 0.68 0.17 

E * T12 90 0.80 97 0.94 0.87 0.13 

E * T13 90 0.80 94 0.88 0.77 0.16 

E * T14 90 0.80 91 0.82 0.68 0.17 
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Table 3.4 Trainee evaluations for lameness scoring agreement between an expert and 14 452 
trainees on day three of training (lameness evaluation 1) and six weeks later (lameness 453 
evaluation 2). 454 
 455 

 Lameness Evaluation 1 (27 

cows scored) 

Lameness evaluation 2  (37 cows scored) 

Expert x 

Rater 

Day 3 

Agreement (%)1 

Day 3 

Byrt’s 

Kappa2 

Week 6 

Agreement (%)1 

Week 6 

Byrt’s 

Kappa2 

Week 6 Cohen’s 

Kappa score3 

SE4 

E x T1 85 0.70 86 0.73 0.73 0.11 

E x T2 81 0.62 86 0.73 0.73 0.11 

E x T3 81 0.62 89 0.78 0.78 0.10 

E x T4 81 0.62 81 0.62 0.62 0.13 

E x T5 81 0.62 86 0.73 0.73 0.11 

E x T6 88 0.76 86 0.73 0.73 0.11 

E x T7 92 0.84 86 0.73 0.73 0.11 

E x T8 81 0.62 84 0.68 0.67 0.11 

E x T9 81 0.62 89 0.78 0.78 0.10 

E x T10* 78 0.56 N/A N/A N/A N/A 

E x T11 81 0.62 86 0.73 0.73 0.11 

E x T12 85 0.70 89 0.78 0.78 0.10 

E x T13 85 0.70 84 0.68 0.68 0.12 

E x T14 85 0.70 95 0.89 0.89 0.07 

1. Agreement indicates crude percent agreement of classification between the trainee and 456 
expert 457 

2. Byrt’s Kappa = the prevalence-adjusted score of agreement of classification between the 458 
trainee and the expert 459 

3. Cohen’s Kappa = bias-adjusted score of agreement of classification between the trainee 460 
and the expert 461 

4. SE is the standard error for Cohen’s Kappa for each trainee on their final assessment 462 
*Trainee 10 did not evaluate cows for lameness in the field following initial training, so follow-463 
up was not assessed 464 

  465 
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Table 3.5  Agreement of classification at the individual (expert-trainee) and at the group level (trainee-trainee) of animal-based 466 
measures among 14 trainees during and after a three-day workshop 467 

Animal-

Based 

Measure 

Time1 No. of 

Trainees 

Total 

Scores2 

Proportion 

scored 

Acceptable 

(%)3 

Crude Agreement5 

mean 

[min-max] 

Byrt’s Kappa4 

mean 

[min-max] 

Fleiss’s Kappa6 

(group agreement) 

(CI) 

Hock Injury Day 2 14 280 82 80 [50 to 95] 0.62 [0.00 to 0.91] 0.55  (0.51 to 0.58) 

Day 3 14 462 74 91 [82 to 97] 0.85 [0.64 to 1.00] 0.66 (0.62  to 0.70) 

Lameness 

 

Day 3 14 378 59 81 [78 to 92] 0.66 [0.56 to 0.84] 0.43 (0.39 to 0.47) 

Week 6 13 429 57 86 [81 to 95] 0.74 [0.62 to 0.89] 0.66 (0.61 to 0.69) 

BCS 

 

Day 2 14 280 95 100 [95 to 100] 0.99 [0.95 to 1.00] 1.00 (0.96 -1.00) 

Day 3 14 462 96 100 [100 to 100] 1.00 [1.00 to 1.00] 1.00 (0.97-1.00) 

Leg 

Cleanliness 

Day 2 14 280 75 100 [100 to 100] 1.00 [1.00 to 1.00] 1.00 (0.96-1.00) 

Day 3 14 462 91 97 [91 to 100] 0.96 [0.87 to 1.00] 0.88 (0.84- 0.91) 

Flank 

Cleanliness 

Day 2 14 280 85 100 [100 to 100] 1.00 [1.00 to 1.00] 1.00 (0.96-1.00) 

Day 3 14 462 94 96 [91 to 100] 0.96 [0.87 to 1.00] 0.89 (0.85- 0.92) 

Udder 

Cleanliness 

Day 2 14 280 90 100 [100 to 100] 1.00 [0.95 to 1.00] 1.00 (0.96-1.00) 

Day 3 14 462 87 97 [91 to 97] 0.90 [0.82 to 0.94] 0.90 (0.86-0.93) 

 468 

1. Time indicates the day of training within or following the 3-day workshop  469 

2. Total number of cows scored  No. Trainees who participated in that portion of the workshop. 470 
3. Proportions scored acceptable is the percent of total cows that were identified as acceptable by the expert  471 
4. Byrt’s Kappa indicates expert-rater agreement 472 
5. Crude Agreement indicates the unadjusted % agreement of classification  473 
6. Fleiss’s Kappa indicates agreement among all of the assessors 474 

  475 
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Figure 3.1 Change in inter-rater agreement score (Byrt’s Kappa) for hock injuries between the expert and 476 
each trainee.  The grey line demonstrates the trainee’s first assessment after training (Day 2), and the 477 
black line represents the trainee’s second assessment (Day 3) which occurred after reviewing results of 478 
the first assessment.  Trainees and expert recorded hock injuries as “acceptable” or “non-acceptable.” 479 
 480 
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Figure 3.2 Change in inter-rater agreement score (Byrt’s Kappa) for lameness between the expert and 483 
each trainee.  The grey line demonstrates the trainee’s first assessment after training (Day 3), and the 484 
black line represents the trainee’s second assessment (Week 6) which occurred after reviewing results of 485 
the first assessment, and viewing an additional training and practice video. Trainees and expert recorded 486 
lameness as “acceptable” or “non-acceptable.” 487 
 488 
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 545 

 546 

RISK FACTORS FOR LAMENESS ON CANADIAN DAIRY FARMS; 547 

MEASURED AND FARMER-PERCEIVED PREVALENCE FOR HERD 548 

LEVEL LAMENESS 549 

 550 

ABSTRACT 551 

 552 

The objectives of this study were to 1) estimate the herd-level lameness prevalence 553 

(HLLP), 2) compare the HLLP to the perceived prevalence estimated by farmers, and 3) assess 554 

associations between hoof health management practices, farmers’ confidence in lameness 555 

scoring, other animal-based measures (i.e., hock injury prevalence (HIP) and udder cleanliness), 556 

and herd demographics with HLLP. A cross-sectional National Dairy Study (NDS) was 557 

conducted in the summer of 2015. The NDS consisted of a questionnaire offered to all Canadian 558 

dairy producers and a follow-up visit to a subset of 374 farms. The questionnaire had an 11% 559 

response rate (n = 1,157) and contained questions on farmer HLLP estimates, herd 560 

demographics, and hoof health management practices (e.g. use of a footbath). On-farm, HLLP 561 

was assessed using locomotion score (LS) for cows housed in freestall or pack barns, or in-stall 562 

lameness score (SLS) for cows in tiestalls. Herd-level lameness prevalence was determined by 563 

the proportion of cows with LS ≥ 3 on a 5-point scale, or the proportion of cows with SLS of ≥ 2 564 

out of 4 behavioral indicators of lameness. Median herd-level prevalence of hock injury (HIP), 565 

BCS ≤ 2, dirty udders (DU), dirty flanks (DF) and dirty legs (DL) were 27, 0, 1.2, 3.8, and 4.8%, 566 

respectively. Mean HLLP was 29.2%, which was on average 2.8 times greater than the 567 
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prevalence estimated (10.3%) by the farmers. Deeper bedding was associated with lower HLLP. 568 

Pack barns had lower HLLP (11%) than tiestalls (22%) and freestalls (26%). In herds where 569 

farmers reported that they investigated mild lameness by picking up and examining cows’ feet 570 

within 48 hours of noticing lameness, HLLP was less (16%) than those who waited > 48 hours or 571 

until their trimmer or veterinarian came for a scheduled visit (18 and 20%). For every 5% 572 

increase in HIP, the odds of DU, DF, and lameness increased 1.04, 1.12, and 1.05-fold, 573 

respectively. Results from this study provide insight into hoof-health management practices that 574 

may reduce the HLLP and highlight the need to train farmers to detect and treat lameness 575 

promptly.  576 

INTRODUCTION 577 

 578 

Lameness is a major welfare issue in the dairy industry (Whay et al., 2003; Huxley, 2013) 579 

because it is prevalent and both acutely and chronically painful (Rushen et al., 2007; Green et al., 580 

2002). A comprehensive literature review makes clear that lameness in the dairy industry should 581 

be prioritized because it is endemic, has a substantial impact on health and leads to a range of 582 

economic losses through milk yield, reproduction, premature culling and treatment costs 583 

(Huxley, 2013). 584 

Internationally, dairy herd lameness prevalence estimates range between 20 and 55% 585 

when the lameness definition includes mild to severe lameness (Cook, 2003; Espejo et al., 2006; 586 

Barker et al., 2010; von Keyserlingk et al., 2012). This high prevalence is concerning from both 587 

a welfare and production perspective, and efforts should be made to monitor, control, and 588 

prevent this disease (Huxley, 2013).  589 
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A Canadian National Dairy Study (NDS) was carried out in 2015 to benchmark and 590 

investigate prioritized dairy industry issues on farms across Canada 591 

(www.nationaldairystudy.ca). Lameness was prioritized because key stakeholder groups such as 592 

dairy producers, government officials, and allied industry (e.g., veterinary practitioners and 593 

researchers) all ranked lameness as the number one health concern in the Canadian dairy industry 594 

(Bauman et al., 2016b). This included farms with tiestall, pack, and freestall housing. Previous 595 

Canadian studies have used a number of different methods of lameness detection, including hoof 596 

and leg conformation, in-stall lameness scoring, gait scoring, and lying times (Zurbrigg et al., 597 

2005; Gibbons et al., 2014; von Keyserlingk et al., 2012; Cramer et al., 2008; Charlton et al., 598 

2016; Cutler et al., 2017). The most recent National Animal Health Monitoring System 599 

(NAHMS) measured lameness prevalence, but only in freestall herds (Adams et al., 2017). 600 

Although the dairy industry is transitioning away from tiestalls (Barkema et al., 2015) (NAHMS 601 

1996 to 2014), national surveys reported 65% of Canadian dairies and 39% of US dairies still use 602 

tiestalls; therefore, it is also important to capture lameness prevalence on these farms (NDS, 603 

2015; NAHMS, 2014).  604 

It has been well documented that lameness is a multifactorial disease, and both herd 605 

demographics (e.g. geographic region and barn design) and management practices (e.g. hoof 606 

trimming and use of footbaths) are associated with lameness (Amory et al., 2006; Solano et al., 607 

2015; Cook et al., 2016b). Although some studies have focused on the relationship of deep vs. 608 

shallow bedding with lameness (Cook et al., 2003; Zaffino Heyerhoff et al., 2014),explored 609 

multiple increases in bedding depth ono top of mattresses. Even though there is evidence that 610 

early detection and prompt treatment of lameness improves recovery (Bell et al., 2009; Barker et 611 

al., 2010; Thomas et al., 2015), no North American studies have explored associations with time 612 
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to treatment after detection in observational studies. A high tolerance or lack of perception of 613 

lameness by farmers has been identified as a substantial barrier to lameness reduction, as farmers 614 

substantially underestimate lameness in their herds (Leach et al., 2013; Šárová et al., 2011; L. A. 615 

Espejo and Endres, 2007). To date, no work has examined the confidence levels of farmers in 616 

identifying lameness in their herds, and its relationship with the ability of the farmer to 617 

accurately estimate lameness. 618 

The objectives of this study were to 1) estimate the herd level prevalence of lameness 619 

(HLLP) on Canadian dairy farms, 2) compare the estimated HLLP to the perceived prevalence 620 

estimated by farmers, and 3) assess the associations of hoof health management practices, 621 

farmers’ confidence in lameness scoring, herd demographics, and other herd level animal-based 622 

measures (e.g. prevalence of hock injuries and cleanliness scores) with HLLP.  623 

 624 

MATERIALS AND METHODS 625 

 626 

In 2015, a cross-sectional study of the Canadian dairy cattle industry was undertaken by 627 

teams of researchers based in five Canadian universities. The study was conducted in two 628 

phases: a comprehensive questionnaire (Phase I) was administered between March and May, 629 

followed by a farm visit (Phase II) to a sub-sample of questionnaire respondents between May 630 

and August. 631 

Ethics approval for both human participants and animal use was obtained through each 632 

participating university: University of Calgary (REB#14-2481; AC#15-0048), University of 633 

Guelph (REB#14DC025; AUP#3320), Université de Montréal (15-007-CERES-D; 15-rech-634 
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1786), University of Saskatchewan (AUP#20150037), and the University of PEI (REB#6006095; 635 

AUP#15-106). 636 

 637 

Phase I: Questionnaire 638 

The questionnaire (www.nationaldairystudy.ca/the-study) consisted of 254 questions that 639 

encompassed a broad range of management programs and herd demographics for the farm. The 640 

questions included geographic location, herd size, housing type (e.g. tiestall), and other 641 

important aspects of dairy farming (e.g. biosecurity and reproductive practices), as well as key 642 

elements for the present study (e.g. lameness management practices, self-reported confidence in 643 

lameness scoring, bedding depth, and estimates of lameness prevalence). Questions were 644 

multiple choice, sliding scale (1 to 10), or fill in the blank. The survey was available in both 645 

English and French, and was pilot tested with a group of farmers and veterinarians. Every 646 

licensed dairy farmer in Canada (n=11,664) was sent a post card inviting him/her to participate 647 

either on-line, using the Qualtrics™ platform (Qualtrics, Provo, UT), by completing a mailed 648 

paper copy or verbally over the telephone. No sample size calculations were done for the phase I 649 

questionnaire because every producer was offered the opportunity to participate. In order to 650 

increase the response rate the invitation card included information about estimated completion 651 

time, emphasized the objectives and importance of the study, and provided a financial incentive 652 

for early completion, where the first 250 participants would receive a $20 gift card to a popular 653 

coffee shop (Dillman et al., 2009; Dohoo et al., 2012). In addition to the mailed post card, 654 

farmers were reminded of the survey through their DHIA newsletters and industry websites in an 655 

attempt to reach farmers more than once (Dillman et al., 2009). While participation was on a 656 

voluntary basis, non-participating farmers were given the option to provide a reason for declining 657 

http://www.nationaldairystudy.ca/the-study
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participation. At the end of the questionnaire, participants were asked if they would participate in 658 

a farm visit (Phase II). 659 

 660 

Phase II: On-farm data collection 661 

Total sample size for phase II of the study was based on estimation of a proportion of 662 

common endemic diseases in dairy cattle (Dohoo et al., 2009), and was determined to be 368 663 

farms, based on 95% confidence, and a 5% margin of error. Subsequently, the number of herds 664 

sampled per province were based on the approximate proportion of the national dairy herd that 665 

resided in that province (Supp. Table 4.1) and farms were selected to incorporate farms that did 666 

and did not participate in milk recording programs, because data from non-milk recorded farms 667 

are rarely collected. 668 

Fourteen trainees were recruited and trained for the purpose of farm evaluation. The 669 

trainees were veterinary students (n=9), research technicians (n=3), and undergraduate students 670 

(n=2) with moderate to no experience in lameness scoring. A 3-day workshop and a follow-up 671 

video training session 3 weeks after the workshop were designed by the authors (SLC and 672 

CGRN) to train the observers to consistently carry out study protocols for on-farm data 673 

collection. One such protocol was focused on evaluating dairy cows for measures of lameness, 674 

body condition, cleanliness and hock injury. The training was directed by an expert who had 675 

received extensive training from experts across the US and Canada and had evaluated cows using 676 

these methods for lameness on over 350 farms across the two countries. Details of this training 677 

as well as detailed animal-based measure scoring methods are described (Croyle et al., 2018). All 678 

observers needed to meet a minimum individual kappa agreement score of 0.6 (substantial 679 
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agreement) with the expert, and a minimum group-level kappa agreement score of 0.6 with their 680 

peers to score cows for this study. 681 

Lameness was evaluated using one of two scoring systems, locomotion scoring (LS) or 682 

in-stall lameness scoring (SLS), depending on cow housing type. Cows that were loose-housed 683 

(freestall or pack) at the time of data collection were evaluated by LS based on a 5-point 684 

lameness scale (Flower and Weary, 2010). A cow was categorized as not lame if gait score ≤ 2 685 

(no limp), or lame if gait score ≥ 3 (slight limp to severe limp). Cows housed in tiestalls were 686 

evaluated using SLS. The SLS indicators of lameness were: edge, rest, shift, and uneven steps 687 

(Leach et al., 2009). If a cow demonstrated ≥ 2 behavioral indicators of lameness, she was 688 

considered lame. In both the LS and SLS score system, we did not differentiate between mild 689 

and severely lame cows as training and kappa scores were developed around a binary outcome of 690 

lame or not lame, and because lameness level cannot be differentiated in the SLS. The SLS 691 

detection protocol is a valid assessment tool for lameness when compared to locomotion scoring 692 

(Gibbons et al., 2014; Palacio et al., 2017). Previous studies have demonstrated that the “lame” 693 

cut-offs for the SLS and LS systems are comparable, although use of the SLS may slightly 694 

underestimate lameness prevalence (Gibbons et al., 2014; Palacio et al., 2017). 695 

During the farm visits, a random sample of cows in the milking herd was assessed using 696 

sample sizes developed for the national Animal Care Assessment Program (DFC, 2018) and 697 

described online in table format at www.nationaldairystudy.ca/the_study. The number of cows to 698 

assess on each farm (n=374) was calculated to estimate prevalence with 95% confidence and a 699 

margin of error of 15%, except for herd sizes over 1,000 cattle (n=2) where 10% of the herd was 700 

sampled. The table used the number of cows on the farm to be visited to determine the number of 701 

cows to score, and to guide cow selection. Observers decided in advance of visiting the farm 702 
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whether they would start with the first or second cow in a row by the flip of a coin. At least two 703 

observers visited every herd, where one person assisted while the other scored. In milking 704 

parlors, every ‘nth cow’ was assessed for lameness after milking while walking back from the 705 

parlor to the housing area. Observations were made throughout the entire milking to include 706 

cows in all milking groups on the farm. In tiestalls, cows were selected in a similar way down the 707 

stall rows. In robot herds or pack herds, cows were secured in head-locks, released one at a time, 708 

and with every ‘nth cow’ being observed while walking away from the headlocks. Cows that did 709 

not lock were assessed by enumerating every cow and then marking cows with chalk after they 710 

had been assessed. If cows were lying down, they were made/encouraged to stand to abide by the 711 

sample selection protocol of every nth cow and avoid missing lame cows that might lay down 712 

more often. If head-locks were not available, cows were collected in one part of the barn or pen 713 

using a corral system with swinging gates and released one at a time for observation. Data were 714 

recorded using an iPad (Apple Inc., Cupertino, CA) with Microsoft Excel (Microsoft, Redmond, 715 

