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ABSTRACT 

NON-AMBULATORY DAIRY CATTLE: A REVIEW OF THE ANALYTICAL 

LITERATURE AND ANALYSIS OF MANAGEMENT

William John McFarlane 

University of Guelph, 2021 

Co-advisors: 

Dr. David Renaud  

Dr. Charlotte Winder 

This thesis includes a scoping review of the literature concerning non-ambulatory dairy 

cattle and an analysis of management of non-ambulatory dairy cattle in the Canadian dairy 

industry. Many studies included in the scoping review were observational studies measuring 

haematological risk factors for becoming non-ambulatory, while the controlled trial literature 

focussed on prevention through supplementation of vitamin D, calcium and anionic salts. On-

farm prognostic indicators were identified as an area of research requiring further attention. 

Survey data were used to analyze associations between producer demographics and farm 

characteristics, and downer cow management. This analysis revealed that very few producers 

have written protocols for down cow management, that strong veterinarian-producer 

relationships and frequent veterinary visits promote collaboration in protocol development and 

euthanasia decisions, that there is geographic variability in down cow management, and that 

behavioral prognostic indicators are commonly used by producers. The results of this analysis 

could serve as a benchmark for comparison of how downer cow management in the Canadian 

dairy industry has changed since 2015.  
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1. Chapter 1: Literature Review  

1.1 Defining Non-ambulatory Dairy Cattle  

The terminology used to describe non-ambulatory dairy cattle is diverse, but typically 

based on proximate cause of recumbency, posture, and alertness. Since the earliest recorded use 

of the term milk fever in 1793 (Hutyra et al., 1938), the term has been used to describe cows in 

the transition period that become non-ambulatory as a clinical sign of acute hypocalcemia (Allen 

and Davies, 1981), with the term parturient paresis often used interchangeably with milk fever 

(Deiner et al., 2012; Bani Hassan et al., 2018). An additional term is grass tetany (or grass 

staggers), which describes cattle that are recumbent due to acute hypomagnesemia (Grunes et al., 

1970). Another branch of the nomenclature used to describe non-ambulatory cattle is the term 

“downer”, which emerged in the early 20th century as a label assigned to non-ambulatory cattle 

at slaughter, regardless of the proximate reason for recumbency (Sinclair, 1906). Terminology 

later shifted toward use of “downer cow syndrome”, although the accepted definition remained 

broad, being defined as cattle that are unable or unwilling to stand (Smith et al., 1997). Notable 

subtypes of downer cow syndrome used in the literature include alert downer cows, which are in 

sternal recumbency and appear otherwise normal (Cox and Onapito, 1986), and non-alert downer 

cows, which are laterally recumbent and unresponsive (Fenwick et al., 1986). A sub-

classification of alert downer cows are creeper cows, which are alert, and use their front legs to 

pull themselves short distances (Johnson, 1962). 

1.2 Prevalence and Financial Implications  
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Approximately 450,000 cattle become non-ambulatory annually in the United States, 

with one quarter of American dairy producers reporting one or more recumbent dairy cattle per 

year (National Agricultural Statistics Service (NASS), 2005; NASS 2013). While national 

statistics are not currently available in Canada, similar trends are likely experienced by the 

Canadian dairy industry. Common lactational incidence of clinical hypocalcemia in Canadian 

dairy herds is around 3.4% (Dohoo and Martin. 1984; Duplessis et al., 2014), although rates as 

high as 4.4% have been reported when observed 28 days pre-calving until 63 days post-calving 

(Gohary et al., 2014). Costs associated with non-ambulatory dairy cattle include veterinary care 

(Fikadu et al., 2016), loss of income that could have been garnered from shipping the animal for 

slaughter (Opoku-Agyemang et al., 2019), and decreased productivity in the form of reduced 

fertility (Loeffler et al., 1999), decreased milk production (Bar and Ezra, 2005), and reduced 

productive lifespan following recovery (Khan et al., 2015). 

1.3 Welfare Concerns 

Non-ambulatory cattle pose several important welfare concerns. Firstly, the primary 

reason for recumbency can be a source of pain, especially in in the case of fractures (Mulon, 

2013) and hip luxation (Prasad et al., 2009). Such animals can have a poor prognosis depending 

on the severity of the trauma and availability of prompt care (American Association of Bovine 

Practitioners (AABP), 2020), and delayed euthanasia can unduly prolong the suffering of these 

animals, representing a severe welfare concern (Voogd, 2008). An additional welfare concern 

associated with delayed euthanasia is that recumbency itself can be painful due to pressure 

damage of the muscles and nerves that bear a cow’s weight over a prolonged bout of recumbency 

(Cox et al., 1982; Cox and Onapito, 1986). Although pain can be difficult to assess in animals 
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(Flecknell, 2008), comparisons can be drawn between the pressure damage experienced by cattle 

experiencing prolonged recumbency, and compartment syndrome, a condition in humans where 

ischemic necrosis occurs as a result of pressure damage (Matsen, 1975), in which pain is a 

cardinal sign (Johnson and Chalkiadis, 2009). Thirdly, inappropriate methods of lifting or 

moving non-ambulatory cattle can result in further injury. In the case of lifting down cows, use 

of equipment such as hip clamps can result in muscular injury, as a large amount of pressure is 

placed on the area where the clamps are applied (Cox and Farmsworth, 1998). Methods of 

moving down cows that can lead to the cow experiencing poor welfare include dragging, which 

can result in injury at the point of attachment, and abrasion due to friction between the skin of 

the cow and the ground (Blonde and Leder, 2016). Use of hip lifters to move down cows is also 

discouraged, as a lengthy movement process can exceed the duration of time a cow can tolerate 

hip lifters without muscle damage, and there is a risk of the cow falling if the cow is made to 

walk with her front legs, as hip lifters cause the cow to experience an unfamiliar distribution of 

weight (Ontario Association of Bovine Practitioners (OABP), 2019). Lastly, there are serious 

welfare implications regarding transport of down cows for slaughter, a practice which is 

prohibited in regions including Canada (Health of Animals Act, 2019), and the European Union 

(EC No 1/2005). The inability of down cows to move on their own can result in them being 

mishandled, including being dragged at the loading and unloading stage, or while navigating the 

slaughter plant (Grandin, 2000b). 