WA).   716 

The number of cows scored and the total number of cows in the herd on that day were 717 

entered into the on-farm Qualtrics survey and used to calculate within-herd prevalence. For 718 

example, the number of lame cows was placed over the total number of milking cows scored, 719 

and this percentage was used as the estimate of herd-level lameness prevalence (HLLP).  720 

The farmer estimated lameness proportion was determined by their phase I questionnaire 721 

response. The mid-point of the category they chose to represent their level of lameness was used. 722 

For example, if the farmer selected the category ‘0-5% for severe lameness on farm,’ 2.5% was 723 

used as their estimated prevalence of severe lameness, which was compared to the prevalence 724 

estimate determined during the farm visit. 725 
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 726 

Analysis 727 

  All survey data were transferred directly from the Qualtrics Excel document, and 728 

permanently stored and analyzed within SAS version 9.4 (SAS Institute Inc., Cary, NC). Self-729 

reported herd size, milk yield, and farmers’ confidence in identifying mild lameness were 730 

classified into three categories using quartiles, where the high group was the top quartile, the low 731 

group was the lowest quartile, and the middle group included the 2nd and 3rd quartiles. Animal-732 

based measures (e.g. lameness prevalence) were kept as continuous variables. The 10 Canadian 733 

provinces were categorized into four regions (Ontario, Quebec, West (BC, AB, SK, MB), and 734 

East (PE, NL, NB, NS)) based on power for statistical analysis and similar herd demographics by 735 

region. In instances where there was a low number of respondents for categorical answers within 736 

multiple choice questions, responses were combined into biologically relevant categories (i.e. the 737 

next closest category with an expanded interval). For example, the time between identifying a 738 

mildly lame cow and examining the foot was reclassified from the survey response of ‘> 48 h to 739 

a week’ and ‘more than a week’ to ‘> 48 h’ due to a low number of responses in the more than a 740 

week category. The hoof trimmer category was reclassified as either professional or non-741 

professional (which included farmer and veterinarian). 742 

To identify herd-level risk factors associated with HLLP a general linear regression 743 

model was built using the PROC MIXED procedure in SAS, with a logit transformation of the 744 

outcome. The Mantel-Haenszel method was used to test for confounding as variables were added 745 

and removed during the model building process. 746 

Model fit was assessed by examining normality and homoscedasticity of the residuals 747 

graphically. Outliers were evaluated to assess the fit of the model. Characteristics of extreme 748 
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values were examined to understand their impact on the models. Model results were expressed 749 

by back transforming the values to get the prevalence least square means. Plausible confounders 750 

were identified using a causal diagram (Supplemental Figure 4.1) and offered to the models. All 751 

independent variables that were potential risk factors for lameness underwent univariable 752 

screening using simple linear regression (PROC GLM in SAS) to explore unconditional 753 

associations with HLLP. An assessment of multi-collinearity was performed using a tolerance 754 

test in SAS. If tolerance values were ≤ 0.10, only the more biologically relevant variable was 755 

maintained (Doorman et al., 2013). Variables with a P-value ≤ 0.20 in the univariable 756 

regressions were retained for inclusion in multivariable analysis. Plausible two-way interactions 757 

were tested and added to the model if their P-value was < 0.05. Multivariable linear regression 758 

analysis was conducted using a manual backwards stepwise model-building approach (Dohoo et 759 

al., 2012). A significance level of α ≤ 0.05 and 95% confidence intervals were used to assess 760 

statistical significance in the multivariable models. 761 

Contrast tables in PROC MIXED were used to explore mean differences between 762 

regions. To compare the estimates of prevalence of lameness between researchers and farmers, 763 

Spearman’s rank correlation between the measured and farmer estimated prevalence was 764 

calculated, because farmers categorically estimated lameness in their herds, while lameness 765 

prevalence was measured as a continuous variable on farm. 766 

 767 

RESULTS 768 

Phase I 769 

Through the provincial marketing boards, 11,664 producers were mailed an invitation. In 770 

total, 1,373 producers completed the questionnaire, for a response rate of 11.8%. One hundred 771 
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and sixty-five producers returned a post card indicating they were not participating, 96 of which 772 

offered a reason for their non-participation. The reasons were divided into broad categories: ‘lack 773 

of time’ (n = 57), ‘not interested’ (n = 13), ‘personal health issues’ (n = 9), ‘general 774 

disgruntlement’ (n = 9), ‘current farm problems’ (e.g. stray voltage) (n = 5), ‘other personal 775 

issues’ (n = 1), ‘privacy concerns’ (n = 1), and ‘questionnaire too long’ (n = 1). During Phase I, 776 

855 (81%) respondents indicated that they would participate in the on-farm visit (Phase II) if 777 

asked. Participation in Phase I and selection of farms for Phase II was proportional to the number 778 

of farms in each province and is presented in table format on the study website 779 

(www.nationaldairystudy.ca/the-study). 780 

 781 

Farmers’ Estimates of Lameness, and Management Practices  782 

Herd demographic distributions and lameness management practices are described in 783 

Table 4.1. Eighty-six percent of respondents reported using milk recording services 784 

(CanWestDHI n = 485; Valacta n = 418). Mean milk yield was 9,583 kg/cow/305-day lactation 785 

(SD = ±98.2), and mean adult herd size was 92 (SD = ± 4.7). There was no difference in the 786 

farmer-estimated prevalence of lameness between the farms visited in Phase II (10.2% estimated 787 

HLLP) and those only surveyed in Phase I (10.1% estimated HLLP). Producers estimated the 788 

mean herd-level lameness prevalence to be 12% (±1%) in freestalls, 9% (±1%) in tiestall bars, 789 

and 9% (±2%) in pack barns (Table 4.1). On average, farmers’ self-reported confidence for 790 

identifying lameness was 7.8 out of 10 (SE = 2.02), while reported confidence for identifying 791 

severe lameness was 9.1 out of 10 (SE =1.52). Lameness prevalence estimates were not different 792 

among freestall, tiestall, and pack barns. Forty-two percent (n= 430) of respondents indicated 793 

that they never evaluated their herd for lameness, aside from casual observation during milking. 794 
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Seventy-one percent of respondents used a professional hoof trimmer as opposed to farm staff or 795 

veterinarians for routine trimming. However, fewer farmers in Quebec than in the other three 796 

regions used professional hoof trimmers (Quebec (55%), West (83%), Ontario (80%), East 797 

(83%); P < 0.001). Thirty-one percent of respondents provided at least some seasonal pasture 798 

access to their milking herd. More farmers in the East region provided pasture access for their 799 

milking herd (East (63%), Ontario (29%), Quebec (26%), West (19%); P < 0.001). There was no 800 

significant difference among the other three regions (P = 0.07). 801 

 802 

Phase II 803 

Data analysis 804 
With a logit transformation and removal of two outliers (3 SD from the mean), the 805 

residuals were normal. The tolerance test resulted in no multicollinearity of variables.  806 

 807 

Herd–Level Lameness Prevalence  808 

The mean national HLLP was 29.2% (±17%), median 25%, and is reported with other 809 

animal-based measures in Table 4.2. Twelve percent (N = 44) of farms evaluated had HLLP ≤ 810 

10%. There were differences in HLLP by region (Table 4.3), with lameness being highest in 811 

Quebec. Examples illustrating these associations are in Figure 4A. In Table 3.4, the odds ratio 812 

for the logit estimated for HLLP were calculated within SAS in order to compare categories 813 

within variables in context of all other associated explanatory variables. 814 

In multivariable analysis, accounting for [farm type, region, list covariates in the final 815 

model], HHLP was lowest in pack barns (11.1%), and similar between freestalls (25.7%), and 816 

tiestalls (22.9%) (Table 4.3). Overall, the mean HLLP of 29.2% was 2.8 times greater, on 817 

average, than the prevalence estimated (10.3%) by the farmers. Figures 1 and 2 depict the 818 
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disparity in the two measures at the individual farm level. Farmers, irrespective of housing type 819 

and actual lameness prevalence, tended to estimate their lameness to be approximately 10%. 820 

Although both freestall and tiestall farmers underestimated lameness, freestall farmers had 2.5x 821 

more lameness than predicted, while tiestall farmers had 3.2 x greater prevalence of lameness. 822 

Individual freestall farmer estimates were typically closer to the detected HLLP when compared 823 

to tiestall farmers (Figures 1 and 2). Although the majority of farmers underestimated lameness, 824 

11% of farmers were accurate or overestimated lameness (Figures 1 and 2). 825 

Despite the general underestimation of lameness by farmers across all housing types, 826 

multivariable analysis indicated that herds where farmers reported investigating cases of mild 827 

lameness within 48 h of first observation had 2.5 and 4.6% lower HLLP than farms where the 828 

producer reported waiting >48 h or until the vet or hoof trimmer came to investigate mild 829 

lameness respectively (Table 4.3). Unlike with the investigation of mildly lame cows, HLLP did 830 

not differ on farms who reported investigation of severely lame cows for lameness within 48 h of 831 

observation (Table 4.3). 832 

There was no association between farmers’ confidence in their ability to identify mild or 833 

severe lameness and the disparity in their HHLP estimate compared to the measured estimate. 834 

There was also no association between farmers’ confidence in identifying lameness and barn 835 

type. In univariable analysis there was a positive association between the interval between the 836 

decision to cull a lame cow and when the cow leaves the herd, and HLLP (P = 0.07), but this 837 

variable did not remain in the final model. For every 5% increase in the prevalence of hock 838 

injuries, dirty udders, and dirty flanks, the odds of lameness increased by a factor of 1.04, 1.12, 839 

and 1.05, respectively (P < 0.001). Examples illustrating these associations are in Figure 4. 840 
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In the univariable analysis, bedding depth had a dose-dependent relationship with @@, 841 

where for every increase in bedding depth category there was a 5 percentage-point reduction in 842 

HLLP (P < 0.001). In the final multivariable model, this association remained, such that there 843 

was a 3 percentage-point reduction in HLLP for each increasing category of bedding depth, 844 

except for the deepest level (>15 cm) (Table 4.3). In Figure 4C, a model scenario depicts Ontario 845 

farmers with deeper bedding (7.6-15 cm) to have lower levels of lameness, dirty udders, dirty 846 

flanks and hock injuries compared to farms that use very shallow bedding (0.0-2.5 cm).  847 

 848 

DISCUSSION 849 

 850 

The aim of this study was to estimate the national prevalence of HLLP and associated 851 

management practices on Canadian dairy farms. This study highlighted the discrepancy between 852 

farmers’ estimated lameness and detected lameness, and led to the discovery that 42% of famers 853 

did not look for lameness in their cows outside of casual observation while milking. 854 

Additionally, there is a seemingly dose-dependent relationship between increased bedding on top 855 

of any base and reduced lameness. 856 

A large part of this study depended on survey design and implementation. The best 857 

approach for reducing non-response rates in surveys is through multiple individual attempts at 858 

contacting non-responders (Hoddinott and Bass, 1986). We did not have the financial resources 859 

to do multiple mass mailings; however, attempts were made to reach farmers in multiple ways 860 

including post, and multiple newsletters through DHI organizations, which may have led to the 861 

higher response rates from DHI herds. Although this study included farms that did not participate 862 

in DHI systems, farms that participated in both Phase I and Phase II did have significantly lower 863 
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bulk milk SCC (i.e. 5% and 9% lower, respectively) compared to national averages (Bauman et 864 

al., 2018). Thus, it is possible that more herds with better management were represented in the 865 

study despite attempts to reach farms at all management levels. The majority of farmers who 866 

provided a reason for not participating in the questionnaire mentioned that it was due to lack of 867 

time (56%) and only a few (5%) reported the reason to be for ‘current farm issues’. During Phase 868 

I, 855 (81%) of respondents agreed to participate in the on-farm visit (Phase II). In contrast, only 869 

47% of those surveyed in the NAHMS study agreed to the on-farm (Phase II) visit, meaning that 870 

we may have had better representation for farms evaluated post-survey. 871 

Based on the current study, the HLLP, which includes mild to severely lame cows on 872 

Canadian dairy farms, was 29.2%. Three studies in the last 15 years that included detection of 873 

mild lameness (i.e., score 3 out of 5) have estimated HLLP to be 24% (n = 50 herds), 25% (n = 874 

30 herds), and 55% (n = 40 herds) in the Midwest or Northeastern USA (Cook, 2003; Espejo et 875 

al., 2006; von Keyserlingk et al., 2012). In the UK and Chile, lameness prevalence estimates 876 

were 37% (n = 205 herds; Barker et al., 2010a) and 33% (n = 34 herds) (Tadich et al., 2010) . In 877 

Canada, lameness prevalence has been estimated in freestall herds to be 28% (n = 42 herds; von 878 

Keyserlingk et al., 2012) and 21% (n = 141 herds; Solano et al., 2015). These estimates are very 879 

similar to the 25% lameness prevalence in freestall herds in the current study and underscores 880 

that lameness consistently affects at least one out of four milking dairy cows. This highlights that 881 

continued improvement efforts are needed to reduce lameness prevalence. Farms in this study 882 

were assessed in the summer, which may have resulted in lower HHLP than might be detected in 883 

winter months (Cook, 2003). In the 2014 NAHMS study (Adams et al., 2017), the prevalence of 884 

mild to severe lameness was reported to be 9.6% (n = 191 herds), which is substantially lower 885 

than the HLLP detected in this study, as well as other studies cited above. The 2014 NAHMS 886 
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study had more than 70 observers evaluating lameness on 191 farms, with viewing of a single 887 

video as the only form of lameness training, and no inter-rater agreement was reported. It is 888 

possible that without inter-rater evaluation and limited training, observers in the NAHMS study, 889 

similar to the farmers’ estimates in our study, identified only the moderately and severely lame 890 

cows, resulting in apparent lameness prevalence being substantially lower than in other studies. 891 

In 2011, Cutler et al. (2017) determined that freestall and tiestall herds had 1.8 and 4.1 892 

times higher prevalence of lameness than the farmers estimated, which is similar to the factors of 893 

2.3 and 3.4 of HLLP determined in our study. These results indicate that the prevalence of 894 

lameness continues to be underestimated by farmers in Canada, which parallels underestimation 895 

reported elsewhere (Whay et al., 2003; Espejo et al., 2006; Šárová et al., 2011). Farmers’ 896 

estimates of HLLP are similar to measured severe lameness prevalence of 4 to 8% (von 897 

Keyserlingk et al., 2012), leading us to hypothesize that farmers are only identifying severe cases 898 

when they estimate the proportion of lame cows in their herd at a given time. This 899 

underestimation may be due the fact that 42% of our survey respondents said they never observe 900 

cows for lameness other than casual observation at milking. Detecting mild lameness can be 901 

challenging; observers should carefully watch cows walk for four strides (Flower and Weary, 902 

2010; Croyle et al., 2018). In addition, underestimation may be due to their inability to detect 903 

mild lameness, given a lack of formal training in lameness scoring. It is also possible that lame 904 

cows may not be seen due to “barn blindness,” where farmers recognize that when they see the 905 

same thing every day it becomes normalized (Croyle et al., accepted). On average, farmers were 906 

less confident in their ability to self-identify mild lameness, as compared to severe lameness, but 907 

they were confident (> 8 out of 10) of detecting both mild and severe lameness. This may be 908 

misplaced confidence, because farmers who were more confident in identifying mild lameness 909 
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did not have lower disparity in their estimates of lameness compared to those who were less 910 

confident. This is likely important in the problem of underestimation because the majority of 911 

lameness in herds is mild (von Keyserlingk et al., 2012). Despite farmers underestimating 912 

lameness, and feeling slightly less confident in identifying mildly lame cows, when farmers 913 

reported that they investigated (picked up the foot) of mildly lame cows within 48 h, that was 914 

associated with lower HLLP, whereas the investigation of only moderately to severely lame 915 

cows within 48 h was not associated with HLLP. This finding supports reports that early 916 

identification and treatment of lameness is associated with overall lower HLLP (Barker et al., 917 

2010a; Alawneh et al., 2012; Leach et al., 2012). The results of the present study also support the 918 

findings of a randomized trial that lameness cure is maximized if treatments are given to newly 919 

and predominately mildly lame cows, rather than severely or chronically lame (Thomas et al., 920 

2015; Döpfer et al., 2012), assuming that the farmers in our study treated lame cows after 921 

examining the hooves. 922 

In the current study, region was strongly associated with HLLP, indicating that there 923 

were one or more factors that were not accounted for by specific variable in the model that 924 

contributed to the HLLP in the West (16%) and Ontario (18%), being different from HLLP in the 925 

East (11%) and Quebec (37%). This is unlikely due to herd size or housing type since this was 926 

controlled for during analysis. This is also unlikely due to poor inter-rater agreement as there was 927 

a large range in lameness prevalence within each region, and inter-rater agreement scores for 928 

lameness were assessed both before the study began and weeks in the study (Croyle et al., 2018). 929 

Although the use of a professional hoof trimmer was significant in the univariable analysis 930 

(Table 4.3), it did not remain in the final multivariable model. Only 55% of farmers in Quebec 931 

reported using a professional hoof trimmer, whereas > 80% of farmers in the other regions 932 
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reported the use of a professional hoof trimmer. It is possible that this variable contributed to the 933 

apparent differences among regions, even though it was not retained in the model. Future 934 

research should explore access to hoof trimmers and the strength of hoof trimmer training 935 

relative to HLLP. 936 

Associations between herd-level lameness management practices and HLLP were 937 

evaluated. A limitation of this study is that the chronological order of lameness and the 938 

associated factors cannot be teased apart due to the cross–sectional nature of the study. In the 939 

current study, farmer-reported frequency of lameness evaluation was not associated with HLLP, 940 

which may be due to farmers not identifying mildly lame cows when they do evaluate their 941 

herds. In another Canadian study, Cutler et al. (2017) reported that almost all producers (98%) 942 

stated that they routinely check cows to identify new cases of lameness; however, our study 943 

prefaced the question with; “Outside of casual observation during milking, how often do you 944 

evaluate your herd for lameness” and 42% of producers reported that aside from casual 945 

observation, they never formally evaluated their herd for lameness. This is very similar to the 946 

UK where less than half of farmers were engaged in some form of proactive detection of lame 947 

cows (Barker et al., 2010). Detecting mild lameness in a cow takes training and focus, and casual 948 

observation is likely not enough to detect a mildly lame cow. There is evidence that resolution of 949 

lameness may be improved if active detection is chosen rather than casual observation (Wynands 950 

et al., 2016). 951 

At the farm level, a higher prevalence of dirty udders and dirty flanks were associated 952 

with greater HLLP. These animal-based measures may identify farms with dirtier lying areas, 953 

and has been hypothesized to be associated with more lame cows defecating in their stall 954 