1.4 Causes and Risk Factors of Non-ambulatory Conditions 

Identifying the etiology of a non-ambulatory condition can be difficult, as there are 

several potential causes including metabolic imbalance, trauma, toxaemia, and infectious disease 



 

 

4 

 

or poisoning (Kubik et al., 1980; Allen and Davies, 1981; Sarma and Sharma, 2013; Pandian et 

al., 2015; Yadav et al., 2019)  The mechanism by which metabolic imbalances lead to 

recumbency in dairy cattle relates to the critical role of calcium (Szent-Györgyi, 1975) and 

magnesium (Lamb and Stephenson, 1994) in the physiology of muscle contraction. A common 

disorder of this type in North Americas is clinical hypocalcemia, a condition that occurs in dairy 

cattle that are unable to mobilize calcium fast enough to meet the rapid rise in calcium 

requirement at the onset of lactation, leading to acute hypocalcemia and often recumbency 

(DeGaris and Lean, 2008). Less common metabolic causes of recumbency include 

hypomagnesemia (grass tetany or grass staggers), hypophosphatemia, and hypokalemia. 

Hypomagnesemia can occur when dairy cattle are turned out to pasture in the spring, as the 

consumption of grass that is high in potassium and low in sodium acts to inhibit magnesium 

absorption capacity, leading to hypomagnesemia and recumbency (Martens and Schweigel, 

2000). Grass tetany is considered a problem affecting beef cattle rather than dairy cattle in 

regions such as the United States and Canada where dairy cattle are often fed a total mixed ration 

in confined housing, while the condition frequently affects dairy cattle in regions such as New 

Zealand and the United Kingdom where pasture access is more common (Mayland, 1988). 

Hypophosphatemia has been proposed as a major contributor to the recumbency experienced in 

cases of clinical hypocalcemia (Kojouri, 2003), as these cows experience a drop in serum 

phosphorus and calcium which follow a very similar profile (Horst et al., 1979; Hollis et al, 

1981). Hypokalemia has also been documented as a cause of recumbency in dairy cattle (Peek et 

al., 2000). Although factors such as repeated use of the corticosteroid isoflupredone acetate have 

been shown to predispose dairy cattle to hypokalemic recumbency (Sielman et al., 1997), the 

relationship between potassium and these clinical signs is not fully understood (Sattler and 
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Fecteau, 2014). There are several predisposing factors that have been associated with clinical 

hypocalcemia, but many are beyond the control of producers, such as advanced age (Harris, 

1981), advanced parity (Grohn et al., 1989), and breed, with Jersey cows being particularly 

susceptible (Saborío-Montero et al., 2017). However, there are factors predisposing cows to 

clinical hypocalcemia that are potentially more controllable such as body condition score (Harris, 

1981), prepartum intake of calcium (Goff and Koszewski, 2018) and phosphorus (Lean et al., 

2006), and the housing system (Waage, 1985). Furthermore, predisposition to clinical 

hypocalcemia is a heritable trait, although estimated heritability coefficients in the literature 

range from low values such as 0.1 (Hossein-Zadeh and Ardalan, 2011b) to moderate values as 

high as 0.35 (Abdel-Azim et al., 2005) and 0.42 (Lin et al., 1989). This suggests that 

predisposition to clinical hypocalcemia could potentially be selected against, although this could 

inadvertently reduce milk yield as the two traits are associated at a phenotypic level (Sulieman et 

al., 2014; Chiwome et al., 2017). Furthermore, downer cow syndrome is viewed by some as a 

sequela to metabolic conditions such as clinical hypocalcemia, being the result of secondary 

muscular injury from pressure damage and failed attempts to rise (Cox and Onapito, 1998). 

There are several non-metabolic causes of recumbency in dairy cattle, although 

investigation of this topic is less common in the literature.  Fractures are a traumatic primary 

cause of recumbency in dairy cattle (Yadav et al., 2019), and can also occur secondary to 

recumbency when non-ambulatory cattle slip while attempting to rise (Cox, 1982). Coxofemoral 

luxation is another form of trauma that can result in recumbency (Cox, 1992a), often occurring 

due to falling while being mounted, slipping, or excessive traction during dystocia (Hull, 1996). 

Excessive traction during dystocia can also result in calving paralysis (Rees, 2016), a condition 

in which dairy cattle become recumbent due to damage to one of several nerves in proximity to 
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the birth canal, including the sciatic, obturator, tibial and femoral nerves (Poulton et al., 2019). 

Moreover, certain infectious diseases have caused recumbency in dairy cattle, including botulism 

(Pandian et al., 2015), with type B and C affecting cattle in Europe and the eastern United States 

respectively, and type D affecting cattle in South Africa, South America and Australia 

(Hatheway, 2018). Another infectious disease causing recumbency in cattle is paralytic rabies 

(Hudson et al., 1996), which is endemic in regions of Mexico where the vampire bat (Desmodus 

rotundus) is present (Ramirez-Romero et al., 2014). Toxemia from acute infection such as 

mastitis (Menzies, 2003) or metritis (Sarma and Sharma, 2013) can result in recumbency due the 

lethargy brought on by systemic infection. The severe weakness accompanying toxemia presents 

very similarly to metabolic causes of recumbency, with the pronounced tachycardia observed in 

toxemia cases being the main means of differential diagnosis when outward signs of infection are 

not visible (Oetzel, 1988). Lastly ingestion of certain poisonous substances can result in 

recumbency in dairy cattle, such as pesticides (Daniel et al., 2009), heavy metals (Bradley, 

1993), and poisonous plants (Kubik et al., 1980). 

1.5 Prevention of Non-ambulatory Conditions 

Preventions of clinical hypocalcemia can be divided into those that stimulate calcium 

regulation and those that supplement calcium regulation. Key pathways that raise blood calcium 

concentration include the action of parathyroid hormone in stimulating release of calcium ions 

from bone, and vitamin D increasing the absorption of dietary calcium (Kochupillai, 2008). 