(Chapinal et al., 2013; Ito et al., 2014). In addition, cows spend more time standing when only 955 
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dirty resting areas are provided (Fregonesi et al., 2007), and standing time is associated with 956 

increased prevalence of lameness (Cook et al., 2004b). Interestingly, dirty udders were 957 

associated with a higher increase in HLLP compared to dirty flanks and legs (Figures 4 b, c, d), 958 

and might be a useful cleanliness tool for identifying lameness problem herds. Because there is a 959 

lot of emphasis on udder cleanliness already for milk quality management, farmers struggling in 960 

this area may likely be struggling with other management issues related to lameness. The current 961 

study showed that hock injury prevalence was positively associated with HLLP, which supports 962 

the individual cow-level findings in previous research that hock injuries are associated with 963 

lameness (Zaffino Heyerhoff et al., 2014; Solano et al., 2015; Charlton et al., 2016). Because all 964 

of these studies were cross-sectional it is still unclear what the temporal relationship is among 965 

these animal-based measures, and further research should be done to explore the incidence of 966 

lameness following hock injuries.  967 

Although it has been reported that access to pasture, hoof trimming frequency and use of 968 

a professional hoof trimmer (Espejo and Endres, 2007), as well as use of a footbaths (Chapinal et 969 

al., 2013), and herd size (Adams et al., 2017) are associated with lameness prevalence, these 970 

variables were only significant in our univariable analyses and could not be included in the final 971 

multivariable model. This could be due to the presence of potential confounding variables that 972 

may have not been considered in this study. For example, there is evidence that quality of the 973 

footbath (e.g. chemical maintenance or length of footbath) (Cook et al., 2012; Ariza et al., 2018; 974 

Holzhauer et al., 2004) can have a positive or negative effect on cure rates for digital dermatitis, 975 

and this detailed information was not captured in our national survey. In addition, hoof trimming 976 

frequency has been reported to both positively and negatively affect hoof health and is dependent 977 

on efficacy of hoof trimming techniques and barn design (e.g. cement flooring compared to 978 



83 
 

83 
 

rubber flooring) (Vanegas et al., 2006; Ouweltjes et al., 2009) which were also not captured in 979 

the survey data. In addition, due to the cross-sectional nature of the study, the temporal 980 

relationship between hoof health management practices and HLLP could not be determined. For 981 

example, farms with high prevalence of digital dermatitis and lameness may choose to increase 982 

footbath frequency. 983 

High bedding depth was associated with a lower HLLP in the final model. The dose-984 

dependent relationship was obvious in the univariable analysis and the dose-dependent 985 

relationship remained at most levels in the final multivariable model, but was not complete at the 986 

> 15 cm of bedding level. The association between deep beds and reduced lameness has been 987 

reported by other investigators (Cook et al., 2004; Husfeldt et al., 2012). Our study is unique in 988 

showing lower prevalence of lameness with each increment of bedding depth from 0 to 15 cm. 989 

While not proof of a causal effect, this dose-dependent relationship supports the recommendation 990 

to provide increased amounts of bedding to reduce lameness. In addition, other previously 991 

identified explanatory variables such as curb height, stall width, and use of a scraper were not 992 

measured in this study, and might be confounders of the relationship between bedding depth and 993 

lameness. 994 

 995 

CONCLUSIONS 996 

 997 

 Although 12% (44 out of 374) farms were able to have a HLLP ≤ 10%, one quarter of the 998 

cows in our study were experiencing at least mild lameness. Forty-two percent of farmers did not 999 

actively evaluate their herd for lameness, and farmers underestimated lameness prevalence, 1000 

regardless of their confidence in their ability to detect lameness, or the frequency of active herd-1001 
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level evaluation of lameness. These findings indicate that farms need to evaluate lameness 1002 

beyond casual observation, and perhaps there needs to be emphasis on identifying mild 1003 

lameness, rather than just severe lameness. Future work should validate farmer training, farmer 1004 

confidence, and ability to accurately identify lame cows at an early stage so that overall HLLP 1005 

may be reduced. Increasing the depth of bedding is likely useful in reducing overall HLLP. 1006 
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Table 4.1 Frequency of herd management and demographic categorical variables in a survey of 1142 

1,157 dairy farms in Canada (Phase I), of which 374 were visited (Phase II) for measurement of 1143 

the prevalence of lameness and injuries. 1144 

Categorical variable Level Overall 

P-value1 

Herd % 

(Phase II) (n = 374) 

Herd %  

(Non-Phase II) (n = 783) 

Region West < 0.01 16.0 13.3 

Quebec  32.5 49.2 

Ontario  35.5 34.0 

West  16.0 3.5 

Barn Type Freestall < 0.01 52.8 32.4 

Tiestall  44.8 65.1 

Pack  2.4 2.5 

Herd Size  < 40 lactating cows 0.87 26.3 28.7 

40 to 90 lactating cows  39.4 50.3 

> 90 lactating cows  34.2 21.0 

Organic Status Certified Organic 0.69 3.5 2.8 

Not organic  96.5 97.2 

Milk Recording  No recording 0.53 16.2 12.5 

Recording   83.8 87.5 

Milk Yield 

(kg/cow/305 d) 

(< 8,809) 0.02 26.2 22.0 

(> 8,809 to 10,450)  49.4 50.5 

(> 10,450)  24.4 27.5 

Hoof Trimmer  Professional < 0.01 72.8 70.1 

Other (e.g. farmer/vet)  27.2 29.9 

Hoof trimming 

frequency 

1x / year 0.03 19.6 20.9 

2x /year  53.5 50.1 

>2x / year  18.5 17.3 

When needed  8.4 11.6 

Foot bath frequency Never < 0.01 54.3 72.4 

< 1 to 3x / week  36.1 23.0 

> 3x / week  4.6 9.5 

Active lameness 

evaluation 

frequency2 

Never 0.85 44.8 42.1 

1x -2x / year  18.7 20.4 

>2x / year  36.5 37.5 

Time from observation 

to lifting feet 

(mildly lame) 

≤ 48 h 0.05 46.0 48.5 

> 48 h  41.1 37.3 
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1The P-value refers to the unconditional associations with herd-level lameness prevalence. 1145 

Variables with bolded P-values were offered to the multi-variable model in Phase II. P-value 1146 

only refer to Phase II farms where lameness prevalence was recorded. 1147 

2Where lameness was evaluated in a herd beyond casual observation of cows when they are 1148 

being milked  1149 

When vet or hoof 

trimmer comes 

 12.9 14.4 

Time from observation 

to lifting feet 

(severely lame) 

≤ 48 h 0.19 78.1 77.5 

> 48 h  16.6 16.1 

 vet/hoof trimmer comes  5.8 6.4 

Farmers self-rated 

confidence in 

identifying mildly 

lame cows  

Low Confidence 0.32 24.2 21.8 

Medium Confidence  36.8 32.8 

High Confidence  39.0 45.3 

Farmers self-rated 

confidence in 

identifying severely 

lame cows  

Low Confidence 0.57 6.4 8.1 

Medium Confidence  15.0 13.8 

High Confidence  78.6 78.8 

Majority of lameness 

attributed by farmer 

to specific issue of: 

Infectious disease 0.28 45.2 43.3 

Non-infectious disease  38.0 39.8 

Swollen Knees/Hocks  11.0 11.6 

Other injury  5.9 5.4 

Farmer perceived 

depth of bedding3 

0-2.5 cm < 0.01 27.8 23.0 

> 2.5 - 7.6 cm  36.9 44.7 

> 7.6 - 15.3 cm  21.2 21.2 

> 15.3 cm  14.1 10.9 

Does your lactating 

herd have access to 

pasture at any point 

in the year 

Yes 

No 

< 0.01 30.8 

71.4 

28.6 

69.9 

Does your dry cow 

herd have access to 

pasture at any point 

in the year 

Yes 

No 

< 0.01 55.6 

44.4 

58.2 

41.8 

 

Time between 

deciding to cull a 

lame cow, and 

when the cow 

actually leaves the 

farm 

< 3 days 0.07 16.8 15.9 

3 days – 1 week  37.6 33.8 

>1 week - 3 weeks  25.5 27.6 

>3 weeks – 6 weeks  11.2 11.1 

>6 weeks  8.7 11.6 
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3Bedding depth was defined as the average amount of bedding measured from the base (e.g. 1150 

cement or mattress to the highest point of the bedding).  1151 
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Table 4.2. Mean herd-level prevalence of animal-based measures of welfare from farms visited in Phase II of the 2015 Canadian 1152 

National Dairy Study at national and regional levels, where n is the number of farms assessed per region. 1153 

1Animal-based measures listed use methodology for data collection reported in Croyle et al. (2018).   1154 

  Herd Level Prevalence (%) 

 All Canada (n =374) West (n = 60) Ontario (n = 133) Quebec (n = 122) East (n = 60) 

Animal 

measures1 

Mean Median 

[min-max] 

Mean Median 

[min-max] 

Mean Median 

[min-max] 

Mean Median 

[min-max] 

Mean Median 

[min-max] 

Hock Injury 31.7 27.6 [0.0-100.0] 22.7 19.12 [0.0-100.0] 30.0 24.0 [0.0-100.0] 38.5 36.3[0.0-100.0] 28.5 25.6 [0.0-100.0] 

Lameness 29.2 25.0 [0.0-85.0] 22.2 21.4 [3.3-59.3] 23.3 21.0 [0.0-82.2] 44.5 43.9 [13.3-85.0] 16.8 14.0 [0.0-56.7] 

Dirty Udder 4.0 1.2 [0.0-57.0] 3.6 1.4 [0.0-27.5] 2.5 0.0 [0.0-17.7] 5.5 3.0 [0.0-33.3] 4.2 2.0 [0.0-57.0] 

Dirty Leg 9.9 3.8 [0.0- 79.7] 17.8 8.3 [0.0-20.5] 7.7 3.0 [0.0-71.0] 8.8 3.4 [0.0-72.4] 9.5 2.0 [0.0-62.0] 

Dirty Flank 9.4 4.75 [0.0-80.7] 11.6 6.8 [0.0-59.0] 6.6 3.0 [ 0.0-50.0] 11.5 6.8 [0.0-80.7] 9.2 3.0 [ 0.0-60.0] 

BCS ≤ 2 0.2 0.0 [0.0-10.2] 0.6 0.0 [0.0-10.2] 0.1 0.0 [0.0-4.0] 0.1 0.0 [0.0-5.0] 0.3 0.0 [ 0.0-5.0] 
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Table 4.3 Final multivariable model results for predicted mean prevalence of lameness1 based on 1155 

back transformations of logit-transformed Herd-Level Lameness Prevalence (HLLP). 1156 

Variable Class 
 Estimated 

HLLP% 
95% CI 

Intercept     

Region Quebec  37.2 a 32.4-42.2 
 East  10.7 b 8.82-12.9 
 Ontario  17.2 c 14.6-20.1 
 West  16.0 c 12.8-19.7 

     

Bedding Depth2 0.0-2.5cm   23.6 a 19.9-26.9 
 >2.5 cm - 7.6 cm   21.9 b 18.8-25.2 
 >7.6 cm- 15.3 cm   18.9 c 15.9-22.3 
 >15.3 cm  20.8 a b c 17.7-24.3 

     

Barn Style Free  25.7 a 23.7-27.7 
 Pack  11.1 b 7.1-17.0 
 Tie  22.0 c 19.7-24.4 

Time to 

investigate a 

mildly lame 

cow3 

≤ 48 h 

48 h 

when vet/hoof trimmer 

comes 

 16.4 a 14.1-19.2 

 18.9 b 16.7-21.9 

 21.0 b 17.3-25.3 

1 Model-predicted prevalence of lameness differs (P < 0.01) for levels within a variable with 1157 

different superscripts  1158 

2 Bedding depth was the typical depth of bedding on top of the base (e.g. concrete or mattress) 1159 

perceived by the farmers  1160 

3 Farmers were asked, “when you identified a cow with mild lameness in your lactating herd, 1161 

typically how soon would someone pick up and examine the cow’s feet” 1162 

1163 
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Table 4.4. Final multivariable linear regression results for lameness prevalence in 374 farms 1164 

across Canada. The odds ratio (OR) represents the odds of lameness in the category level 1165 

compared to the comparator category, in the context of the other explanatory variables. 1166 

Variable Category Comparator Category OR 95% CI P-value  

Region East ON 0.57 0.47-0.70 < 0.01  
 East QC 0.20 0.16-0.25 < 0.01  
 East West 0.63 0.49-0.81 < 0.01  
 ON QC 0.35 0.30-0.41 < 0.01  
 ON West 1.09 0.89-1.39 0.41  
 QC West 3.12 2.46-3.96 < 0.01  

Bedding depth1 0.0-2.5 cm >2.5-7.6 cm 1.19 1.00-1.42 0.04  
 0.0-2.5 cm >7.6-15.3 cm 1.53 1.24-1.89 < 0.01  
 0.0-2.5 cm >15.3 cm 1.20 0.94-1.54 0.12  
 >2.5-7.6 cm >7.6-15.3 cm 1.28 1.06-1.55 0.01  
 >2.5-7.6 cm >15.3 cm 1.00 0.79-1.27 0.95  
 >7.6-15.3 cm >15.3 cm 0.81 0.61-1.00 0.05  

Barn Type free pack 2.76 1.64-4.67 < 0.01  
 free tie 1.22 1.01-1.42 < 0.01  
 pack tie 0.44 0.25-0.74 < 0.01  

Time to investigation of 

mild lameness2 

≤ 48 h >48 h 0.84 0.73-0.98 0.02  

≤ 48 h when trimmer/vet comes 0.74 0.60-0.90 < 0.01  
 >48 h when trimmer/vet comes 0.87 0.73-1.07 0.20  

Hock Injury Prevalence3 

Dirty Udder 4 

Dirty Flank 4 

For every 5% increase in HIP 

For every 5% increase in DU 

For every 5% increase in DF 

1.04 

1.12 

1.05 

1.03-1.06 

1.04- 1.19 

1.01-1.08 

< 0.01 

< 0.01 

< 0.01 

 

1Bedding depth was the typical depth of bedding on top of the base (i.e. concrete, mattress) 1167 

perceived by the farmers 1168 

2Farmers were asked “when you identified a cow with mild lameness in your lactating herd, 1169 

typically how soon would someone pick up and examine the cow’s feet” 1170 

3Hock injury prevalence was based on the 4- point system where as 0 and 1, were not considered 1171 

injuries, and a 2 and 3 were considered injuries (Gibbons et al., 2012; Croyle et al., 2018) 1172 

4 Dirty udders and dirty flanks were based on a the system where a clean designation was given 1173 

for ‘up to minor splashing, and a dirty designation was given for ‘distinct plaques to a solid 1174 

manure plaque’ (Croyle et al., 2018; Dairy Code of Practice Section 3.10)  1175 
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Figure 4.1 . Comparison of measured and farmer-estimated herd-level lameness prevalence 1176 
(HLLP)1 for freestall Canadian dairy farms surveyed in Phase II (n=197). The mean prevalence 1177 
lameness was 27.5%, ranging from 3.3 to 85%. Mean farmer-estimated lameness was 11.3%, 1178 
ranging from 5 to 61% 1179 

 1180 

1. Detected herd-level lameness prevalence includes mild to severe lameness. This was ≥ 3 1181 

on a 5-point locomotion score (Dairy Research Portal, 2018; Croyle et al., 2018) 1182 
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Figure 4.2 Comparison of detected and farmer-estimated herd-level lameness prevalence 1192 

(HLLP)1 for tiestall Canadian dairy farms surveyed in Phase II (n = 197). The mean prevalence 1193 

lameness was 27.5%, ranging from 3.3 to 85%. Mean farmer-estimated lameness was 11.3%, 1194 

ranging from 5 to 61% 1195 

 1196 

 1197 

1. Detected herd-level lameness prevalence includes mild to severe lameness. At least 2 of 4 1198 

indicators of lameness were detected. 1199 
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Figure 4.3 Unconditional relationship of stall bedding depth and herd-level lameness prevalence  1207 

1The line is the median, the ends of the box the 25th and 75th percentiles, and the end of the bars 1208 

95% of the data. 1209 

 1210 
 1211 

 1212 
1Bedding depth was the typical depth of bedding on top of the base (e.g. concrete or mattress) 1213 

reported by farmers.  1214 
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Figure 4.4 (a-d) Graphs A through D are visual depictions of different scenarios using the 1215 
results of the multivariable linear regression model. Unless otherwise noted in the graph, shallow 1216 
bedding (0.0-2.5 cm), freestall type housing, acting on mild lameness within 48 h, and region of 1217 
Ontario were held constant; unless otherwise noted the median values for continuous variables 1218 
(i.e. dirty udders, dirty flank, and hock injuries) were used. 1219 
 1220 
 1221 
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Figure 4.4a Relationship between hock injuries and lameness prevalence by regions in Canada 1246 
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Figure 4.4b. Relationship between herd level lameness prevalence and hock injury/ dirty udder/ 1248 
dirty flank prevalence by housing type (Freestall vs. Tiestall). DU, DF, and HIP represent the 1249 
herd level prevalence of dirty udders, dirty flank, and hock injury prevalence. Scoring 1250 
methodology for these animal-based measures can be found in Croyle et al. (2018). 1251 
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Figure 4.4c Relationship between herd level lameness prevalence and hock injury/ dirty 1254 

udder/ dirty flank prevalence by bedding depth (0.0-2.5cm vs 7.6-15cm)  1255 
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Figure 4.4d Relationship between herd level lameness prevalence and hock injury/ dirty 1259 
udder/ dirty flank prevalence between Quebec and Ontario 1260 
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Supp. Figure 4.1. Partial causal diagram for measured variables associated with herd level lameness prevalence. Thicker arrows 1263 

represent potential confounders 1264 

1265 
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HOCK INJURY PREVALENCE AND RESTING SURFACES ON 1289 

CANADIAN DAIRY FARMS 1290 

 1291 

 1292 

ABSTRACT 1293 

The objectives of this study were to (1) estimate the herd-level hock injury prevalence (HIP), (2) 1294 

describe resting area characteristics (i.e. type of base and depth of bedding) (3), compare the HIP 1295 

to farmers perceptions of how well their resting area mitigates hock injuries (4) assess 1296 

associations among resting area characteristics, other animal-based measures (e.g., lameness 1297 

prevalence  and udder cleanliness), and herd demographics. A cross-sectional National Dairy 1298 

Study (NDS) was conducted in the summer of 2015. The NDS consisted of a questionnaire 1299 

offered to all Canadian dairy producers and a follow-up visit to a subset of 374 farms. The 1300 

questionnaire had an 11 % response (n= 1,157) and contained questions related to resting area 1301 

surface management, perceptions of the role of resting area surface for cow comfort and hock 1302 

injury mitigation. The survey also contained herd demographic information (e.g. herd size, barn 1303 

type). During farm visits, HIP was assessed using a 4-point scoring system and given a final 1304 

dichotomous score of either injured or not injured.  The mean and median herd-level hock injury 1305 

prevalence was 31% and 27 %, ranging from 0 to 100 %. Lower HIP was associated with access 1306 

to pasture, use of deeper bedding, and lower prevalence of lameness. The majority of farmers 1307 

surveyed reported their cow resting surfaces were comfortable and minimize hock injuries, and 1308 

there was only a small difference in perceived comfort of the resting surfaces between farmers 1309 

whose herd were above or below the median HIP. 1310 

  1311 
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INTRODUCTION 1312 

 1313 

The global dairy cattle herd level hock injury prevalence (HIP) is reported to be between 1314 

37 and 81% (e.g. Kielland et al., 2009; Lombard et al., 2010; Brenninkmeyer et al., 2013; Cook 1315 

et al., 2016a), and in Canada HIP has been similarly reported, at 39 and 47% (Zaffino Heyerhoff 1316 

et al., 2014; Jewell et al., 2019). These injuries range from small scabs to open sores, with or 1317 

without major swelling (Gibbons et al., 2012; Nash et al., 2016a; Croyle et al., 2018), and are 1318 

understood to be painful (Huxley and Whay, 2006). The pain experienced by the cow has been 1319 

validated indirectly through inflammatory changes which have been measured by 1320 

histologic and thermographic methods (Haager, 2016).   1321 

When cows are housed indoors, the softness and compressibility of the resting surface are 1322 

important because they directly relate to cow injuries (Manninen et al., 2002; Fulwider and 1323 

Palmer, 2004).  An important criterion for any housing design is that the facilities cause minimal 1324 

injuries to cattle (National Animal Care Council, 2009 ; Ruud et al. , 2010), however it is unclear 1325 

what farmers consider to be comfortable or cause minimal damage.  The resting area under a 1326 

cow can be complex as the lying surface consists of multiple components:  the base, the bedding 1327 

material placed on the base (i.e. mattress, sand, sawdust) and the depth of bedding material 1328 

provided (i.e. how many centimeters of bedding on top of a mattress).   1329 

The multitude of possible combinations for the resting area creates challenges in 1330 

interpreting data from observational studies. For example, research has shown that there is a 1331 

higher prevalence of lame cows in herds with mattresses compared to deep bedding (Cook et al., 1332 

2004; Ito et al., 2010; Solano et al., 2015; Nash et al., 2016a) however, these types of studies 1333 

may combine mattress and simple rubber mats into one category. Combining these base types 1334 
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may prevent differentiation of mattress compared to rubber mats since preference studies have 1335 

shown that cows prefer mattresses over mats (Husfeldt and Endres, 2012). There is a positive 1336 

effect of deeper bedded lying areas compared to harder lying areas (e.g. concrete, hard mats) on 1337 

leg health when the depth of the bedding on top of the harder lying areas is not accounted for 1338 

(Weary and Taszkun, 2000; Wechsler et al., 2000; Vokey et al., 2001; Nash et al., 2016a).  A 1339 

concern with cross sectional studies is that researchers do not always make it clear how much 1340 

bedding was present on top of a stall surface, or what type of bedding was present on the stall 1341 

surface, especially when rubber mats are the base.  (e.g. Wechsler et al., 2000; Andreasen and 1342 

Forkman, 2012; Brenninkmeyer et al., 2013; Ito et al., 2014).  It is likely that because of  the 1343 

variation in the under-reported attributes that base-type investigations have yielded both positive 1344 

and negative associations with injury concrete, mattresses, and rubber mat bases have been 1345 

compared.  1346 

Some experimental studies have shown that cows prefer deeper bedding (more than2 to 3 1347 

cm) on different mat or mattress types (Tucker et al., 2003; Wolfe et al., 2018), and that 7.5 kg of 1348 

bedding (approximately 7.6 cm of depth) resulted in higher preference for resting on a mattress 1349 

surface (Tucker and Weary, 2004). Although 7.6 cm resulted in increased comfort, it is unknown 1350 

whether or not 7.6 cm is sufficient to minimize hock injuries.   1351 

To our knowledge, no studies have explored the complex relationships among the base, 1352 

bedding, and bedding depth with a wide variety of base types, in order to help identify whether 1353 

increased bedding depth is associated with lower HIP. 1354 

A Canadian National Dairy Study (NDS) was carried out in 2015 to benchmark and 1355 

investigate prioritized dairy industry issues, where welfare was ranked as a top priority, on farms 1356 

across Canada (www.nationaldairystudy.ca)  (Bauman et al., 2016). Through the NDS, 1357 
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descriptive data on resting surface area management practices were gathered, farmers’ 1358 

perspectives on their resting surfaces were explored, and HIP was assessed across Canada, 1359 

including farms in all 10 provinces.  1360 

Data from the National Dairy Study was used to fulfill the following objectives: The 1361 

objectives of this study were to (1) estimate the herd-level hock injury prevalence (HIP), (2) 1362 

describe resting area characteristics (i.e. type of base and depth of bedding) (3), compare the HIP 1363 

to farmers perceptions of how well their resting area mitigates hock injuries (4) assess 1364 

associations among resting area characteristics, other animal-based measures (e.g., lameness 1365 

prevalence  and udder cleanliness), and herd demographics.  1366 

 1367 

MATERIALS AND METHODS 1368 

 1369 

Data used for this study originated from a cross-sectional study of the Canadian dairy 1370 

cattle industry, and was undertaken in 2015 by teams of researchers based in five Canadian 1371 

universities. The study was conducted in two phases: a comprehensive questionnaire (Phase I) 1372 

was administered between March and May, followed by a farm visit (Phase II) to a sub-sample 1373 

of questionnaire respondents between May and August.  1374 

Ethics approval for both human participants and animal use was obtained through each 1375 

participating university: University of Calgary (REB#14-2481; AC#15-0048), University of 1376 

Guelph (REB#14DC025; AUP#3320), Université de Montréal (15-007-CERES-D; 15-rech-1377 

1786), University of Saskatchewan (AUP#20150037) and the University of PEI (REB#6006095; 1378 

AUP#15-106). 1379 

 1380 
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Phase I: Questionnaire 1381 

The questionnaire (www.nationaldairystudy.ca/the-study) was distributed to every 1382 

licensed dairy farmer in Canada (11,664) and consisted of 254 questions that encompassed a 1383 

broad range of management practices and herd demographics for the farm. These included 1384 

geographic location, herd size, housing type (e.g. tiestall), and other important aspects of dairy 1385 

farming (e.g. biosecurity and reproductive practices), as well as key elements for the present 1386 

study (e.g. resting surface design and farmers’ perspectives of the ability to provide comfortable 1387 

lying areas for their lactating cows). Questions were multiple choice, sliding scale (1 to 10), or 1388 

fill-in-the-blank.  Details of the survey distribution and response characteristics can be found in 1389 

Belage et. Al., 2017 and Bauman et al., 2018.During the survey, farmers were asked about their 1390 

base, bedding, and bedding depth for the resting area used by their milking herd. Farmers were 1391 

also asked to respond, using a Likert scale (strongly disagree, disagree, neither agree or disagree, 1392 

agree, strongly agree) for the following statements: ‘The rest area for my lactating cows provides 1393 

comfort’ and ‘The rest area for my lactating cows minimizes hock injuries.’ Farmers were also 1394 

asked whether their milking herd had access to pasture at any point during their lactation. 1395 

Additional herd management characteristic data collected in the surveyed are listed in Table 5.1. 1396 

 1397 

Phase II: On-farm data collection 1398 

 1399 

  Training and Animal-based Measures Methods. Fourteen evaluators were hired and 1400 

trained for the purpose of on-farm cow evaluation.  The evaluators were veterinary students 1401 

(n=9), research technicians (n=3), and undergraduate students (n=2) with moderate to no 1402 

experience in hock injury scoring.  The training focused on the evaluation of dairy cows for 1403 

http://www.nationaldairystudy.ca/the-study
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animal-based measures ( i.e. hock injuries, lameness, body condition, and cleanliness). = Details 1404 

of the training program and it’s effectiveness are described elsewhere (Croyle et al., 2018). All 1405 

observers needed to meet a minimum individual kappa agreement score of 0.6 (substantial 1406 

agreement) for all animal-based measures, when compared to an expert. Table 5.2, provides a 1407 

description of the scoring rubrics for all animal-based measures. The determination for each 1408 

animal-based measured was dichotomized (e.g. injured or not injured, lame or not lame). 1409 

Farm Data Collection. Sample size for farm visits for the NDS was based on estimation 1410 

of a proportion of common diseases in dairy cattle (Dohoo et al., 2009), and was determined to 1411 

be 368 farms, based on 95% confidence, and a 5% margin of error. Farms in each province 1412 

across Canada were selected proportional to the approximate proportion of the national dairy 1413 

herd that resided in that province. 1414 

During the farm visits, a random sample of cows in the milking herd was assessed using 1415 

sample sizes developed for the national Animal Care Assessment Program (DFC, 2018) and 1416 

described in more detail online (www.nationaldairystudy.ca/the_study). Data were recorded 1417 

using an iPad (Apple Inc., Cupertino, CA) with Excel (Microsoft Office, Washington) software.  1418 

A detailed description of how cows were selected and scored by barn type is reported in (Croyle 1419 

et. al 2019). Briefly, animal-based measures were recorded in headlocks, in the parlor, or in 1420 

tiestalls. The number of cows scored for animal-based measures, and the total number of cows in 1421 

the herd on that day were recorded and used to calculate within herd prevalence.  For example, 1422 

the number of cows with hock injuries placed over the total number of milking cows scored, and 1423 

this percentage was used as the estimate of HIP. Either the left or right hock was observed and 1424 

recorded for injury as many milking parlor designs only allow visualization of the right or left 1425 

hock, so the number of injured hocks was doubled to estimate the prevalence of hock injuries 1426 

http://www.nationaldairystudy.ca/the_study
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(HIP), as injuries are typically evenly distributed between the right and left legs on cows within a 1427 

herd= (Zaffino Heyerhoff et al., 2014).  1428 

Stall base and bedding material on top of the base were recorded. Bedding depth was 1429 

measured in three visually representative locations in the back third and front third of the stall. 1430 

Measurements were taken from the base (e.g. mattress or cement) to the highest point of the 1431 

bedding, and placed into a depth category and compared to farmers’ responses to bedding depth 1432 

in the survey ( i.e. 0.0 to 2.5 cm, > 2.5 to 7.6 cm, > 7.6 to15.3 cm , and > 15.3 cm).   Due to: 1) 1433 

variation between the day of the visit and the day bedding was added, 2) notes from data 1434 

collection reporting that farmers either just added bedding, or were due to add bedding the next 1435 

day, 3) most farmers (79%) reporting the same depth category as measured by researchers 1436 

(79%), and 4) the farmers not in agreement with researchers reporting both below and above the 1437 

measured depth, the farmers’ estimated ‘typical amount of bedding,’ rather than the single 1438 

measured observation, was used in the analysis.. If there was a difference of > 1 category of 1439 

depth of bedding between the measured and reported depth, the level between the two was used 1440 

(n= 3 farms).  1441 

Analysis 1442 

All survey data were transferred directly from the Qualtrics  and Excel documents, and 1443 

permanently stored and analyzed within SAS version 9.4 (SAS Institute Inc., Cary, NC). Herd-1444 

level estimates of animal-based measures (e.g. lameness prevalence and HIP) were kept as 1445 

continuous variables for the multivariable analysis.  Self-reported herd size, milk yield, and 1446 

farmers’ confidence in identifying mild lameness were classified into three categories using 1447 

quartiles, where the high group was the top quartile, the low group was the lowest quartile, and 1448 

the middle group included the 2nd and 3rd quartiles. When the questionnaire respondent selected 1449 
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‘other’  for lying area base and the farm was not assessed in Phase II, the description of ‘other’ 1450 

was used to assign the herd to an existing category whenever possible based on best fit. For 1451 

example, if a farmer selected other, and described their base as being foam with a layer of rubber 1452 

on top, rubber filled mattress was selected. The ten Canadian provinces were categorized into 1453 

four regions (Ontario, Quebec, West (BC, AB, SK, MB), and East (PE, NL, NB, NS)) based on 1454 

power for statistical analysis and similar herd demographics by region. Likert scales were 1455 

maintained as the original 5 categories from strongly agree to strongly disagree.  1456 

Descriptive statistic were calculated in SAS using Proc Freq and Proc Means, and output 1457 

data from SAS were graphed in Excel. A Wilcoxon rank-sum test was used to assess whether 1) 1458 

farms below and above 10% ( a national proAction target)  2) farms below or above the median 1459 

herd level hock injury prevalence  or 3) farmers that did or did not attribute lameness to hock 1460 

injuries, would have different ranks for bedding efficacy (i.e. comfort of resting area and ability 1461 

of the resting area to mitigate hock injuries.  Proc NPAR1WAY in SAS was used to asses the 1462 

Likert scale responses for ranks among the groups. The Wilcoxon rank-sum test determined the 1463 

directions and  whether the ranking in one farmer groups differed significantly from the ranking 1464 

of  another. In order to explore the combination of base and bedding depth as used on farm with 1465 

the prevalence of HIP, farms were places into quartiles for HIP. 1466 

To identify herd-level risk factors associated with HIP, a general linear regression model 1467 

was built using the PROC MIXED procedure in SAS, with a logit transformation of the outcome 1468 

to constrain the model predications between 0 and 100%. The Mantel-Haenzel method was used 1469 

to test for confounding as variables were added and removed during the model building process. 1470 

Model fit was assessed by examining normality and homoscedasticity of the residuals 1471 

graphically. Outliers were evaluated to assess the fit of the model. Characteristics of extreme 1472 
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values were examined to understand their impact on the models. No outliers were removed. The 1473 

model results were expressed by back transforming the values to get the least-squares means 1474 

prevalence. Odds ratios were calculated to compare groups containing both different bases and 1475 

different bedding depths, in the context of other explanatory variables, and subsequently the least 1476 

squares mean value was marked to identify when groups were significantly different from each 1477 

other in the final model result tables. Independent variables from the National Dairy Study data, 1478 

that were thought to be potential risk factors or confounders for HIP based on biological 1479 

plausibility and previous research, underwent univariable screening, using simple linear 1480 

regression (PROC GLM in SAS) to explore unconditional associations with HIP. An assessment 1481 

of multi-collinearity was performed using a tolerance test in SAS. If tolerance values were ≤ 0.1 1482 

only the more biologically relevant variable was maintained (Doorman et al, 2013). Variables 1483 

with a P-value ≤ 0.2 in the univariable regressions were retained for inclusion in multivariable 1484 

analysis. Plausible two-way interactions were tested and added to the model if their P-value was 1485 

< 0.05.  For the interaction of bedding depth and base type, only combinations where the 1486 

category contained at least 3 farms were retained in the analysis. Multivariable linear regression 1487 

analysis was conducted using a manual backwards stepwise model-building approach (Dohoo et 1488 

al. 2012). A significance level of α ≤ 0.05 was used to retain variables in the multivariable 1489 

models.  1490 

RESULTS 1491 

Survey 1492 

The response rate was 11.8% (n= 1,373), with 855 (81 %) respondents indicating that 1493 

they would participate in a subsequent on-farm visit (Phase II) if asked. Participation in Phase I 1494 
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and selection of farms for Phase II was proportional to the number of farms in each province and 1495 

is presented on the study website (www.nationaldairystudy.ca/the-study).  1496 

 1497 

Resting Area Characteristics 1498 

The distribution of resting area base type, bedding depth, and bedding material are 1499 

presented in Table 5.3. To better represent how farms utilize the base type with bedding depth, 1500 

Figure 5.1 provides the distribution of both Phase I and Phase II farms by base type and bedding 1501 

depth. The majority (76 %) of surveyed farmers provide their milking herd with a resting area 1502 

that consists of either a rubber-filled mattress base or a rubber mat base. Twenty-two percent (n= 1503 

225) of farms surveyed in the NDS used rubber-filled mattress or rubber mat bases with less than 1504 

2.5 cm of bedding on the mattress, and 35 % (n =357) used  > 2.5 cm to 7.6 cm of bedding on 1505 

rubber-filled or rubber mat bases, meaning that 57 % of farms in Canada utilize rubber mats or 1506 

rubber-filled mat with less than 7.6 cm of bedding on top. Figure 5.1 shows that the farms 1507 

sampled in Phase II had similar distributions of base and bedding depths as those surveyed in 1508 

Phase I. However, farms visited had proportionally fewer rubber mat bases, and proportionally 1509 

more concrete bases with deeper bedding. 1510 

 1511 

Farmer perceptions 1512 

Fifty-nine percent of farmers agreed or strongly agreed that their resting surface 1513 

minimized hock injuries for the cow, while 7 % disagreed. Table 5.4 demonstrates that Phase I 1514 

and Phase II farmers provided the same distribution of agreement regarding their bed surfaces, 1515 

and highlights that the highest HIP was found at the neutral and disagree levels. Farmers who 1516 

either strongly disagreed or strongly agreed had the lowest HIP. Although farmers mostly agreed 1517 

http://www.nationaldairystudy.ca/the-study
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that their resting surface minimized hock injuries and provided comfort, farmers who used 1518 

rubber mats and concrete bases were more likely to disagree (Figure 5.2). Figure 5.2 1519 

demonstrates that other than those who bed cows on concrete and rubber mat bases, 90% of 1520 

farmers believed their resting space provided comfort and minimized hock injuries.  1521 

  Ninety-one percent (n=931) of farmers indicated that they never or occasionally 1522 

attributed lameness to hock injuries, while 9% (n = 87) indicated most of the time or always. 1523 

When farmers attributed lameness to hock injuries they were significantly (p < .05) more likely 1524 

to disagree that their resting area provided comfort or minimized hock injuries. However, 1525 

farmers with herds above the median HIP did not rank the ability of their resting area to provide 1526 

comfort or minimize hock injuries differently than farmers who fell below the target or below the 1527 

median.   1528 

  1529 

Descriptive Phase II Data 1530 

 1531 

     Descriptive data for all animal-based measures can be found in Croyle et al.,TBD. In brief, 1532 

lameness prevalence was 29 %, BCS of less than two was 0.2%, dirty udder, leg, and flank were 1533 

4 %, 10 % and 9 % respectively.  The mean and median herd-level hock injury prevalence was 1534 

31% and  27 %, ranging from 0 to 100 %. The median HIP was higher in herds bedded on rubber 1535 

filled mattresses, rubber mats, and waterbeds regardless of bedding depth (Figure 5.3). Only 5 to 1536 

23 % of farms were those base types were able to have HIP in the lowest quartile, where the HIP 1537 

ranged from 0 to 9 %, regardless of bedding depth on top of the base (Figure 5.3). As bedding 1538 

depth increased for the mat and mattress base types, the trend was a reduction of herd in the top 1539 

quartile ( HIP  > 46 %). Although fewer herds used concrete and dirt bases, most of the herds 1540 
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had HIP within quartile 1. As bedding depth increased in those herds, there was a reduction in 1541 