Methods used to prevent clinical hypocalcemia by stimulating these homeostatic mechanisms 

include provision of anionic salts (Block, 1984; Martinez et al., 2018; Goff et al., 2020), and 

providing a calcium deficient diet pre-partum (Goings et al., 1974). The dietary cation-anion 
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difference (DCAD) is a quantification of the balance of certain ions using the equation DCAD = 

(milliequivalents of Na+ per kilogram + milliequivalents of K+ per kilogram) – (milliequivalents 

of Cl– per kilogram + milliequivalents of S2- ) (Stewart, 1983). Addition of anionic salts such as 

Cl- or SO4
2- to achieve a DCAD between –50 meq/kg and –100 meq/kg is optimal for prevention 

of clinical hypocalcemia; creating mild acidosis, which increases responsiveness of tissue to 

parathyroid hormone, which in turn stimulates resorption of calcium ions from bone as a 

homeostatic mechanism to re-establish electroneutrality in the blood (Gaynor et al., 1989; Horst 

et al., 1997). The rationale for pre-partum calcium restriction is that the homeostatic mechanisms 

that control blood calcium can take days to become fully activated, while the demand for calcium 

increases sharply after calving; restricting calcium pre-partum enables peak calcium control to 

coincide with the peak in calcium demand following calving (Bethard et al., 1998). Preventions 

that aid the homeostatic mechanisms that raise blood calcium include supplementation of vitamin 

D (Zadnik et al., 2008; Weiss et al., 2015), parathyroid hormone (Kehrli and Goff, 1989; Goff 

and Stabel, 1990), or calcium (Miltenburg et al., 2016; Domino et al., 2017). The literature 

regarding prevention of other metabolic causes of recumbency in dairy cattle is fairly limited. 

Prevention of grass tetany usually involves adding a magnesium salt to forages, although these 

salts are often unpalatable which limits their effectiveness when relying on free-choice 

consumption (Goff, 1998). 

Prevention and treatment of downer cow syndrome can be viewed as a continuum, as 

they share the same basic principles of minimizing pressure damage and providing a non-slip 

floor (Cox and Farmsworth, 1998). Use of sand rather than concrete can help prevent trauma 

such as fractures and luxation by reducing the risk of slipping (Cox, 1988). Preventative 

measures for calving paralysis include careful sire selection for heifers to avoid fetopelvic 
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disproportion, and gentle use of traction when managing dystocia (Grandin, 2000a). Efforts to 

mitigate secondary muscular damage are a very important prevention of downer cow syndrome, 

as any non-ambulatory cow that has suffered secondary muscular damage can be considered to 

be experiencing downer cow syndrome regardless of the primary cause of recumbency (Cox and 

Onapito, 1986). Secondary muscular damage often takes the form of ischaemic necrosis of 

muscle tissue and pressure damage of nerves as the result of a recumbent animal’s limbs being 

crushed under the weight of their own body over an extended period with little or no muscle 

contraction (Cox et al., 1982). Once secondary muscular damage has occurred, the cow’s 

prognosis becomes very poor (Poulton et al., 2016a). Nursing care is the most effective way to 

prevent secondary muscular damage, thereby preventing a case of clinical hypocalcemia from 

becoming a case of downer cow syndrome (Poulton et al., 2016b). An example of the importance 

of quality nursing care in protecting the prognosis of a downer cow is illustrated by a case in the 

literature where a recumbent dairy cow that underwent frequent repositioning and physiotherapy 

recovered after 45 days of recumbency (Nowroozi Asl et al., 2010). The goal of nursing care for 

the prevention of pressure damage is to intermittently allow perfusion of oxygen deprived tissue 

by either rolling the animal side-to-side every 2 hours, or lifting them with the use of hip lifters 

or slings for short intervals (Reynolds, 2006). There are a variety of types of slings that can be 

used to support a down cow (Samantara et al., 2012), although the most important consideration 

should be width, as narrow sling bands can cause muscle damage and reduce the animal’s ability 

to breath (OABP, 2019). An additional way in which secondary muscular damage can occur is 

through straining of muscles and ligaments when recumbent cattle struggle in an unsuccessful 

attempt to rise (Nelson and Kneller, 1985). Slips while attempting to rise can be limited through 
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the use of sand bedding, which has the added benefit of reducing pressure damage and promoting 

recovery (Cox, 1992b).  

1.6 Treatment Non-ambulatory Conditions 

The most commonly investigated treatments for clinical hypocalcemia are calcium 

compounds such as calcium borogluconate administered intravenously (Sasaki et al., 2013; 

Braun et al., 2016), or calcium chloride administered as an oral gel (Dhiman and Sasidharan, 

1999), or intravenously (Sobiech et al., 2010). Another treatment of clinical hypocalcemia is 

administration of glucose, typically used in conjunction with calcium treatment (Littledike et al., 

1968; Sobiech et al., 2010). Less common treatments for clinical hypocalcemia that have been 

investigated in the literature include vitamin D (Olson et al., 1973; Barlet and Davicco, 1992) 

and Naloxone (Sciorsci et al., 2001; Rizzo et al., 2008). Treatment with intravenous phosphorus 

in conjunction with calcium treatment is common in cases where hypophosphatemia is the 

suspected cause of recumbency, although treatment with both calcium and phosphorus has not 

been shown to increase recovery rate compared to cows given the traditional calcium treatment 

alone (Braun et al, 2007; Braun et al., 2009; Braun et al., 2016; Sasaki et al., 2016). For grass 

tetany, common treatments include intravenous injection of magnesium borogluconate, 

magnesium chloride or magnesium gluconate (Goff, 1998). 

Treatment of downer cow syndrome can be divided into those meant to address trauma, 

and those meant to address secondary muscular damage. Treatment options for luxation include 

applying traction or rotation to the limb, depending on where the femoral head is positioned 

following dislocation (Reynolds, 1996). However, cattle that are unable to stand prior to closed 

reduction have been found to have a poorer prognosis than those that are ambulatory (Jubb et al., 
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1989). The prognosis of cattle experiencing fractures is good, provided that the fracture is closed, 

and treatment is prompt (Mulon, 2013). Treatments for fractures include internal fixation through 

the use of implants such as screws, plates and pins (Nuss, 2014), while methods of external 

fixation such as splints can be a more economical option depending on the severity of the 

fracture (St. Jean and Anderson, 2014). In cases of downer cow syndrome where the proximate 

cause is not trauma, and the cow is normocalcemic, physiotherapeutic measures have yielded 

favorable results (Nowroozi Asl et al., 2010; Raghavendran et al., 2020). One of these 

physiotheraputic measures is floatation therapy, where a cow is placed in a tank of warm water, 

with their buoyancy allowing them to maintain a standing position while bearing only a fraction 

of their weight (Dahlberg, 2012). The physiotheraputic benefits of flotation therapy in treating 

pressure damage come from the increased circulation provided by the relief of pressure damage, 

warm water, and controlled use of leg muscles (Van Metre et al., 1996; Burton et al., 2009). The 

controlled bouts of weight bearing provided by floatation therapy have also been used as an 

effective treatment for calving paralysis (Roberts, 2017). Recovery rate from floatation therapy is 

variable in the literature, ranging from 37% to 57% (Burton et al., 2009; Dahlberg, 2012). As 

flotation therapy can be prohibitively expensive (Dahlberg, 2012), the use of slings to lift a down 

cow can be used as an alternative to provide some protection from pressure damage (Samantara 

et al., 2012). 