HIP, with no herd in quartile 4 (HIP > 46%), where bedding depth was  > 7.7 cm. 1542 

        There was a significant difference (Figure 5.4a and 5.4b) in how farmers perceived their 1543 

resting when farmers were divided based on attributing lameness to hock injuries, being above or 1544 

below the median HIP ( 27 %); and  HIP of  <10 %, which is considered an excellent target for 1545 

the Dairy Farmers of Canada proAction animal care assessment (DFC, 2018). Although 1546 

statistically significant, the Wilcoxon mean score difference was less than 20% for each 1547 

comparison, indicating that farmers above the target and above the median HIP had only slightly 1548 

more agreement that their beds were comfortable and minimized hock injuries compared to those 1549 

below the median or below the target (Figure 5.4a and 5.4b). 1550 

 1551 

Model Results for HIP 1552 

Descriptive data for body condition, herd demographic distributions and HIP 1553 

management practices are described in Table 5.1. Univariate analysis for all animal-based 1554 

measures with HIP were performed; cleanliness scores (udder, flank, and leg), and lameness 1555 

were significant (P-value < 0.05), and body condition score of less than 2 was not significant. 1556 

There was a significant interaction between bedding depth and base type (p < 0.01) and bedding 1557 

type and base type (P < 0.04) with HIP, which was also offered to the multivariable model. With 1558 

a logit transformation, the residuals were normal. The tolerance test resulted in no 1559 

multicollinearity of variables.  1560 

For the final multivariable describing HIP, only region, bedding depth, base type, the 1561 

interaction between bedding depth x base type, lameness prevalence, and whether or not the 1562 

milking herd had any access to pasture, remained significant.  For every 5% increase in the herd-1563 
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level lameness prevalence, the hock injuries increased by a factor of 1.19 (CI: 1.11 - 1.28 (P < 1564 

0.001)). There was an interaction between bedding depth and base type used for the resting 1565 

surface (Table 5.5). Access to pasture during any point of the lactation period was associated 1566 

with lower HIP (8.0 %) as compared to herds without pastures access (18.0 %). Regionally, 1567 

Quebec and the Western regions were associated with lower HIP than Ontario and the Eastern 1568 

regions.  1569 

The interaction of base type and bedding depth was explored in Table 5.6. Base-type and 1570 

bedding depth interaction analysis occurred where the class combination had at least 3 farms. In 1571 

farms that utilized concrete base, there was a dose dependent relationship for each bedding level 1572 

increase and the estimated HIP (Table 5.6), however no farms utilized a concrete base with less 1573 

than 2.5 cm of bedding, so that level could not be assessed. There was no difference between 1574 

bedding depth levels where there was a dirt base, rubber mattress base, or mat base (Table 5.6). 1575 

In table 5.6, the bedding base type is explored by bedding depth, demonstrating that HIP is not 1576 

significantly different for any base-types when bedding depth is less than 2.5 cm. There is a 1577 

significant difference in dirt and all other base types when  > 2.5 to 7.6 cm of bedding is used. 1578 

When moderate bedding depth was used >7.6 to 15.3 cm, rubber filled mattress and rubber mats 1579 

had significantly higher HIP compared to concrete and dirt base types.  At the deepest bedding 1580 

level ( > 15.3 cm)  rubber filled mattress bases were associated with lower HIP (19.2 %) 1581 

compares to rubber mats (34.1 %).  1582 

DISCUSSION 1583 

 1584 

The aim of this study was to estimate the national prevalence of HIP and associated 1585 

management practices on Canadian dairy farms. This study highlights that resting surface area 1586 
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for the lactating cow herd is associated with hock injuries, and that mattresses and mats were 1587 

associated with greater HIP even with greater bedding depth on top of those bases.  The majority 1588 

of farmers perceive that that their milking herds’ resting surface area was comfortable and 1589 

minimizes hock injuries even when they used minimal bedding on a mattress, and when their 1590 

herd was above the median HIP.  1591 

 1592 

Hock injury prevalence and associations with management practices 1593 

 The overall herd level hock injury prevalence was 31 %, which is similar to reports from other 1594 

comparable studies, (von Keyserlingk et al., 2012; Zaffino Heyerhoff et al., 2014; Nash et al., 1595 

2016), and also similarly to other studies a quarter of the farms are able to keep HIP below 10% . 1596 

These findings demonstrate that low levels of hock injuries is an achievable goal for Canadian 1597 

dairy producers. The risk factors associated with HIP are highly integrated with the infrastructure 1598 

of the barn, and include the base and depth of bedding.  1599 

  As demonstrated by the descriptive portion of this study, the majority ( 57% ) of farms 1600 

were using mattresses with less than 7.6 cm of bedding, when studies have shown that cows 1601 

prefer at least 7.5 kg of bedding , which is approximately 7.6 cm (Tucker and Weary, 2004). 1602 

Ninety percent of farmers using mattresses with < 15.3 cm of bedding were not able to maintain 1603 

HIP below 9% (Figure 5.2), indicating that although cows prefer at least 7.6 cm of bedding 1604 

depth, injuries on mattress and mats were still prevalent in herds that use mattresses and mats 1605 

with 7.6 to 15.3 cm of bedding.  1606 

Dirt and cement bases can function well as bases for deeper bedded systems and pack 1607 

barns. We attempted to control for these variables by including barn design type in the analysis, 1608 

https://www.sciencedirect.com/science/article/pii/S0022030219301146#bib31
https://www.sciencedirect.com/science/article/pii/S0022030219301146#bib33
https://www.sciencedirect.com/science/article/pii/S0022030219301146#bib25
https://www.sciencedirect.com/science/article/pii/S0022030219301146#bib25
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as well as by recording incremental bedding depths. It is possible however, that aside from the 1609 

actual depth of bedding present in the deep bedded system, there are other factors that are 1610 

unaccounted for which may contribute to what seems to be contradictory evidence that concrete 1611 

is a better base than mattress even when deep bedding is present. For example, mat and mattress 1612 

designs within stalls usually do not include a retaining wall or bedding keeper, so as time goes 1613 

by, the bedding falls into the alley and the free-flowing movement of bedding is reduced, 1614 

resulting in more contact with the rubber surface of the matt or mattress. Only one farm was 1615 

recorded as having a bedding keeper bedding keeper We propose that maintaining >15.3 of 1616 

bedding required a retaining wall, bedding keeper, or frequent top ups, all of which add 1617 

construction, material, and/or labor costs. Because more farmers with concrete bases ‘disagree’ 1618 

that their bedding surface was comfortable and minimized hock injuries, compared to farmers 1619 

using different base types, it is possible that they compensated by providing increased frequency 1620 

of bedding application or were more attentive to maintaining a minimal amount of bedding in the 1621 

stalls. This warrants further investigation. 1622 

We had hypothesized that in general, with increased depth of bedding, there would be 1623 

lower HIP, including mattress or mat base. The lack of substantial improvement in HIP for 1624 

mattress and mats with deeper bedding, could be due to a number of factors that we did not 1625 

record. Mattresses and mats may have a higher friction surface when cows get up and down. In 1626 

contrast, it is possible that the base of cement or dirt may become smooth with wear. Age of the 1627 

surface base may result in smoother surfaces due to wear, and age of base was not recorded.  1628 

When a cow lies down, she may displace bedding on top and slide against rubber or fabric 1629 

mattress cover, creating opportunity for chronic rubbing and ulceration.  Future studies should 1630 

examine more closely the material covering a mattress, how old the mattress is, and how it 1631 
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mitigates or increases risk for hock injury.  Farmers may actually put less bedding on top of 1632 

newer mattress types, and the age or type of mattress could have been a confounder for the HIP 1633 

outcome. A limitation of our study is that the age and specific mattress type and brand was not 1634 

recorded. For example studies have shown that mattress can get harder over time (Fulwider and 1635 

Palmer, 2004), which may alter pressure on the hock. 1636 

In the current study, region was strongly associated with HIP, indicating that there were 1637 

one or more factors that were not accounted for by specific variables in the model that 1638 

contributed to the HIP. Herds in Western Canada and Quebec had slightly lower HIP (10 %) than 1639 

Ontario and Eastern Canada (15%). This is unlikely due to herd size or housing type since this 1640 

was controlled for in analysis. This is also unlikely due to poor inter-rater agreement as there was 1641 

a large range in lameness within each region, and inter-rater agreement scores for lameness were 1642 

assessed both before the study began and weeks in the study (Croyle et al., 2018).  1643 

We found that pasture access was associated with lower HIP. Other studies have shown 1644 

hock and leg injuries as well as lameness to be more common in fully housed animals compared 1645 

to those with access to pasture  (Haskell et al., 2006; Hernandez-Mendo et al., 2007).  1646 

 1647 

Perceptions 1648 

 Researchers have postulated that farmers and herd advisors, including veterinarians and 1649 

researcher are aware of the risks of poorly-bedded mats and mattresses, but use them anyway for 1650 

economic reasons (Weary et al. 2008). Based on the results of this study we propose that farmers 1651 

using mattresses with little bedding believe that they are minimizing hock injuries and providing 1652 

a comfortable resting place for their cows. Although farmers may be using these base types  1653 

based on cost, farmers may not be as well aware of the risk of hock injuries as assumed. Mattress 1654 
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and mats were used by the majority of farms (>70 %), and more than 90 % of farmers using 1655 

mattress strongly agreed  or agreed that their resting surface provided comfort and minimized 1656 

hock injuries, despite extension resources like the Wisconsin Dairyland Initiative recommending 1657 

against their use (Dairy Land Initiative , 2019). It is possible that the message regarding mattress 1658 

and mats has been circulating in research and academic settings, and farmers are not as aware of 1659 

the risks. Interestingly, there was minimal difference between perception of the quality of the  1660 

resting surface whether the farm was above or below the median for HIP, or above or below the 1661 

HIP target of less than 10%. This may be due to farmers being unaware of their HIP. More work 1662 

should be done to understand why farmers feel they are achieving comfort in their resting areas, 1663 

and what perceptions farmers have regarding the presence and mitigation of hock injuries.  In 1664 

this way, potential barriers or motivators for best management practices to reduce hock injuries 1665 

could be identified. 1666 

HIP Association with other animal-based measures. 1667 

  This study explored the association of HIP with herd-level lameness prevalence. In 2011 1668 

the Canadian estimates for hock injury prevalence using the same scoring system were 47 % in 1669 

freestalls (Zaffino Heyerhoff et al., 2014) and 56 % in tiestalls  (Nash et al., 2016), compared to 1670 

the 31 % in the present study. This may reflect a difference in the farms sampled, but it may also 1671 

indicate that in four years the industry in Canada has improved management and reduced overall 1672 

prevalence of hock injuries. Here, 12 % of farms reported using > 15.3 cm, so deeper bedded 1673 

practices through the use of packs or deeply bedded stalls may have increased.  Farmers may 1674 

also have made changes to stall management practices in preparation for the implementation of a 1675 

national animal care assessment, which assesses hock injury prevalence on all Canadian dairy 1676 

farms (DFC, 2018).  Results of the current study indicate that hock injury prevalence was 1677 
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associated with herd-level lameness prevalence, which supports the individual cow-level 1678 

findings in previous research that hock injuries are associated with lameness (p<.001) (Zaffino 1679 

Heyerhoff et al. 2014; Solano et al. 2015; Charlton et al., 2016). Because all of these studies are 1680 

cross-sectional, it is still unclear what the temporal relationship is: does lameness occur before or 1681 

after hock injuries, or do the two animal-based measures occur due to common causes such as 1682 

stall design and bedding management?  1683 

At the farm level, dirty udders, were not associated with HIP. Other studies have found a 1684 

correlation between severe hock injuries and SCC (Fulwider et al., 2007), and clinical mastitis 1685 

and teat injury (Sogstad et al., 2006), indicating that cows with severe hock injuries, also had 1686 

poor udder health. This is likely due to poorly kept bedding surface area.  1687 

 1688 

Study Limitations 1689 

        Cows were not identified at an individual level on farm, so data such as age and parity was 1690 

not measured. Parity can effect injuries, where older cows have more hock damage than younger 1691 

cows in freestall systems (Weary and Taszkun, 2000; Rutherford et al., 2008; Kielland et al., 1692 

2009; Zaffino Heyerhoff et al., 2014a). It is therefore possible that age of cows recorded was a 1693 

potential confounder in the relationship all assessed variables and HIP. This study also did not 1694 

account for stall curb height. A study reported that overfilling or under filling deep bedded stalls 1695 

results in reduced and increased lying times respectively, and it is suggested by the authors that 1696 

hocks may come into contact with the curb when beds are under-filled (Drissler et al., 2005). If 1697 

under-filling was accounted for, it is possible that concrete and dirt bases in deep bedded 1698 

systems, may have performed even better. Future studies should explore the bedding depth 1699 
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below or above the curb height, comparing multiple types of bases and bedding depth-resting 1700 

surfaces.   1701 

Due to the cross sectional nature of this study, hock injuries were only recorded on one 1702 

day. It is unknown how long it takes for hock injuries to develop or resulted when transitioning 1703 

from one resting surface to another, and we did not gather data related to time on pasture 1704 

surrounding time of data collection, which could have influenced results.  1705 

CONCLUSION 1706 

 1707 

       Despite two decades of research investigating facility design and management practices for 1708 

minimizing hock injuries (e.g. Weary and Taszkun, 2000; Zaffino Heyerhoff et al., 2014; Cutler 1709 

et al., 2017), the HIP remains high at a mean of 31% of cows on Canadian dairy farms. Farmers 1710 

are not achieving minimization of hock injuries, even when they report that their resting surface 1711 

is providing comfort. For farmers wanting to reduce risks for hock injuries, they could consider 1712 

access to pasture,  increased depth of bedding, although the relationship of increased bedding 1713 

depth on top of a mattress, without knowing other mattress qualities, is unknown and may 1714 

translate to mixed results.  1715 
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Table 5.1.  Frequency of herd management and demographic categorical variables in a survey of 1,157 dairy farms in Canada (Phase 1845 
I), of which 374 were visited (Phase II) for measurement of the prevalence injuries. The P-value refers to the unconditional 1846 
associations with herd-level hock injury prevalence. Variables with bolded P-values were offered to the multi-variable model in Phase 1847 
II.  1848 

Categorical variable Level Overall 

P-value1 

Herd % 

(Phase II) (n = 374) 

Herd %  

(Non-Phase II) (n = 783) 

Region West < 0.01 16.0 13.3 

Quebec  32.5 49.2 

Ontario  35.5 34.0 

West  16.0 3.5 

Barn Type Freestall < 0.01 52.8 32.4 

Tiestall  44.8 65.1 

Pack  2.4 2.5 

Herd Size < 40 lactating cows < 0.01 26.3 28.7 

40 to 90 lactating cows  39.4 50.3 

> 90 lactating cows  34.2 21.0 

Organic Status Certified Organic 0.13 3.5 2.8 

Not organic  96.5 97.2 

Milk Recording No recording 0.02 16.2 12.5 

Recording  83.8 87.5 

Milk Yield 

(kg/cow/305) 

(< 8809) 0.02 26.2 22.0 

(>8809 to 10450)  49.4 50.5 

(> 10450)  24.4 27.5 

Hoof Trimmer Professional 0.23 72.8 70.1 

Other (e.g. farmer/vet)  27.2 29.9 

Hoof trimming 

frequency 

1x/ year < 0.01 19.6 20.9 

2x /year  53.5 50.1 

>2x / year  18.5 17.3 

When needed  8.4 11.6 
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Foot bath frequency Never 0.51 54.3 72.4 

< 1 to 3x / week  36.1 23.0 

> 3x / week  4.6 9.5 

Active lameness 

evaluation frequency2 

Never 0.57 44.8 42.1 

1x -2x /year  18.7 20.4 

>2x /year  36.5 37.5 

Time from observation 

to lifting feet (mildly 

lame) 

≤ 48 hrs 0.02 46.0 48.5 

>48 hrs  41.1 37.3 

 

When vet or hoof 

trimmer comes 

 12.9 14.4 

Time from observation 

to lifting feet (severely 

lame) 

≤ 48 hrs 0.74 78.1 77.5 

>48 hrs  16.6 16.1 

Vet/hoof trimmer comes  5.8 6.4 

Farmer perceived depth 

of bedding3 

0-2.5cm < 0.01 27.8 23.0 

>2.5- 7.6 cm  36.9 44.7 

>7.6- 15.3 cm  21.2 21.2 

>15.3 cm  14.1 10.9 

Resting area base Dirt < 0.01 5.7 5.3 

 Concrete  17.5 9.2 

 Rubber Mat  33.7 41.2 

 Rubber Filled  38.1 37.4 

 Waterbed  2.74 2.4 

 Other  2.1 4.4 

Bedding Type Straw or hay < 0.01 47.4 57.2 

 Wood shavings  16.3 16.4 

 Sawdust  17.7 16.5 

 Sand  10.1 4.5 

 Peat  1.1 1.1 

 No bedding  0.8 1.2 
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 1849 

1 P-value only refer to Phase II farms where lameness prevalence was recorded 1850 

2 Where lameness was evaluated in a herd beyond casual observation of cows when they are being milked  1851 

3 Bedding depth was defined as the average amount of bedding measured from the base (e.g. cement or mattress to the highest point of 1852 

the bedding)  1853 

  1854 

 Other  4.0 2.3 

Does your lactating 

herd have access to 

pasture at any point in 

the year 

Yes 

No 

< 0.01 30.8 

71.4 

28.6 

69.9 

Does your dry cow 

herd have access to 

pasture at any point in 

the year 

Yes 

No 

0.17 55.6 

44.4 

58.2 

41.8 
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Table 5.2. From (Croyle et. al, 2018) Simplified descriptions* of the dichotomous scores for “Acceptable” and “Unacceptable” 1855 
animal-based measures of welfare used to train assessors for the National Dairy Study.  1856 
 1857 
Animal-based 

Measure 

Acceptable Unacceptable 

Hock Injuries No swelling with minor or no hair loss (score 0) 

OR  

No swelling with bald area (score 1) 

Minor swelling and/or broken skin or scab (score 2) 

OR  

Major swelling (thickness ≥ 2.5 cm), with or without 

bald area or lesion (score 3) 

 

BCS Corrugation visible to more than half the length 

of the short rib from the tip to the spine 

Corrugation visible to less than or equal to half the 

length of the short rib from the tip to the spine 

 

Lameness (freestall) Score ≤ 2 on a standard 5 point locomotion 

score, indicating no limp 

Score ≥ 3 on a standard 5 point locomotion score,  

indicating a mild limp to severe limp 

 

Lameness 

(tiestall)** 

Less than 2 out of 4 behavioral indicators for 

lameness were observed (i.e. rest, edge, shift, 

uneven steps) 

Two or more out of the 4 behavioral indicators for 

lameness were observed (i.e. rest, edge, shift, uneven 

steps) 

 

Cleanliness: 

leg,flank, or udder 

Little or no manure to minor splashing Distinct plaques with hair showing through, to a solid 

manure plaque 

 1858 
*Detailed photographic descriptions of animal-based measures of welfare listed can be viewed in the Animal Comfort Tool at 1859 
www.dairyresearch.ca (Dairy Research Portal, 2018).  1860 
 1861 
**The stall lameness score indicators of lameness are described as follows: (1) edge: cow places hoof or hooves on edge of stall), (2) 1862 
rest: cow lifts a hoof or hoof heel off of the ground and replaces it to the same location, (3) shift: (regular, repeated shifting of weight 1863 
from one hoof to another), and (4) uneven steps: more rapid movement by one foot compared to the other or by an evident reluctance 1864 
to bear weight on a particular foot when the cows was moved side to side (Leach et al., 2009; Dairy Research Portal; 2018). 1865 
 1866 

 1867 
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Table 5.3.  The distribution of base type, bedding depth, and bedding type for dairy farms in Canada based on responses to a survey in 1868 
2015.  1869 

      

Resting Area 

Characteristics  

 % All Farms 

(n = 1045) 

% Freestall 

( n= 399) 

% Tiestall 

(n=617) 

% Pack 

(n= 27) 

     

 

Base  

     

rubber mat  38.5 20.9 51.1 3.5 

rubber filled 

mattress 

 37.7 45.2 34.5 3.5 

concrete  12.2 15.5 10.1 13.8 

dirt  5.5 8.0 1.0 69.0 

other  3.6 4.0 3.1 10.3 

water  2.6 6.4 0.3 0.0 

      

Bedding Type      

straw or hay  53.8 26.0 71.8 53.6 

sawdust  17.0 25.1 11.7 17.9 

shavings  16.4 21.6 13.6 3.6 

sand  6.4 16.5 0.2 0.0 

other  2.9 4.7 1.1 17.9 

composted manure  1.3 3.2 0.0 3.6 

peat  1.1 1.0 1.1 3.6 

no bedding  1.0 2.0 0.5 0.0 

 

Bedding Depth      

0.0 - 2.5 cm  24.7 38.6 16.9 0.0 

>2.5 - 7.6 cm  42.0 29.3 51.7 3.7 

>7.6- 15.3 cm  21.3 13.3 27.4 3.7 

>15.3 cm  12.0 18.8 4.1 92.6 

 

      



132 
 

132 
 

      

Table 5.4. Proportion of  responses of farmers responding to a survey (n= 1,373) statement that the resting area for their milking herd 1870 
mitigates hock injuries, and the mean herd-level hock injury prevalence for a subset of 374 farms visited to measure hock injuries. 1871 

Likert scale for resting area 

mitigating hock injuries 

Proportion (n) of farms Herd-level hock injury prevalence 

Phase I Phase II Mean SE MIN MAX 

strongly disagree 1.1 % (7) 1.4 % (5) 11.2 % 8.9 0 46.9 

disagree 4.6 % (28) 5.5 % (20) 45.5 % 5.3 0 94.2 

neutral 14.1 % (103) 12.1 % (44) 44.1 % 4.2 0 100 

agree 38.2 % (266) 36.6 % (133) 35.1 % 2.1 0 100 

strongly agree 42.0 % (277) 44.3 % (161) 24.1 % 1.8 0 100 

 1872 

 1873 
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Table 5.5. Multivariable model for predicted herd level mean hock injury prevalence (HIP) 1874 
(back transformations of logit- transformed Herd-Level Hock Injury Prevalence (HIP)).  1875 
 1876 

 1877 

 1878 

 1879 

 1880 

 1881 

 1882 

 1883 

 1884 

 1885 

 1886 

 1887 

 1888 

 1889 

 1890 

1 Model-predicted prevalence of lameness differs (P< 0.01) for levels within a variable with 1891 

different superscripts  1892 

2 Bedding depth was the typical depth of bedding on top of the base (e.g. concrete or mattress) 1893 

reported by the farmers  1894 

3 Depth by base interaction is seen in table 6 1895 

Variable Class 
 Estimated 

HIP%1 
95% CI 

Intercept     

Region West  8.9 a 4.8-13.5 

 Quebec  9.0 a 5.2 - 14.9 

 Ontario  15.7 b 10.2 – 21.5 

 East  19.2 b 11.7 – 28.3 

     

Bedding depth2 0.0- 2.5cm   16.2 a b 10.1 - 25.1 
 >2.5 cm - 7.6 cm   20.9 a 13.9 - 30.1 
 >7.6 cm- 15.3 cm   12.8 b 7.5 - 20.8 
 >15.3 cm  5.3 c 2.7- 10.0 

Resting area base     

 Concrete  5.6 a 3.5 - 8.9 

 Dirt  6.1 a 2.8 - 12.7 

 Water  10.8 a 3.0 – 31.7 

 Other  16.7 a 2.8 – 58.5 

 Rubber filled  22.5 b 16.8 – 29.5 

 Rubber Mat  23.4 b  17.4 – 30.6 

     

Depth x base 

interaction 3 
----- 

 
--- --- 

     

Milking herd 

access to pasture 
Yes 

 
18.0 a 12.3 - 25.5 

 No  8.0 b 5.2 -13.5 
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Table 5.6. Multivariable model – herd level mean hock injury prevalence (HIP) (back 1896 
transformations of logit- transformed Herd-Level Hock Injury Prevalence (HIP)). 1897 
 1898 

Variable Class Class Estimated 

HIP % 1 

95 % CI 

Base x Depth 2 Base Bedding Depth 

 Concrete 0.0 -2.5 cm  - - 

  >2.5 cm - 7.6 cm  32.7 a 14.7 - 57.7 

  >7.6 cm- 15.3 cm  6.2 b 3.0 - 12.2 

  >15.3 cm 1.17 c 0.6 - 2.2 

     

 Dirt 0.0 -2.5 cm  - - 

  >2.5 cm - 7.6 cm  5.5 a 1.3 - 20.2 

  >7.6 cm- 15.3 cm  3.2 a 0.5 - 18.1 

  >15.3 cm 4.3 a 1.6 - 10.5 

     

 Rubber Filled 

Mattress 

0.0 -2.5 cm  24.4 a 16.9 - 33.7 

 >2.5 cm - 7.6 cm  32.8 a 23.7 -  43.4 

  >7.6 cm- 15.3 cm  30.0 a 16.8 - 47.7 

  >15.3 cm 19.2 a 3.4 - 61.1 

     

 Rubber Mat 0.0 -2.5 cm  32.8 a 21.2 - 47.1 

  >2.5 cm - 7.6 cm  32.0 a 22.7 - 42.9 

  >7.6 cm- 15.3 cm  18.9 a 11.0 - 30.4 

  >15.3 cm 34.1 a 11.8 - 66.4 

     

 Waterbed 0.0 -2.5 cm  12.6 a 3.9 - 33.6 

  >2.5 cm - 7.6 cm  - - 

  >7.6 cm- 15.3 cm  - - 

  >15.3 cm - - 

 1899 

1.  Model-predicted prevalence of lameness differs (P< 0.01) for levels within a variable 1900 

with different superscripts  1901 

2. The model accounts for region, pasture access, bedding depth, and base type 1902 

 1903 

 1904 
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Figure 5.1.  Distribution of the resting area surface and the depth of bedding provided on top of that base on Canadian dairy farms.  1905 

 1906 

 1907 

 1908 

 1909 

 1910 



136 
 

136 
 

Figure 5.2. Distribution of Likert scales for farmer agreement that their resting area provides comfort and minimizes hock injuries. 1911 
Data are from 1,373 responses to a survey. 1912 

 1913 

 1914 
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 Figure 5.3. Comparison of hock injury prevalence by resting surface. Percentage of farms in 1915 
each base and bedding depth category that fell into the herd level hock injury prevelance 1916 
(HIP).The median HIP is provided in the far right column. (n= 373 farms visited once to measure 1917 
HIP). 1918 

 1919 

 1920 

 1921 

 1922 

 1923 

 1924 

0% 20% 40% 60% 80% 100%

2.6 - 7.6 cm ( 3 )

0.0 - 2.5 cm ( 7 )

>15 cm ( 6 )

7.7 -15.3 cm (29 )

2.6 - 7.6 cm ( 56 )

0.0 - 2.5 cm ( 32 )

>15 cm ( 3 )

7.7 -15.3 cm ( 19 )

2.6 - 7.6 cm ( 57 )

0.0 - 2.5 cm ( 57 )

>15 cm ( 11 )

7.7 -15.3 cm ( 3 )

2.6 - 7.6 cm ( 5 )

>15 cm ( 29 )

7.7 -15.3 cm ( 22 )

2.6 - 7.6 cm ( 20 )

  Q1 ( 0 - 8.9 % ) Q2  ( ≥ 8.9 -27.4 %) Q3 ( ≥ 27.4 - 46.4 %) Q4 ( ≥ 46.4 -100% )

Dirt

Rubber Mat

Rubber Filled

Water

Other

Concrete

Median 

10.4 % 

7.2 % 

2.1 % 

8.0 % 

7.2 % 

4.1 % 

36.9 % 

36.9 % 

32.0 % 

28.0 % 

20.8 % 

 

31.2 % 

47.2 % 

39.4 % 

24.6 % 

21.9 % 
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 1925 

Figure 5.4A and5. 4B Farmers’ perceptions of their resting area for their lactating herd in it’s 1926 
ability to minimize hock injuries and provide comfort.  Farmers were compared in three different 1927 
categories  1) their herd was above or below  the median (27%) herd level hock injury 1928 
prevalence (HIP) 2) their herd was above or below the Dairy Farmers of Canada’s proAction 1929 
excellent target 10% 3) farmers who did or did not attribute the majority of lameness in their 1930 
herd to hock injuries were also compared.  A Wilcoxon Rank test was used to determine if there 1931 
was a significant difference (p <.001) between ranks of the compared farmer groups. 1932 

 1933 

1934 

 1935 

 1936 

 1937 

 1938 

 1939 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Occassionally attribute lameness to hock injuries

Attribute lameness to hock injuries most of the time

Herds  above the median ( > 27 % HIP)

Herds below the median ( ≤ 27 % HIP)

Herds  above  proAction target (  > 10% HIP)

Herds below  proAction target ( ≤ 10% HIP )

Farmers' perceptions of their resting area in minimizing hock injuries 

strongle disagree disagree neutral agree strongly agree

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Occassionally attribute lameness to hock injuries

Attribute lameness to hock injuries most of the time

Herds  above the median ( > 27 % HIP)

Herds below the median ( ≤ 27 % HIP)

Herds  above  proAction target (  > 10% HIP)

Herds below  proAction target ( ≤ 10% HIP )

Farmers' perception of their resting area  providing comfort 

strongly disagree disagree neutral agree strongly agree

* 

* 

* 

* 

* 

* 
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DAIRY FARMERS’ EXPECTATIONS AND RECEPTIVITY 

REGARDING ANIMAL WELFARE ADVICE: 

A FOCUS GROUP STUDY 
 

 

ABSTRACT 

 
Discussion and incorporation of best practices for animal welfare have been increasing in 

research, and in commercial operations, including through welfare assessment initiatives. The 

aim of this study was to explore dairy farmers’ perceptions on being approached and receiving 

advice related to animal welfare (i.e. lameness, hock injuries, and disbudding practices). It is 

useful for dairy consultants, researchers, or animal welfare assessment programs to gain an in-

depth understanding of farmers’ expectations when broaching the subject of animal welfare 

issues in order to facilitate communication around what can be perceived as a sensitive topic. 

Qualitative data were collected through focus group methodology. Five focus groups of farmers 

(n= 36 in total), took place in Ontario, Canada. Discussions were audio recorded and transcribed 

verbatim. Participant age ranged from 21 to 80 (median = 47). Represented herd size ranged 

from 25 to 550 milking cows (median = 75). Farm type included freestall (n=14) and tiestall 

(n=22).  Rigor was incorporated by utilizing systematic thematic analysis; transcripts were coded 

line by line, and codes were categorized, and then expanded and collapsed into themes, which 

were further refined to reflect the farmer perceptions in a thematic map. Thematic analysis of the 

farmer discussions suggested six major themes related to the receptivity and expectations of 

animal welfare advice.  Themes 1 to 4 provided insights into what farmers expected from entities 

broaching topics: 1) an established relationship with the farmer; 2) expertise in dairy 

care/welfare; 3) prevention of “barn blindness”; and 4) provision of animal care services before 

and after welfare issues are broached; theme 5 helped determine how welfare topics should be 
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broached – the communication approach; theme 6 identified who farmers feel should broach 

animal welfare topics on farm. In addition, focus group discussion provided insights into 

potential disconnects between farmer and veterinary expectations for animal welfare issues 

during herd health visits. Hence, those with established relationships with farmers are better 

received and expected to broach welfare issues, especially if they are perceived as someone who 

is an expert in animal care and welfare, and if they communicate the issue tactfully and work 

with the farmer to establish a plan of action. 

 

INTRODUCTION 

Welfare issues such as lameness and hock injuries affect, on average, one quarter to one 

half of cows on dairy farms (Croyle, 2017, von Keyserlingk et al., 2012). Although these welfare 

issues are prevalent, dairy industry stakeholders, including farmers, have ranked welfare as a top 

management issue on dairy farms, expressing a need to make it a priority for research purposes 

(Bauman et. al., 2016). Even though welfare is an issue, we posit that farmers care about welfare, 

and that investigating farmer perceptions and exploring potential communication barriers will 

contribute to improving welfare issues on farm.  Internationally, animal care assessments for 

dairy cows are increasingly used (Mench, 2003) through initiatives such as Farmers Assuring 

Responsible Management (http://www.nationaldairyfarm.com) in the United States, Red Tractor 

Assurance (https://assurance.redtractor.org.uk/) in the UK, and proAction Animal Care 

Assessment (https://www.dairyfarmers.ca/proaction) in Canada. These programs aim to measure 

and monitor the prevalence of animal care issues (e.g. lameness and hock injuries) on a program-

dependent frequency (e.g. once per year), and lend to an increased general awareness of welfare 

topics assessed, more conversation around welfare, and ideally improved welfare over time. 

https://www.dairyfarmers.ca/proaction
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Although these programs can enlighten farmers by demonstrating that they have a welfare issue, 

the programs essentially provide information rather than consultation at the time of assessment, 

which are often separated by long intervals. By only providing information, rather than 

consultation, there is a lack of conversation and potentially understanding and trust by the 

farmer.  Although farmers are starting to receive assessment guidelines and feedback from the 

assessments, little is known about farmers’ general perspectives on being approached with 

animal welfare issues and working to resolve them on their farms. Rigorous research methods 

have not previously been applied to explore when, if, by who, or how farmers want welfare 

issues broached and addressed on farm.  

The role of the veterinarian has been shifting from providing individual animal care, to 

one of advice and consultation (LeBlanc et al., 2006). Other service providers, advisors, and 

mandated assessors are increasingly involved in bringing information related to welfare to 

farmer’s attention. Therefore, it is important that veterinarians and potentially other consultants 

have an understanding of their clients’ expectations for animal welfare advice, and associated 

communication around the topic. There is some limited evidence through observation and 

discussion with veterinarians, that the responsibilities to both the client and the animals can make 

discussions on animal welfare challenging for veterinarians (Morgan, 2009; Meijboom, 2018), 

but there is a gap in knowledge on the farmers’ perspectives. 

Due to the implementation of the mandatory proAction assessment program in Canada 

that was taking place during this study, it was expected that Canadian farmers might be engaging 

in discussions about animal care with stakeholders in the industry (i.e. other farmers, 

veterinarians), creating a contextually unique opportunity to ask dairy farmers about their 

experiences, expectations and perspectives in assessing and discussing welfare issues on their 
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farms. To investigate farmers’ perspectives (i.e. expectations around welfare assessment and 

communication), qualitative methods are often used. Focus groups are used in qualitative 

research to enhance conversation among peers, gather multiple points of view, and maximize the 

richness of the data collected (Creswell, 2007).   Recently, qualitative methods using focus 

groups and interviews, have been applied to understanding livestock farmers’ beliefs about herd 

health issues such as calf health (Sumner et al,  2018), veterinary roles for herd health in sheep 

(Kaler and Green, 2013), and motivation for hoof health changes (Bruijnis et al., 2013).  

Our aim was to apply rigorous qualitative methodology to explore dairy farmers’ 

perceptions about receiving advice on animal welfare issues on their farms. Specifically, we 

wanted to identify farmers’ expectations for broaching welfare issues and receptivity for 

discussions around welfare topics.  

 

MATERIALS AND METHODS 

The study protocol was reviewed and approved by the University of Guelph Ethics Board 

(REB#16NV021). 

 

Positionality statement 

Positionality refers to the stance or viewing lens of the researcher in relation to the social 

context of the study. The researcher’s positionality can affect what they choose to investigate, the 

angle of investigation, and can influence interpretation (Malterud, 2001; Cohen and Crabtree, 

2008). As a veterinarian and researcher in the area of dairy cattle welfare, the primary author was 

aware of general veterinary responsibilities, and was familiar with current welfare issues on dairy 

farms (e.g. hock injuries). However, the author lacked understating of what it is like to be a 
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farmer being evaluated on the welfare of their herds, and wanted to know more in order to 

provide insight to other consultants and researchers who may identify welfare issues on farm. 

This qualitative study involved the use of focus groups designed from a critical realist 

perspective which recognizes that in context, people attach meaning to experiences. Farmers in 

this study will have had lived experiences (e.g. relationships with advisors surrounding welfare 

topics or relationships with assessment program personnel) and developed expectations for 

discussions on welfare, which is in line with the critical realist’s approach. Through such 

experiences, opinions, and attitudes, farmers can formulate viewpoints on how and from whom 

they want to receive animal welfare advice. This aspect of social science is important for 

understanding why farmers may be receptive to, or implement advice on welfare. Relationships 

such as those with advisors can have causal effects that can both enable and constrain what 

individuals can accomplish (e.g. improving a welfare issue on farm) when managing a business 

(i.e. a dairy farm) (Easton, 2002; Storbacka and Nenonen, 2009).  Studying the farmers’ 

perspectives on the relationship between those giving welfare advice and themselves is 

important, and thus why the focus of this study is on how farmers perceive advice-giving, and 

how it related to their social processes. 

Study Design 

Focus groups were chosen as a means to collect detailed information about both personal 

and group sentiments (Krueger and Casey, 2015) related to farmers’ receptivity and 

communication interplay with those seeking to broach and discuss animal care issues. Farmers 

were recruited through advertisements distributed at local farmer meetings and distributed by key 

informants including veterinarians and nutritionists. Farmers were also enrolled through 

snowball sampling recruitment where farmers invited other farmers to attend focus groups. 
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Participants could call or e-mail to express interest, and subsequently were asked to invite other 

local dairy farmers. Seven to ten participants were recruited for each focus group in order to 

encourage open discussion through an effective group size (Krueger and Casey, 2015).  

Participants were provided an honorarium of $100 for their travel efforts, time, and participation. 