1.7 Uncertainty and Gaps in the Literature  

The terminology surrounding non-ambulatory dairy cattle has evolved over time and is 

sometimes used inconsistently. The term parturient paresis is frequently used interchangeably 

with milk fever (Deiner et al., 2012; Bani Hassan et al., 2018), although in earlier literature the 
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term has been used more broadly to describe cows that are non-ambulatory around calving for 

any reason (Bendixen et al., 1986; Bendixen et al., 1987). This could potentially lead to 

confusion when using the term parturient paresis to describe recumbency that is non-metabolic in 

origin, such as neuropathy following dystocia (Poulton et al., 2019). In addition, although the 

term downer cow is often used to describe any case of recumbency where hypocalcemia has 

been ruled out (Yoshida, 2015; Jeong et al., 2016), there are instances where term has been used 

interchangeably with milk fever (Richards et al., 2009; Koeck et al., 2015). There is also 

variability in the criteria used to differentiate downer cow syndrome from other non-ambulatory 

disorders, such criteria include remaining recumbent despite 1 calcium treatment (Oikawa and 

Katoh, 2002), 2 calcium treatments (Björkman et al., 1994), or remaining recumbent for ≥ 12 

hours (Burton et al., 2009).  

Furthermore, although arriving at an accurate prognosis is arguably the most complex 

aspect of responding to non-ambulatory dairy cattle, predictors of recovery have not been well 

investigated. Most work examining prognostic indicators for the recovery of non-ambulatory 

cattle have focussed on haematological factors such as blood minerals (Ménard and Thompson, 

2007; Gelfert, 2007), biomarkers of fatty liver (Kalaitzakis et al., 2011; Heirabadi et al., 2014), 

and concentration and activity of muscle enzymes (Kalaitzakis et al., 2010; Poulton et al., 

2016a). Although these studies have found an association between these factors and whether a 

recumbent cow recovers, they require equipment, time, and expertise to measure and interpret, 

which limits their utility on-farm. Cow-side prognostic indicators that have been examined in the 

literature include duration of recumbency, with longer duration of recumbency being associated 

with non-recovery (Fenwick, 1969a; Clark et al., 1984; Green et al., 2008), and lying position 

(sternal or lateral recumbency) when attended, with cattle in sternal recumbency having a better 
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prognosis than those in lateral recumbency (Fenwick, 1969f). However, other readily usable 

factors, such as age (Ménard and Thompson, 2007; Burton et al., 2009) and parity (Labonte et 

al., 2018), have been found to be similar among cattle that recover from recumbency and those 

that don’t. Some veterinary groups have provided guidance on the use of cow-side prognostic 

indicators, recommending euthanasia of non-ambulatory cattle that are severely injured, in 

distress, unable to maintain sternal recumbency, non-alert, non-eating or drinking and not 

attempting to rise (AABP, 2020). 

Moreover, there are some inconsistent findings among the small body of literature 

investigating prognostic indicators. One of these inconsistencies is the cut-off for non-response 

used in the literature measuring the effectiveness of calcium in treating non-ambulatory 

conditions. Timelines as short as 10 minutes following treatment have been used to designate 

non-response to calcium infusions (Fenwick, 1969b), while more recent literature has reported 8 

hours as a cut-off (Braun et al., 2007; Braun et al., 2016). As cattle have been observed to 

respond to calcium treatment as long as 5 days post-infusion, it is difficult to determine what a 

reasonable cut-off for non-response to treatment would be (Barlet and Davicco, 1992). Without 

an established timeline for re-evaluating a non-ambulatory cow’s prognosis following treatment, 

it’s possible that cattle with a favorable prognosis could be euthanized prematurely, and the 

suffering of cows with a poor prognosis could be unnecessarily prolonged. Furthermore, 

although rolling recumbent cattle from one side to the other to relieve pressure damage is a 

common practice for avoiding secondary muscular damage that is endorsed by some veterinary 

groups (OABP, 2019; AABP, 2020), there are instances in the literature where this practice has 

promoted recovery (Poulton et al., 2016b), and others where it was associated with non-recovery 

(Green et al., 2008). A quantitative synthesis of the available literature regarding rolling as a 
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form of nursing care would be important in determining the overall effect of this practice as a 

means to reduce secondary muscular damage and promote recovery in non-ambulatory dairy 

cattle.  

Sparse and inconsistent literature regarding prognostic indicators for the recovery of non-

ambulatory cattle may contribute to uncertainty and variability in farm-level decisions regarding 

treatment and prognosis. While there are narrative reviews exploring non-ambulatory conditions 

in dairy cattle (Hibbs, 1950; Thilsing-Hansen et al., 2002; DeGaris et al., 2009), these types of 

reviews may be less thorough and more subjective due to a lack of formal methodology (Schmidt 

and Gotzsche, 2005). In addition to a formal review, this decision-making process could be 

facilitated through the use of a written protocol specific to the producer’s farm, that details how 

to manage down cows in a variety of situations. Examining demographic and farm-level factors 

that contribute to variability in care received by down cows may help target further research and 

extension efforts.  

1.8 Conclusion and Rationale for Thesis Objectives 

Non-ambulatory dairy cattle are a complex and important problem faced by the dairy 

industry. The limited literature regarding prognostic indicators for the recovery of non-

ambulatory dairy cattle may be a potential source of variation in the care these cattle receive. 

This variability could potentially be reduced through the development of a farm-specific protocol 

for responding to non-ambulatory dairy cattle, which has recently become a Dairy Farmers of 

Canada (DFC) proAction requirement in 2019 (DFC, 2020). A formal synthesis of the literature 

regarding non-ambulatory dairy cattle could be an asset in the development of a downer cow 

protocol, and a quantification of how Canadian dairy producers responded to down cows prior to 
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2019 could provide a useful benchmark to measure changes in protocol usage following these 

protocols becoming mandatory. Therefore, the objectives of this thesis are to: 

A) Conduct a scoping review to characterize the literature concerning non-ambulatory dairy 

cattle. 