Participant eligibility criteria were being at least 18 years old, and a dairy farmer owning or 

leasing milk quota in Ontario. This manuscript was prepared and criteria were checked using 

COREQ (the Consolidated Criteria for Reporting Qualitative Research).  

 

Interview Guide, Data Collection, Analysis 

A trained and experienced facilitator (the first author) moderated the focus group 

discussions, which were audio-recorded and professionally transcribed to produce a verbatim 

account of all discussions. The focus groups took place at various community centers (e.g. 

libraries) central to participants’ farms. Participants had no previous relationships with 

facilitator. Study objectives were discussed with the participants and they were informed that the 

facilitator was a PhD candidate looking to gain insight into their perspectives related to welfare 

communication. Participants were not informed that the facilitator was a veterinarian, as we did 

not want to bias the discussions surrounding the topic of veterinarians.  A semi-structured 

interview guide with pre-planned prompts was used to ensure that the same core questions were 

asked for all groups. The interview guide was tested prior to the focus groups by three dairy 

farmers for clarity and understanding of questions. A range of strategies, such as “playing devils 

advocate” or asking farmers for “worst-case scenarios”, were used to minimize the risks of 

“group think” where participants might censor and conform their thoughts to shape their answers 

to fit with dominant members of the group (Krueger and Casey, 2015; MacDougall and Baum, 
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1997). Questions pertaining to communication on animal care and broaching animal care topics 

were asked. All questions were open-ended in nature, and were followed up by prompts (e.g., 

What made you come to that conclusion?) in order to gain insight into farmers’ perspectives. 

During the focus groups, farmers were asked general questions about their thoughts about animal 

care issues (e.g., What do you feel are the main animal welfare issues within dairy farms today?), 

and (e.g., Who do you feel is responsible for overseeing animal welfare on your farms?). 

Participants were also asked about resources for animal care issues (e.g., Where would you seek 

information prior to or after an animal care assessment?). Farmers were asked to discuss 

experiences where someone brought an animal care issue to their attention, with the follow-up 

questions (e.g., How did it make you feel? And what came of that discussion?). Farmers were 

also asked to provide examples of the best and worst ways someone could bring an animal 

welfare issue to their attention.  Hypothetical scenarios were also provided; farmers received 

hypothetical results where a report from an animal care assessment informed them that 25 % of 

their cows were lame or had hock injuries. Follow-up questions and probes were asked (e.g., 

How would that make you feel? and What would you do next?).  If the veterinarian was 

mentioned as a person expected to bring up welfare concerns, follow-up questions (e.g., How 

might that affect your relationship with your veterinarian?) were asked. The veterinarian was 

brought up by participants in all focus groups. 

An assistant took notes during the discussion to capture key group elements such as 

group dynamics, and body language (e.g. head nodding, head shaking by participants), which 

help interpret dialogue using body language (Krueger and Casey, 2015). At the end of each focus 

group the moderator and assistant audio recorded a debrief and took notes to evaluate group 

dynamics and achievement of objectives. Participants did not review the transcripts before 
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analysis by the researcher. To increase rigor, systematic analysis of the transcribed data was 

performed (Braun and Clarke, 2006). The focus group discussions were first listened to during 

the live focus groups, and later by listening to the audio multiple times (Braun and Clarke, 2006).  

After transcription, focus groups discussions were read, and then working codes were developed 

using the qualitative organizational software tool Quirkos (Quirkos Limited, Edinburgh, 

Scotland), by highlighting segments and creating labels in the transcripts. Through careful 

reading and re-reading of the transcripts (Creswell, 2013; Crabtree and Miller, 1999), unique 

codes were created to label ideas and concepts, and placed in a preliminary codebook. These 

codes were used by a second coder; subsets of the focus groups were coded using the preliminary 

codebook in order to identify discrepancies, create new codes or refine codes until agreement 

was meant, and codes were placed in a final codebook (Crabtree and Miller, 1999). The 

transcripts were coded within groups, and Quirkos was used to identify repetition of codes across 

groups. These codes were connected or separated through an iterative process of developing 

working themes and subthemes in the data.  The themes aim to help answer the questions 

pertaining to what reasons, how, by whom and why farmers want welfare issues broached and 

addressed on farm.  When referencing subthemes “some farmers” was used when only one or 

two groups referenced the subtheme. While “most farmers” was used when all five groups 

referenced subthemes. 

Participant quotes provided in the results section were selected for a variety of purposes 

(i.e. evidence for theme development, enabling voice of the participants, explanation of themes, 

etc.) (Corden and Sainsbury, 2006). Each focus group was assigned a random letter label (e.g. 

‘W’ or ‘R’) and then each participant in the group was assigned a number between 1 and 9 so 

that quotes could be reported and attributed to a single participant anonymously. For example, 
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farmer three in focus group ‘W’ was assigned the label ‘W3’ in the results section. All quotes 

were neutralized for gender as data were not analyzed or assessed by gender.  

Ultimately, themes were synthesized to help answer the questions from whom farmers 

want welfare advice, what is expected with the delivery of welfare advice (i.e. expected 

characteristics and skillsets), how they want welfare topics broached, and what is expected from 

those providing advice on welfare issues. Additionally, potential disconnects between veterinary 

and producer expectations were identified.  

RESULTS 

Demographics 

Five focus groups consisting of 36 farmers in total took place in dairy regions located in 

southwestern, central, and eastern Ontario, Canada. Participant ages ranged from 21 to 80 years 

(median = 47). Participants’ herd size ranged from 25 to 550 (median = 75) lactating cows. Farm 

type included freestall (n=14) and tiestall (n=22). There were 5 female farmers, and 31 male 

farmers. The facilitator and assistant were both female. The farmer-estimated average production 

ranged from 6,800 to 12,505 kg/cow/305-day lactation (median = 10,288 kg). Each focus group 

lasted between 108 and 129 minutes. 

Thematic Analysis Results 

Among all focus groups, farmers were congruent on welfare issues and priorities and 

identified the following as the main welfare issues on dairy farms: lameness, cattle handling, 

dehorning practices, injuries (i.e. hock injuries), calf care, transition cow disease, cull cow 

transport, down cow/euthanasia, and general physical health of the cows. There was discourse on 

whether or not tail docking was a welfare concern by some participants. Farmers discussed that 
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they thought consumers may identify pasture access, tiestalls, trainers, cow-calf separation, and 

group housing as additional welfare issues.  

The themes and subthemes identified through analysis are depicted in a thematic map in 

Supplementary Figure 6.1. For clarity, the themes are organized to help answer, “what is 

expected with delivery of welfare issues?” (Themes 1-4), “how they wanted them broached?” 

(Theme 5), and by “from whom they wanted the topics broached?” (Theme 6).  

Theme 1: An Established Relationship is Important to Farmers When One 

Broaches the Topic of an Animal Care Issue 

 
Consistently and emphatically, farmers from all focus groups identified that they wanted an 

established relationship with anyone broaching animal welfare topics and providing advice on 

animal care/welfare. Farmer V1 defined this as the “…guys that come in every week or month 

that we trust – and trust their word and trust their advice.” The most prominent reasons for 

wanting the established relationship were 1) they trust that person; 2) they would be more 

accepting of advice; and 3) they feel the person “…understands the industry… and knows [their] 

farm specifically and [their] farm goals” as specified by farmer R3.  This sentiment of 

established relationships resonated among all focus groups, and farmers would often continue 

each others’ thoughts in agreement. The following dialogue depicts this concept as a 

representative sample: 

“C5:  Not the government, not the animal welfare people, it has to be somebody that 

actually knows our farms - 

 C3: Yeah-the guys that work with us already. The veterinarian- 

 C6: -They know us.  

 C5: Yeah, that’s right. That knows what’s going on the farm. And so if they say 

something, I’ll hear them out…when someone you work with says you have the 

problem, well yeah okay… But if it’s just out of the blue someone comes in and says you 
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have a problem, I don’t think it matters what it is then you just don’t like it, it’s 

whatever. I probably wouldn’t agree with [them]...”  

Overall, it was common for farmers to state that they are more accepting of animal care 

advice, and they find it easier to work with advisors and resolve issues, when the advice 

comes from someone with whom they already work with and whom they trust.  In 

addition, it was important that the person who gives farmers welfare advice is someone 

who sees their farm over time and knows their farm problems and whether or not it is a 

consistent problem worth working on. Farmer V3 invoked a collective “we”, supported 

by head nodding from other farmers present when discussing the comfort level and 

receptivity of veterinary advice: “We feel comfortable working with the veterinarian, 

because we work with [them] so much, as opposed to a stranger coming in the barn – 

right away you put your guard up. Like this guy’s going to tell me I'm doing something 

wrong, whereas the veterinarian is there every day, like [they] can recognise that you 

have a problem, because [they have] seen it over time and know it’s a real problem if 

they are bringing it up.” This farmer then immediately followed-up with a quote in a 

different voice ‘let’s work at that,’ and then in the farmer`s own voice ‘well ok’.” When 

probed about the alternate voice, the farmer said that is what his veterinarian could say to 

the farmer, and that they would be okay with that because “they trust if their vet is telling 

them there is a problem that there actually is a problem.” 

Although advice provided by regular consultants about animal care issues such as 

lameness was generally well received by farmers throughout the focus groups because of the 

trusted relationship, there were reservations if the person was new to the farm. For example, 

farmer W1 said, “You have a relationship with the guy, that’s fine for [them] to bring it up. Sure. 

But if [they’re] new on your scene and [they] start preaching to you, you’re going to look for 
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another vet.” However, a new veterinarian broaching an animal care topic did result in 

receptivity for another farmer, as long as the farmers considered the communication interplay 

tactful. For example, farmer W3 said “…it’s a personality thing for sure; we have a new vet in 

our practice and I really like [that vet]. You’re figuring out if you like [them] at first though. 

[They] didn’t want to, but [they] brought up things but in a way that was nice. So it is a new vet 

thing, but also a personality thing.” Overall, regular on-farm consultants such as hoof trimmers 

and veterinarians broaching animal care topics are generally well received, because they have an 

established relationship and they are trusted by the farmers.  

 

Theme 2: Farmers Expect the Person Broaching Animal Welfare Issues on 

Farm to be an Expert on Dairy Animal Care  

 
It was evident that participants expected welfare advice to be provided by someone 

knowledgeable about animal care and welfare issues, and that the person would have expertise 

harnessed from many farms. For one example, farmer V5 said for instance, “I presume they 

teach animal care, or proper welfare – to be a veterinarian.” Farmer C1 said “my hoof trimmer 

knows a lot about hooves, and he has guys come learn from him, and even teaches me some 

things about caring for hooves, so I know I am getting - you know -good information.”  Farmers 

juxtaposed remarks about their “regular guys” with remarks expressing doubt that organizational 

welfare assessors are capable of really understanding animal welfare issues at the farm level. For 

instance, farmer R5 said that the assessors “…think they can just take a two week course and 

know how animals walk, whereas vets are in school for years…and they see your farm on the 

good and bad days. They are working with farmers everyday.”  It was important that the person 

broaching welfare had knowledge of welfare issues, but also knowledge of solutions. For 

example, farmer E2 said “If I had the veterinarian point [hock injuries] out to me, then I know 
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it's coming from a person that also has the knowledge and experience to tell me how - what I can 

do to correct the situation. Work with me on it.”  

Farmers considered advisors as experts when they were perceived as having experience 

from seeing and helping many other farms. For instance, another farmer R6 said, “I guess I 

always come back to the veterinarian, the veterinarian and the feed rep and even the hoof 

trimmer. They’re actually very good at helping us farmers, telling us what the health of the 

animal is because they see hooves every day. They see lots of barns everyday.” And another, “It 

gives you direction to go to the veterinarian, or a nutritionist who visits barn after barn after 

barn in a day, they see everything… see where you can solve your problem. (V5)” 

Theme 3: Prevention of “Barn Blindness” is Important and Theme 4: Animal Care 

Services are Expected to be Provided Before and After Welfare Topics are 

Broached  

 
Farmers identified that providing animal care services before and after welfare issues are 

raised is important and expected from their trusted advisors. Themes 3 and 4 coalesced around 

this point and so are presented together. To a large extent, participants in all focus groups were 

congruent in that they expected trusted consultants to first and foremost 1) identify animal care 

issues and inform the farmer of the issues (preventing “barn blindness” i.e. lack of perception of 

problems in one’s own barn) and 2) provide practical next steps for remediation after 

identification of an issue. To a lesser extent, participants across discussions expected trusted 

consultants to 3) educate and provide training; 4) act as a liaison between farms and other 

consultants; 5) provide animal care paperwork support (e.g., standard operating procedures). 

 

Identification of Animal Care Issues and Prevention of “Barn Blindness” 
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Farmers in the focus groups expected advisors to prevent “barn blindness”.  Although 

farmers discussed their personal responsibility for animal care, there was also a general 

consensus in all focus group discussions that farmers can suffer from “barn blindness”, meaning 

that farmers do not always see something as abnormal because they become accustomed to 

seeing it every day on their farm, and perceive it as ‘normal’. For example, farmer E5 said “You 

go to your farm and you can be blinded to stuff that's happening in your barn. Things start 

happening that you don't see until somebody else walks in and sees it, because I'll see stuff on 

other people's farm that I don't necessarily always see on my farm.” In another example, farmer 

R4 specifically referred to the concept as “barn blind”, and said “We can be barn blind, like ‘oh I 

didn’t realize it was that bad’.” The focus group participants identified that they need and expect 

other people (most often they referred to the veterinarian) to help them recognize an animal care 

problem if they are to address it all. This is summarized by farmer E4 who said “sometimes you 

don’t notice things in your barn and having someone you trust come in - tell you need to change 

something is good, because if it is a serious problem and you’re not seeing it, you’re not going to 

change things.”  

Farmers consistently and emphatically described the expectation that veterinarians would 

inform them of welfare issues. In one example, while other farmers nodded their heads in 

agreement,  farmer R1 said “--I have [veterinarian x] for herd health. If [they’re]seeing a 

problem that I don’t see or that I’m not asking [them] about I’m hoping that [they] have an 

awareness of it…I hope that [they’re] walking in with open eyes and actually seeing my barn 

with a fresh eye every time [they] come in.” Farmer R6 added that “... we would respect [them] 

more for telling us.” 
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Farmers expected veterinarians to help them with welfare at the individual cow level, as 

well as the group level mentioned above. For instance, in the following series of quotes, three 

participants carry on dialogue that reveals their expectation and experiences with the 

veterinarians broaching the topic of euthanizing a cow on farm: 

 “R1: ‘I think veterinarians are pretty good. They are realistic. We [farmers] try our 

best   to know when to cut the cord [euthanize the cow/end the relationship with the 

cow] too, right-’ 

 R2: ‘-And sometimes they need to tell you.’ 

 R5: ‘It happens -’. 

R1: ‘Oh, it happens an--’ 

R2: ‘-Sometimes the veterinarian tells you too, before you want to as well ‘Like geez, 

one of my best cows but I’m not ready, I think we can-” 

Another farmer, R3, stops R2 mid sentence and role-plays the veterinarian as if there was a 

sick cow in the room 

“R5: - ‘No, [R2], it’s time to let go.’ 

R2: - ‘yeah, that’s what [they] say. ‘You know, she’s in pain, it’s not going to get 

good enough, it’s time to-’ yeah. There’s sometimes those discussions that go on 

between the farmer and the veterinarian. We need that sometimes’.” 

Discussions such as these made it clear that sometimes veterinarians tell farmers things they do 

not want to hear, but the farmers felt they need and want to be told when it pertains to animal 

care concerns at both the herd and individual cow levels, because they are not always aware of 

welfare issues. 

Farmers had differing views about what they felt their veterinarian could achieve during a 

herd health visit and what their veterinarian would communicate. While most farmers across 

focus groups felt their veterinarian could pick up on herd-level lameness problems during a 

typical herd health visit, a few farmers were not so sure.  Some farmers were less certain their 

veterinarian would see herd level lameness issues. For instance, R3 said “I don’t think before 
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proAction like any of my vets would ever know there was a lame cow, or really notice hock 

injuries, or if I had a lame cow on the farm cause they’re there for reproduction, they’re there 

for a specific issue.”  

Some farmers held the view that if their veterinarians did not bring up specific animal 

care issues like lameness, that they did not have those issues on their farm.  Farmer V1 said, “I 

don’t have an issue with lameness. My vet never says anything when [they] come for herd 

health.”  As a response to that statement other farmers suggested that “maybe [the veterinarian] 

just didn’t mention it” (V5).  Some farmers mentioned that there would actually be negative 

consequences to their veterinarian-client relationship if they received negative feedback on an 

animal care assessment, and their veterinarians had not informed them of the animal care issue 

previously. Farmer C3 said “They’re supposed to… they should know what’s going on … they 

should be able to come in and pick on it. And if they’re not doing their job, well, there’ll be 

another one in here next week that’ll want my business.” Thus, this farmer suggested that there 

would be serious consequences, such as changing veterinarians, if their current veterinarian did 

not meet their expectation for mitigating barn blindness.  

 

Provision of Practical Next Steps 

Participants also discussed the expectation that if someone broached an animal care issue, 

they would want to be given practical next steps for solving the issue. Farmers acknowledged 

that it is frustrating to be told you have a problem and not be provided with solutions. For 

example, E2 said that if someone “…pointed out [lameness issues on farm] and, you know, 

wouldn't give me any answers for what to do. That would bug me to no end.” Not only did 

farmers indicate they want solutions, but that they wanted practical solutions that are consistent 
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with what they feel is achievable over time on their farm. For instance, farmer W4 stated “when 

someone brings up something that’s just not logical or practical, that would be a frustrating 

thing if there’s no actual solutions, or you felt there was no solution. My veterinarian, my feed 

rep, knows my farm and could help me make sense of things.” From the participant discussions, 

it became apparent that these types of next step discussions were closely tied to the importance 

of relationships with farm consultants, and their understanding of their farm’s current problems.  

 

Provision of Inter-Consultant Collaboration and Farm Liaison Services 

Participants identified that they would like their trusted consultants to be a liaison with 

other farmers who may have had similar problems- problems that are now resolved or improved 

in order to provide them with solutions for their farm’s current problems. W2 said “your 

veterinarian, your feeder, your calf guys- if you can have all those guys on the same page as you, 

I think you have a lot better idea of how your animals are doing, instead of just trying to do it all 

yourself.” Farmers suggested that working as a team helps to prevent “barn blindness” and 

resolve animal care issues, but farmers discussed that this could be done better, and that their 

consultants often do not work together.  