B) Analyze the results of a national survey conducted in 2015 to identify relationship between 

demographic and farm characteristics, and how Canadian dairy producers respond to a downer 

cow scenario. 
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2. Chapter 2: A Scoping Review of the Analytical Literature 

Concerning Non-ambulatory Dairy Cattle 

 

Submitted for Publication 

2.1 Abstract 

Non-ambulatory dairy cattle pose a complex problem due to the challenges associated with 

prevention, appropriate treatment and management, and arriving at an accurate prognosis. There 

is a breadth of literature regarding this topic, of which there is currently no formal synthesis. The 

objective of this scoping review was to characterize the literature investigating prognostic factors 

associated with diagnosis, treatment, and rehabilitation of non-ambulatory dairy cattle. A 

literature search was conducted in 6 databases and 2 conference proceeding archives, which 

returned 7,568 unique articles. Initial screening of abstracts resulted in 1,544 articles reviewed at 

the full text stage, of which 379 were included for data extraction. Over 75% of the included 

literature was published after 1980, and the most common countries in which these studies took 

place were the United States (n = 72), Canada (n = 18), Sweden (n = 17) and Germany (n = 17). 

Common eligibility criteria used for inclusion were geographic region (n = 97) and parity (n = 

92). Of the 379 studies included in this review, 144 were randomized controlled trials and 235 

were observational studies. The majority of the controlled trials assessed prevention of non-

ambulatory conditions (n = 116), most commonly through supplementation of vitamin D (n = 

27), and calcium (n = 25), or the provision of anionic salts (n = 22). Of the 28 studies focussing 

on treatment of non-ambulatory conditions, 26 focused on calcium administration. Becoming 

non-ambulatory was evaluated as an outcome in 165 of the observational studies. Frequently 

measured exposures for becoming non-ambulatory included hematological variables, such as 

blood calcium (n = 73), phosphorus (n = 53) and magnesium (n = 42), and other factors, such as 
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parity (n = 35) and breed (n = 22). Recovery from a non-ambulatory condition was the outcome 

in 31 of the observational studies, with commonly measured prognostic indicators being calcium 

(n = 9), phosphorus (n = 9) and duration of recumbency (n = 7). Non-ambulatory disorders were 

measured as an exposure in 53 of the observational studies, with the most commonly assessed 

outcomes including disorders of the transition period (n = 11), and death or euthanasia (n = 11). 

The most common terms used to describe non-ambulatory conditions were milk fever (n = 199) 

and parturient paresis (n = 147). These terms were only further defined with explicit diagnostic 

criteria in 193 of the 379 studies in this review. Recumbency was the most commonly used of 

these criteria (n = 144), followed by inability to rise (n = 55). Gaps in the literature concerning 

non-ambulatory dairy cattle which were identified in the present review include investigation of 

prognostic indicators for recovery from non-ambulatory conditions that are readily usable on-

farm, treatment alternatives to calcium administration, and guidance regarding the appropriate 

usage of terms meant to categorize non-ambulatory dairy cattle. 

2.2 Introduction 

Dairy cattle that become non-ambulatory pose a plethora of challenges to the dairy 

industry, which are further complicated by the variation in prognostic factors used to inform 

treatment and euthanasia of these animals. Approximately 450,000 cattle become non-

ambulatory annually in the United States, with one quarter of American dairy producers 

reporting one or more recumbent dairy cows per year (NASS, 2005; NASS, 2013). Although 

national statistics regarding all non-ambulatory conditions experienced by dairy cattle are not 

currently available in other countries, herd-level prevalence of recumbency in dairy cattle due to 

acute hypocalcemia has been estimated to be 3% in Ireland (Mee, 1993), 7.7% in the United 



 

 

28 

 

Kingdom (Esslemont and Kossaibati, 1996) and between 1.6% and 5.4% in Australia (Caple, 

1987). 

Cattle become recumbent for a variety of reasons including metabolic imbalances such as 

hypocalcemia and hypomagnesia (Allen and Davies, 1981), and traumatic injuries such as 

fractures (Yadav et al., 2019) and nerve damage following dystocia (Poulton et al., 2019). Less 

common causes of recumbency include infectious disease (Braun et al., 2005) and ingestion of 

toxic substances (Bradley, 1993). Regardless of the primary cause of recumbency, the prognosis 

worsens the longer a cow is recumbent, due to the onset of secondary muscular damage (Poulton 

et al., 2016a), often taking the form of nerve damage and ischemic necrosis of muscle tissue 

(Cox et al., 1982). The odds of recovering from a non-ambulatory condition decrease three-fold 

after 24 hours of recumbency (Green et al., 2008). Therefore, it is important that producers and 

veterinarians arrive at a rapid and accurate diagnosis, prognosis and treatment plan for non-

ambulatory dairy cattle.  

The decision-making process for managing non-ambulatory dairy cattle is complicated by 

a broad and complex body of literature regarding the effectiveness of prognostic indicators in 

predicting the recovery of non-ambulatory cattle, of which there is currently no formal synthesis. 

While narrative reviews covering the topic of non-ambulatory dairy cattle have been published 

(Hibbs, 1950; Thilsing-Hansen et al., 2002; DeGaris et al., 2009), these types of reviews may be 

less thorough and more subjective compared to reviewing processes that follow a formal 

methodology (Schmidt and Gotzsche, 2005). A formal synthesis of the literature regarding non-

ambulatory dairy cattle could help guide future research efforts by identifying gaps in the 

literature and providing a valuable preliminary step towards conducting a systematic review on 

this topic. The objective of this scoping review is to describe and characterize the literature 
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investigating risk factors, sequela, preventions, treatments and prognostic factors for non-

ambulatory conditions in dairy cattle; with the intent of qualitatively synthesizing knowledge of 

the topic and identifying gaps in the literature. 

2.3 Materials and Methods 

This scoping review followed the methodological framework outlined by Arksey and 

O’Malley (2005), and the reporting guidelines of the Preferred Reporting Items for Systematic 

reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) (Tricco et al., 2018). 

2.3.1 Protocol Registration  

The protocol for this scoping review was developed a priori, and has been published in 

The Atrium, a data repository at the University of Guelph (http://hdl.handle.net/10214/17820). 

2.3.2 Eligibility Criteria  

Primary literature and conference proceedings were eligible for inclusion in this scoping 

review provided they described an analytical study in which becoming non-ambulatory was a 

measured exposure or outcome in a population of dairy cattle. Furthermore, studies were only 

eligible to be included if a full-text copy of the publication was available online, was in English, 

and exceeded 500 words. No restrictions were placed regarding geography or date of publication. 

2.3.3 Information Sources 

The literature search involved six databases that were chosen based on their likelihood of 

containing publications involving non-ambulatory dairy cattle: AGRICOLA (via ProQuest) Web 

of Science, CABI (via CAB direct), SCOPUS, Proquest Theses and Dissertations, and Medline 

(via Web of Science). Additionally, available archived conference proceedings from the World 
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Buiatrics Congress (conference proceedings from 2002 to 2018 archived on the International 

Veterinary Information Service website) and the AABP (conference proceedings available from 

2013 to 2018 archived on the AABP website) were searched for relevant literature.  

2.3.4 Literature Search 

To maximize sensitivity, a search string was developed with the intent of capturing all the 

ways an author could choose to refer to non-ambulatory cattle. This was achieved by combining 

three search strings; the first containing relevant synonyms for the term “non-ambulatory”, the 

second containing relevant synonyms for cattle, and the third containing phrases used 

colloquially by producers and veterinarians to describe non-ambulatory cattle (Table 1). By 

linking terms within the search strings with the operator “or”, and linking the non-ambulatory 

search string and the cattle search string with the operator “and”, this component of the search 

string aimed to capture all studies that used any of the terms in the non-ambulatory search string 

as well as any of the terms in the cattle search string. The third component of the search string 

included phrases such as “down cow”, in order to avoid the inclusion of irrelevant literature that 

would result from including “down” in the non-ambulatory search string. A preliminary test of 

the search terms was conducted in the database CABI (via CAB direct) to help ensure that these 

terms were suitable to capture the body of literature we intended to synthesize. The final search 

string used in the literature search is described in Table 1.  

2.3.5 Study Selection 

All results from the literature search were imported to EndNoteTM (Clarivate Analytics; 

PA, USA) where duplicate studies were removed, then imported into DistillerSR (Evidence 

Partners Inc.; ON, Canada) to remove remaining duplicates and complete the two-phase 
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screening process. During the first screening phase, the title and abstract of each study was 

screened based on the following questions: 

1: Is the title/abstract available in English? 

2: Does the title/abstract describe primary research? 

3: Does the title/abstract describe a study involving mature dairy cattle that are unable to stand? 

Two reviewers independently answered each question as “yes”, “no” or “unclear”. Only 

articles that received an answer of “yes” or “unclear” for all three questions moved on to the next 

phase of screening. Exclusion was at the form level, with both reviewers answering “no” to any 

of the three questions resulting in exclusion of the article. Disagreement between the two 

reviewers was resolved by consensus, with mediation by DLR and CBW when consensus could 

not be reached. A pre-test of the first 100 articles was performed to ensure both reviewers 

understood the questions and how to apply them appropriately in the screening process.  

For the second phase of screening, the full text articles of studies meeting the criteria of 

phase one were obtained and subjected to additional screening based on the following questions: 

1: Does the full text describe primary research? 

2: Is the full text available in English? 

3: Is the full text more than 500 words? 

4: Does the full text describe a study involving mature dairy cattle that are unable to stand? 

5: Does the full text describe an analytical study? 

Two reviewers independently answered “yes” or “no” to each question, with an answer of 

“yes” to all five questions resulting in inclusion. Exclusion was at the question level, with an 

article only being excluded if both reviewers responded “no” to the same question. As in phase 
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one, disagreement between the two reviewers was resolved by consensus, with mediation by 

DLR and CBW when consensus could not be reached. A pretest of the first 10 articles was 

performed to ensure both reviewers and mediators understood the form.  

2.3.6 Data Extraction  

Data from all articles included after the second phase of the screening process were 

extracted independently by WJM and CNR using a data extraction form in DistillerSR. 

Disagreement between the reviewers was resolved by consensus, with mediation by DLR and 

CBW when consensus could not be reached. A pretest of the data extraction form was performed 

on the first 10 articles to ensure all reviewers and mediators understood the form. Data extracted 

from the full text articles include:  

1. General study characteristics (year of conduct and publication, hypothesis and objective) 

2. Population characteristics (country of study, type of farm, breed, housing type) 

3. General study design (sample size/number of farms, study unit, inclusion criteria, study type) 

4. Questions specific to study type  

a. Randomized control trial (type of trial, randomization strategy, type of intervention, 

treatment groups, outcome definition, period of risk of developing outcome) 

b. Cross-sectional study (whether being non-ambulatory was an outcome or an exposure, 

list of exposures and outcomes, whether data was collected at a single point in time) 

c. Cohort study (whether being non-ambulatory was an exposure or an outcome, list of 

exposures, list of outcomes, whether the study was prospective or retrospective) 

d. Case-control study (case definition, control definition, sourcing of controls, whether 

being non-ambulatory was an exposure or outcome, list of exposures and outcomes)  
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2.3.7 Synthesis of Results and Charting  

Data extraction forms were imported into Microsoft Excel 16.0 (Microsoft Corp., 

Redmond, WA), where extraneous data were removed prior to importing the results into 

Microsoft Word 16.0 (Microsoft Corp., Redmond, WA) as a table. Once tabulated, data were 

cleaned by converting responses into a concise format with consistent vocabulary to aid the 

indexing and enumeration of study attributes. The flowchart illustrating the screening process 

(Figure 1), the table summarizing the data extraction (https://doi.org/10.5683/SP2/JHWCMF), 

and framework for this scoping review were guided by the PRISMA extension for scoping 

reviews (Tricco et al., 2018). 

2.4 Results 

2.4.1 Included Studies 

The literature search carried out on March 20th 2020 yielded 12,279 articles: 5,712 

identified in CABI (via CAB Direct), 2,564 in SCOPUS, 1,660 in Medline, 1,546 in Web of 

Science, 702 in AGRICOLA, 55 in Proquest theses and dissertations, and 40 conference 

proceedings from the World Buiatrics Congress (conference proceedings from 2002 to 2018) and 

the AABP (conference proceedings available from 2013 to 2018). After the removal of 

duplicates, the abstracts of 7,568 unique articles were reviewed, resulting in 1,544 articles 

eligible for full-text screening, of which 379 were included for data extraction (Figure 1).  