 

Welfare Training and Education Services 

Veterinarians were identified as able to provide training or information for welfare 

assessment or welfare related procedures. Farmers explained that their veterinarians, or in some 

instances they had heard that other veterinarians have provided information sessions about the 

Animal Care Assessments. V7 said “[the veterinary clinic] has been putting on meetings about 

this proAction ever since last year… they're very helpful too. And even my herd health 
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veterinarian - you ask questions and [they]'ll inform you about it, right. It has made me feel less 

stressed. I know what I am supposed to be looking for and doing.” Some farmers said they did 

not have proactive veterinarians, and therefore they were not receiving guidance for their 

upcoming animal care assessments. Farmer C3 said “…going into the proAction thing, we’re 

kind of in the dark of it, you know, we’re not really afraid of where our herd’s at, but we don’t 

really know where we stand either, right, so. Our veterinarian hasn’t been telling us much…and 

really who else should be able to help our farm?” Through recall of past experiences, farmers 

discussed the importance of their trusted consultants educating them on what welfare issues 

were, and showing them what a welfare issue (e.g. pain mitigation) looked like and how to 

correct it. For instance, farmer W5 described, “When we were introduced to dehorning calves 

with pain blockers for the first time, our veterinarian just mentioned it and we told them we 

didn’t know how to do it. They promptly did it, trained us within 10 minutes we were doing it. 

And we’ve never gone back to that It was apparent through experiences like these that farmers 

wanted next steps and training to help solve welfare issues on farm. 

 

Paperwork Service 

Another service participants discussed was help with paperwork. Farmers were very 

concerned about paperwork (increase in forms and documentation associated with quality 

assurance and welfare programs). These are required documents such as the Standard Operating 

Procedures (SOP).  Farmers described the additional paperwork as being stressful. For example, 

during a discussion about the paperwork, farmer C7 said “we work seven days a week already 

and then we have to do all that other stuff [referring to another participant’s comment on 
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paperwork] besides it. That’s how I see it. It is a lot.” The ability of advisors to synthesize 

welfare related protocol data for farmers was seen as valuable and time-saving.  

 

Theme 5: Importance of the Communication Approach When Broaching Animal 

Care Issues 

 
Farmers shared the sentiment that they work diligently to provide the best care for their 

animals given their current circumstances, and so it is difficult to be told that they have an animal 

welfare issue because they have a lot of pride in their animal care. One quote from farmer E7 

summarized this concept well: “If you're a good farmer and you like your cows and you love the 

work you're doing and want to work for them, it's going to hurt you if someone, it doesn't matter 

what it is, if there's a problem you're not going to like to see it, whatever it is- lameness- [long 

pause] whatever it is.” During the hypothetical scenario, when farmers received reports that a 

quarter of their cows had lameness or injuries, some of the farmers suggested that their initial 

response would be that they might feel “…bad…” (C1), “shitty” (W2) “…crappy…”(C3), 

“…defensive….” (R1), “…upset…” (V2) or that they may “…dwell…” (R4) on the news.  In 

summary, farmers described that they would have a negative emotional response to hearing that 

the care of their animals is not meeting expectations.  

Farmers connected their negative responses (e.g. feeling “bad”) to the importance 

of the communication approach taken when broaching an animal care subject or 

providing advice on animal care issues. Farmers discussed the importance of consultants 

having what farmer R2 called a “good attitude” when broaching a subject, and the 

importance of “tact” when speaking about specific issues. Farmers described that 

positive communication helped them to be receptive to information, as well as mitigated 

negative emotional responses. Farmer W2 said "when they deliver the message in an 
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insulting or a demeaning manner, it can really make you feel as though you really don’t 

know what you’re doing, or if you’re really having a bad week or things aren’t going 

well and then something like that happens, it can just be exacerbated and just seem so 

much worse, and affect you for days.” Another farmer R4 said “I would dwell on it, that’s 

how I would be, I’d be driving tractor or doing the other chores just thinking about it...” 

Therefore, lack of tact by a consultant giving advice may result in negative emotional 

responses that could adversely affect a farmer for days. 

Examples of tactful approaches were suggested by farmers; farmer W1 said 

“…not just discussing all the negative things but also maybe saying what you’re doing 

well” when you broach an animal care issue. For instance, E2 said, “If they just focus on 

the negative, then that is all you come away with.” When probed further that farmer said 

“It is hard on you to only hear the negative.” Participants emphatically suggested that 

when bringing up an animal care issue it comes across less critical if the farmer felt that 

the advisor wants to work with them to help solve the problem. For instance, farmer V5 

said “I think the way that they deliver it in terms of there is a problem, they say ‘how can 

we help’ and that is a far better approach then you are doing it wrong or you’ve got to fix 

this.” In another example, farmers had the following dialogue to support this team 

concept:   

W2: “I’d like if they maybe giving ideas on how it could be fixed, how you could 

address some of the issues together.”  

W4: “Ya...Work with you and not be heavy handed. Goes so much further.”   

W3: “My veterinarian just went over our procedures. Got a sense of what we 

were doing, and then offered some help….I liked that [they] wanted to know why 
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we were doing what we were doing, then [they] suggested ideas for us to do 

together.” 

 

Although farmers discussed their desire for consultants to inform them of animal welfare 

issues with tact, there appeared to be discordant ideas on whether they would always inform 

them. Some farmers mentioned that veterinarians may be worried about the farmers’ reactions. 

Farmer R1 said, “nobody wants to take the risk to be, I don’t know how to phrase it, be the bad 

guy, it’s like a passing the buck kind of thing. So the vet could phrase it, ‘You know, on your next 

inspection they’re going to flag you.’ Do you know what I mean, so [they] don’t have to say ‘I 

see a problem’ [they’re] going to say ‘They’re going to find a problem.’” Thus, for this farmer, 

the concept of a veterinarian broaching an animal welfare problem was perceived as potentially 

so difficult that the veterinarian would not want to take responsibility for bringing it up. The 

importance of the relationship and the team centered approach when broaching animal care 

issues is summarized with the following example provided by farmer E9 “Bring coffee. You 

know? A conversation. Together. Don’t just chuck it at me. Makes it easier to swallow….pun 

intended [group laughter]… but you know, I mean that.” 

 

Theme 6: Who is Expected to Broach Animal Welfare Topics on Farm 
 

Drawing from both direct statements and experiences involving veterinarians, farmers, welfare 

assessors and other on farm consultants (hoof trimmers, nutritionists, robotic technicians, 

mattress consultants), veterinarians were referenced emphatically and consistently as having the 

largest breadth and depth of traits, services, and educational background desired by the farmers 

to broach welfare issues on their farms.  
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The following dialogue summarizes nicely that veterinarians meet the farmers’ 

expectations for broaching a welfare issue and subsequent advisement. This dialogue 

incorporates expertise in animal care, alluded to an established relationship history and 

routine presence on the farm, as well as demonstrated an expectation to prevent barn 

blindness and to help resolve an issue when referring to the veterinarian: 

V4: I don’t think my veterinarian telling me about [hock injuries] would bother me- 

V2: It shouldn’t, because the veterinarian is a professional, [they] should --- 

V4: Yeah, [they’re] prof--- 

V1: Well, why would [they] not say something--- 

V6: [they’re] an educated professional- 

V1: [They] tells us other things too that we don’t want to hear abo … [all focus group 

participants began laughing]…that we don’t see… [they] tell you you’ve got to push the 

feed, or something like that, you’ve got to deal with it. It’s a part of it all- 

V4: - yeah, yeah, yeah. We respect [them] and [they’re] educated professionals, right. 

[They] should tell us if we have things going on with hocks 

V2: And they can see you the next week, and week after to work on it with you” 

 

 In addition to the skillsets and characteristics, farmers also inherently felt veterinarians had 

a general responsibility to identify welfare issues.  During the focus group discussion, farmers 

were asked, “Who do you feel is responsible for overseeing animal care on your farm?” Farmers 

emphatically stated that they are responsible for the care of their animals, with quotes such as 

farmer V1 saying “It’s our lifelong mission to be here to look after these animals. It’s our job” 

but every farmer that contributed to this discussion inevitably identified the veterinarian as being 

responsible as well.  For example, farmer W5 said “The owner has to be responsible for the 

animals. At the end of the day, it’s my responsibility. I’m the farmer and it’s up to me, [pause] 

and then there’s the veterinarian.” Farmers discussed that veterinarians have a responsibility at 
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the herd level and individual cow level to identify welfare issues.  For example, farmer R6 said 

“I think everybody here has a veterinarian that comes in on a regular basis and it’s their 

responsibility as a veterinarian, as your veterinarian, looking after your herds, in your best 

interest for you to do well. If they see a problem … they’re going to, they should tell you [pause] 

Pretty sure mine will.” It was evident that farmers felt strongly that their veterinarian has the 

responsibility to inform them of animal welfare issues, but there was some doubt as to whether 

veterinarians would always broach the subject.  

Although the hoof trimmer and nutritionist were mentioned in some groups due to their 

established relationships, there was limited references to provision of the variety of services they 

could provide, and a lack of expertise in breadth of welfare issues. For example, nutritionists and 

hoof trimmers were discussed as able to combat lameness through nutrition and hoof care, 

however they were never discussed with hock injuries, housing design, and pain control, for 

example. Third party assessors were only described as capable of preventing barn blindness by 

highlighting issues (e.g. hock injuries with a percentage of herd level prevalence) and providing 

some general comparisons with other farms. Very little trust was given to third party groups with 

references such as C6 saying “they think they know what they are doing with a 6 week course or 

whatever they get before coming on our farms. They don’t even work with farmers, they just give 

them reports.” 

 

Farmers suggested that they effectively monitored the care of their animals by overseeing the 

cows themselves and by having veterinarians and other consultants come onto their farm 

regularly. Thus, they felt an assessment from an outsider was unnecessary. This sentiment was 

emphasized when farmer R5 said, “I don’t see the value. If it wasn’t mandated that we have [the 
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proAction Animal Care Assessment], I don’t see the value of having another person coming in to 

assess my cow…. I think I have a good enough assessment of my herd myself with the vet coming 

in.” Thus, this farmer expected their current consulting network to be capable of identifying an 

animal welfare issue on the farm.  

DISCUSSION 

The results of this study show the complexities of broaching animal welfare topics from 

the farmers’ point of view, and provide insight to stakeholders interested in discussing welfare 

issues and consulting on them to work towards solutions. It is important to note that although 

welfare can be defined as three overarching segments 1) affective state (i.e., how the animal 

feels), biological functioning (i.e. overall health), and natural living (i.e., the animal’s ability to 

perform behaviors found in nature) (Fraser et. al, 1997), the farmers in the focus groups mainly 

emphasized welfare issues that relate to affective state (e.g. general comfort, freedom from pain) 

and biological functioning (e.g. general health). The results presented here may vary if farmers 

were asked to discuss natural behaviors applications of welfare specifically. 

There were some limitations of this study. Because all farmers were Canadian, and the 

context was that these farmers were all preparing for the first National Animal Care Assessment, 

their perspectives described in this study may differ from farmers in other countries, who may 

not be discussing and in preparation for a welfare-related assessment program. The qualitative 

researcher gathering information was a veterinarian and has experience in welfare research, and 

therefore it is possible that preconceptions may have influenced data collection and analysis. 

However, well-established methodological approaches were used including reflexivity, double-

coding, and discussion of analytic process with the other investigators to minimise such bias. 
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It was apparent through discussion with farmers in the focus groups that ethically they 

felt they had an obligation to maintain good welfare through their “pride” and “self responsibility 

of care,” which is consistent with a previous study in the UK the most commonly reported 

motivator for farmers to make lameness improvements was pride in a healthy herd (Leach et al., 

2010). Most farmers in this study felt confidant that their trusted consultants, especially their vet, 

saw so many other farms that they would identify and inform the farmer if they saw a welfare 

issues on their farm. Farmers felt veterinarians were in an ideal situation to advise and motivate 

farmers to improve welfare related practices on farm which is similar to another study that 

focused on udder health (Lam et al., 2011). Although this is an expectation from the farmer, 

veterinarians are known to face ethical challenges in food production related to welfare, and have 

been reported to focus instead on clinical problems or attempt to perform clinical duties while 

accommodating services to fit within the values of the particular farmer (Meijboom, 2018). This 

study helps to provide insight that farmers, even those who self identify as ‘difficult’, do value 

input on welfare issues, especially when the information is given tactfully by their trusted 

consultants. The concept of trusted consultants seeing and unofficially comparing many farms 

became very important to farmers’ receptivity and trust in welfare advice. The knowledge, 

experience, and relationship with the farm and the farmer expected of the veterinarians appear to 

give legitimacy to the vet to broach and provide advice on welfare issues. Standardized 

benchmarking of welfare has been found to be an important motivator for calf management 

(Sumner et al., 2018). When farmers become aware of issues (i.e. “barn blindness” is mitigated), 

farmers can better address “self responsibility” and result in motivation to change behaviors. A 

possible combined solution could be that veterinarians could help with the delivery of results 
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from more standardized assessments by third party groups, since veterinarians are trusted and 

also seen as motivators for change.   

Theoretical models can be applied to this type of research e.g. Health Belief Model 

(Montanaro and Bryan, 2014) and the Precaution Adoption Process Model (PAPM) (Weinstein 

et al., 2008), which both attempt to explain how groups of people and individuals feel and come 

to decisions to take action, and how they translate the decision into action. Farmers in this study 

moved along stages such as those described in those models when they make decisions on 

animal welfare topics. These models look at various factors (e.g., awareness of an issue and 

perceived susceptibility to issue) that have an effect on decision-making and ultimately on 

behaviors.  In a model such as the PAPM, a farmer might fall into the “unaware” or 

“unengaged” stages of an animal welfare issue. This is best illustrated with the comments 

suggesting that farmers can be ‘barn blind.’ Farmers would have to first perceive that they 

have an animal care issue before they can become motivated to change.  The intertwining of 

themes in this study revealed that often in order for farmers to move away from the “unaware” 

or “unengaged” stage and into “perception of a problem” they need to be prompted by 

communication with their trusted consultants. Farmers suggested that they would be less or 

even non-receptive if they were engaged by those with whom they did not have a trusted 

relationship, potentially leaving them in an unaware or unengaged stage. 

There were some very important disconnects through the discussion in the veterinarian- 

client expectations. Veterinarians may not realize that some farmers are making the assumption 

that if the veterinarian says nothing, that welfare is not an issue on farm and that their care is in 

line with industry standards. This may be establishing a false sense of good animal welfare on a 

farm, and contributing to discrepancies in farmers’ estimates versus measures welfare issues on 
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farm. For example, when asked to self-assess lameness on their farm, farmers missed two-thirds 

of the lame cows (Croyle, 2017; Cutler et al., 2017).  

In another study, farmers identified the prevention of organizational blindness as the 

second most important reason to participate in a herd health program (Derks et al., 2012a), and 

similarly in the present study farmers identified the concept of preventing barn blindness as a 

critical part of improving welfare through their herd health programs. This aligns with the 

farmers’ expectation that their veterinarian or other trusted consultants would inform them if 

they had an animal care issue on their farm. Although it less likely to occur, because consultants 

see varying farms from day to day, the consultants might also become “barn blind” to the barns 

they see on a regular basis. A future study should investigate the perceptions of veterinarians, 

and work to target training to help facilitate the process of broaching welfare concerns. 

Due to these potential consequences of failure to tell a farmer of welfare issues, the 

expectation of animal welfare education (theme 2) and desire for teamwork and tactful 

communication (theme 5), it is important that veterinarians receive education and training in both 

areas in order to be well received by farmers and meet expectations when broaching animal care 

topics. Veterinarians continue to receive in depth training focused on management of health 

issues, but only in recent years have they been offered dairy cattle welfare related electives (e.g. 

https://www.uoguelph.ca/ccsaw/dairy-care-program). Although veterinarians are tasked with the 

‘prevention of suffering,’ through their oaths, there are no clearly established guidelines for 

engaging in communication that informs a farmer that they have an animal welfare issue on 

their farm. Based on our results the teamwork concept was very important when 

communicating about welfare between the farmer and consultant. This type of communication 

falls under the term relationship-centered care where there is shared decision making 
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responsibility and outcome accountability (Roter, 1997) , and therefore clients become equal 

stakeholders and are more committed to co-developing strategies(Cornell and Kopcha, 2007). 

Veterinarians may benefit from communication courses that discuss not only professional 

communication for healthcare, but also methods for demonstrating respect towards the owners 

and word choices and tactics that would establish teamwork and relationship-centered 

communication (Bard et al., 2017), especially when handling sensitive topics such as welfare. It 

has been described that using joint pronouns such as “we” can be used in directive discourse 

from doctor to patient or veterinarian to client, where the authoritative figure disguises “we” as a 

method to give directions, without actually including the perspectives of the patient or client 

(Skelton et al., 2002; Bard et al., 2017). In our results, farmers appreciated the use of the “we” 

and “our” pronouns when the intent was genuine that the ‘we’ was inclusive of a mutual 

understanding, where both perspectives were taken into account.   In human medicine, studies 

have shown that communication training can help medical professionals deliver bad news more 

successfully (Back et al., 2007). 

In a previous study, animal welfare was highly valued by farmers, but in contrast, the 

dominant view of veterinarians in the study was that farmers focused mainly on production and 

financial performance (Kristensen & Jakobsen, 2011). In this study, there was a strong 

expectation for the veterinarian to broach animal welfare topics. In human medicine, researchers 

identified that primary care clinicians perceived discussions on childhood obesity as adversely 

affecting the clinician-patient (caregiver) relationship, as it was viewed as a difficult and 

sensitive topic, where a caregiver may feel criticized (Walker et al., 2007). Although very 

different scenarios, in both cases a consultant is identifying a patient care problem to the primary 

care-taker, who is not the subject of concern, but may be personally affected by the discussion. A 
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future qualitative study should be done to identify veterinary perceptions to see if expectations 

align, as it has been suggested that the veterinarian’s perception of their client’s expectations 

from herd health visits often differ from what their clients expect (Derks et al., 2013; Erling 

Kristensen and Enevoldsen, 2008).   

 

CONCLUSION 

The results of this study suggest that broaching animal welfare topics can be a sensitive 

topic, and advice is best received when it comes from trusted consultants who use a relationship-

centered approach for discussing welfare on farm. This study provides insight on what might 

affect farmers’ receptivity to discussions on welfare. Farmers in this study rely on their trusted 

consultants, especially veterinarians, to inform them of welfare problems on their farm because 

they are aware that they can be “barn blind.”  
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Figure 6.1 

 

Figure 6.1. Thematic map of dairy farmers’ perceptions representing the major themes (distinct colors) 

and subthemes for broaching the topic of animal welfare topics on their farm. The dashed lines represent 

potential disconnects in vet-client expectations. The six themes were 1) having an established relationship 

with the farmer; 2) being perceived as an expert in dairy care/welfare; 3) reduction of “barn blindness” 4) 

provision of animal care services/solutions are expected with identification; 5) communication approach 

used when broaching animal care issues is key for receptivity; 6) perceived sources of welfare advice. 

The blue circle and spoked segments with dotted lines represents the authors viewpoint of a potential 

disconnect between farmers and veterinary expectations for animal welfare issues during herd health 

visits. Central to the themes, was the role of the trusted advisors, including the veterinarian.   
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