2.4.2 General Study Characteristics  

The amount of literature in the present review published per decade focusing on non-

ambulatory dairy cattle increase from 2 publications in the 1930’s to 103 publications in the 
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2010’s, with over 75% of this literature published after 1980 (Figure 2). Year in which the study 

was conducted was reported in less than half of the studies (n = 171/379; 45%). The study 

objective was stated explicitly in 83% of studies (n = 314/379), while the study hypothesis was 

stated in only 13% of studies (n = 48/379). 

2.4.3 Population Characteristics  

The country in which the study was conducted was reported in 65% of studies (n = 

247/379), with the most common study locations being the United States (n = 72/247; 29%), 

Canada (n = 18/247; 7%), Sweden (n = 17/247; 7%), Germany (n = 17/247; 7%), and Australia 

(n = 14/247; 6%) (Figure 3). Of the 236 studies reporting the type of farm used, 74% were 

conducted in commercial farms (n = 174/236), 21% reported using research herds (n = 50/236), 

and 5% reported using both research and commercial herds (n = 12/236). Breed of the cattle 

involved in the study was reported in 78% of studies (n = 295/379). The most common breed 

reported was Holstein (n = 214/295; 73%), followed by Jersey (n = 77/295; 26%). Nine percent 

of studies reported that they used cross-bred cattle (n = 26/295). Less common breeds each 

reported in less than 6% of the literature included Ayrshire, Guernsey, Simmental, Swedish red, 

and Swedish red and white. Of the studies reporting breed, 35% (n = 103/295) of studies reported 

using more than 1 breed of dairy cattle in their study. Housing type was reported in 32% of 

studies, (n = 120/379); 49% of these studies reported using free-stalls (n = 59/120), 38% reported 

using tie-stalls (n = 46/120), and 33% reported that animals were housed on pasture (n = 39/120). 

2.4.4 General Study Design  

Sample size of studies ranged from 5 to over 8 million study units, with a median sample 

size of 2,197 study units; the unit of interest was the individual cow in 96% of studies (n = 
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365/379) and the herd in 4% of studies (n = 14/379). The sample size of the majority of studies 

ranged from 11-100 (191 studies), but the distribution was highly right skewed, with 27 studies 

having sample sizes exceeding 10,000; 13 having sample sizes exceeding 100,000 and 2 having a 

study population exceeding 1,000,000 (Figure 4). The right skewed sample size distribution 

could be explained in part by the fact that 42 of the individual level studies reported their sample 

size as number of calvings or lactations, indicating that one cow could contribute multiple data 

points over the duration of the study. Only 55% (n = 201/365) of the individual-level studies 

reported the number of farms involved. The number of farms involved in studies where analysis 

was at the cow level ranged from 1 to over 19,000, with a median of 10 farms. Of the studies that 

reported the number of farms used, the majority reported using 10 farms or less (n = 129/201; 

64%), and many reported having used 1 farm (n = 81/201; 40%). Figure 1 depicts the 

distribution of observational studies and randomized control trials in the present review, as well 

as the type of observational studies and the nature of the interventions used in controlled trials.  

The most common eligibility criteria for a cow to enter a study were geographic region (n 

= 97/320; 30%) and parity (n = 92/320; 29%). Notable differences were found in the use of 

parity and region as eligibility criteria in the controlled trial literature compared to the 

observational study literature. Specifically, parity was more commonly included in the eligibility 

criteria for the controlled trial literature (n = 70/115; 61%) compared to the observational 

literature (n = 22/205; 11%), while region was a more common eligibility criteria among the 

observational literature (n = 96/205; 47%) compared to the controlled trial literature (n = 1/115; 

1%). 

2.4.5 Randomized Control Trials  
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Thirty-eight percent of the non-ambulatory dairy cow literature in the present review 

were randomized control trials (n = 144/379), most of which were parallel in structure (n = 

139/144; 97%), with only a small number of cross-over studies (n = 5/144; 3%). Randomization 

strategy was reported in only half of the controlled trials (n = 74/144), of which 15% reported 

their method of randomization, (n = 11/74), 14% reported use of a non-random method (n = 

10/74) and 72% mentioned randomization without specifying the method used (n = 53/74).  

Table 2 provides an overview of temporal trends in the study of prevention (n = 116/144) 

and treatment (n = 28/144) of non-ambulatory conditions in dairy cattle between 1940 and 2020. 

Briefly, the number of publications investigating prevention of non-ambulatory outcomes 

increased dramatically in the 1970s and 1980s, where the focus was primarily vitamin D 

supplementation (20 publications); the number of prevention publications per decade was fairly 

consistent through to 2020, although interest shifted to use of anionic salts as a method of 

prevention from 1990 to 2020 (19 publications).  

The most common preventative interventions were supplementation of vitamin D (n = 

27/116; 23%), and calcium (25/116; 22%), as well as anionic salts (22/116; 19%), and 

manipulation of the forage type or ration nutrient composition (17/116; 15%). Other 

interventions included: phosphorus supplementation (8/116; 7%), parathyroid hormone 

supplementation (5/116; 4%), a low calcium diet prepartum (5/116; 4%), supplementation of 

minerals besides calcium and phosphorus (5/116; 4%), zeolite (4/116; 3%), ammonium chloride 

(3/116; 3%) and pre-partum milking (2/116; 2%). One study each examined supplementation of 

vitamins other than vitamin D, mastectomy, low phosphorus pre-partum, manipulation of dry 

period length, housing, and supplementation of hydrochloric acid, ketoprefen, 
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ethylenediaminetetraacetic acid, glycoline, somatotropin, flumethasone, and disodium ethane-l-

hydroxy-1,1-diphosphonate. 

Treatment of non-ambulatory outcomes comprised 19% of the controlled trial literature 

included in the present review (n = 28/144), with almost all studies involving administration of 

calcium in some form to at least one of the treatment groups (n = 26/28; 93%). The most 

common calcium compounds investigated were calcium borogluconate (n = 21/26; 81%) and 

calcium chloride (n = 3/26; 12%). The effectiveness of calcium combined with other compounds 

was also common in the treatment literature, including magnesium (n = 10/28; 36%), phosphorus 

(n = 12/28; 43%), glucose (n = 4/28; 14%) and vitamin D (n = 1/28; 4%). Lastly, 3 studies 

investigated naloxone as a treatment for non-ambulatory disorders in dairy cattle (n = 3/28; 

11%).  

Of the controlled trial literature in the present review, 28% (n = 41/144) reported the 

period of risk, after which cattle having not experienced the outcome would be deemed outcome 

negative. Of the 14 studies reporting the risk period of recovery, this duration ranged from 0.2 h 

to 720 h, with a mean of 66.5 h (SD: 190.5 h). Of the 27 studies reporting the risk period for 

becoming non-ambulatory, this period of observation ranged from 0.25 d to 84 d, with a mean of 

25.2 d (SD: 27.1 d). 

2.4.6 Observational Studies 

Sixty-two percent of the studies included in the present review were observational studies 

(n = 235/379). The observational literature consisted predominately of cohort studies (n = 

148/235; 63%) and case-control studies (n = 58/235; 25%), as well as a small number of cross-
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sectional studies (n = 29/235; 12%). The majority of the cohort studies were prospective (n = 

128/148; 86%), while 14% were retrospective (n = 20/148). 

Becoming non-ambulatory or recovering from a non-ambulatory condition was a 

measured outcome in 196 of the 235 observational studies in the present scoping review. The 

outcome in 84% (n = 165/196) of these studies was becoming non-ambulatory. The most 

commonly measured exposures for becoming non-ambulatory were blood calcium (n = 73/165; 

44%), phosphorus (n = 53/165; 32%) and magnesium (n = 42/165; 25%). Blood parameters that 

were less commonly measured as exposures for becoming non-ambulatory include glucose (n = 

19/165; 12%), minerals other than calcium, phosphorus and magnesium (n = 18/165; 11%), 

blood lipid compounds (n = 17/165; 10%), blood cells and clotting factors (n = 16/165; 10%), 

metabolites of energy metabolism (n = 14/165; 8%), vitamin D (n = 13/165; 8%), concentration 

(n = 13/165; 8%) and activity (n = 7/165; 4%) of enzymes such as creatine kinase and aspartate 

aminotransferase, and miscellaneous blood compounds not easily grouped by structure or 

function (n = 21/165; 13%). Phenotypic features of cattle that were commonly measured as an 

exposure for becoming non-ambulatory include parity (n = 35/165; 21%), breed (n = 22/165; 

13%), milk production (n = 19/165; 12%), age (n = 14/165; 8%) and body condition score (n = 

9/165; 5%). Other commonly measured exposures include season and year of calving (n = 

19/165; 12%), compounds in urine (n = 13/165; 8%), heritability (n = 14/165; 8%) and feed 

composition (n = 14/165; 8%). Hormones involved in calcium regulation such as calcitonin and 

parathyroid hormone were measured exposures for becoming non-ambulatory in 7% of studies (n 

= 12/165), and hormones not involved in calcium regulation such as insulin and cortisol were 

also exposures in 7% of studies (n = 11/165). Other notable risk factors for becoming non-

ambulatory that were measured in the literature include non-metabolic disease (n = 13/165; 8%), 
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metabolic disease (n = 13/165; 8%), housing (n = 10/165; 6%) and herd size (n = 9/165; 5%). A 

comprehensive list of exposures for becoming non-ambulatory measured in the observational 

literature is presented in Table 3. 

Within the observational literature, recovery from a non-ambulatory condition was the 

outcome in 31 studies. The most common exposures for recovery (prognostic factors) measured 

in the literature where the concentration of blood minerals including calcium (n = 9/31; 29%), 

phosphorus (n = 9/31; 29%), magnesium (n = 6/31; 19%), and other blood minerals (n = 5/31; 

16%). Other blood parameters measured as prognostic factors include blood enzymes 

concentration (n = 6/31; 19%), enzyme activity (n = 5/31; 16%), metabolites of energy 

metabolism (n = 5/31; 16%), serum sugars (n = 4/31; 13%), blood cells and clotting factors (n = 

4/31; 13%) and miscellaneous blood compounds not easily grouped by structure or function (n = 

7/31; 23%). Non-hematological prognostic factors present in the literature include duration of 

recumbency (n = 7/31; 23%), weight (n = 4/31; 13%), age (n = 4/31; 13%), and parity (n = 3/31; 

10%).  

Being non-ambulatory was measured as an exposure in 53 studies, with death or 

euthanasia being the most commonly measured outcome (n = 11/53; 21%). Disorders of the 

transition period were measured in 21% of studies (n = 11/53), including metritis (n = 9/53; 

17%), retained placenta (n = 8/53; 15%), ketosis (n = 8/53; 15%), and dystocia (n = 6/53; 11%). 

Other disorders measured as outcomes downstream of cattle becoming non-ambulatory included 

mastitis (n = 7/53; 13%), displaced abomasum (n = 5/53; 9%), disorders of the digestive tract (n 

= 4/53; 8%), and infectious disease (n = 2/53; 4%). Measures of productivity including milk 
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yield (n = 7/53; 13%) and fertility (n = 6/53; 11%) were also measured outcomes following cattle 

becoming non-ambulatory.   

Fourteen of the observational studies mentioned above analyzed being non-ambulatory as 

both an outcome and an exposure. Factors enabling a non-ambulatory state to act as both an 

exposure and an outcome include path analysis (n = 2/14; 14%), treating a non-ambulatory 

episode as an exposure for recurrence in the following lactation (n = 3/14; 21%), measuring milk 

fever as an exposure for downer cow syndrome (n = 3/14; 21%), and performing analysis on 

outcomes downstream of becoming non-ambulatory, as well as upstream factors such as age, 

parity or season (n = 6/14; 43%). Upstream factors most commonly measured in these studies 

included parity (n = 7/14; 50%), metabolic disease (n = 6/14; 43%) and non-metabolic disease (n 

= 4/14; 29%), while the most common downstream factors were metritis (n = 5/14; 36% ), 

ketosis (n = 4/14; 29%), mastitis (n = 4/14; 29%) and left displaced abomasum (n = 4/14; 29%).  

2.4.7 Non-ambulatory Terminology  

The most common labels given to non-ambulatory outcomes and exposures were milk 

fever (n = 199/379; 53%) and parturient paresis (n = 147/379; 39%). Less common terms used 

include downer cow syndrome, or simply downer cow, which was used in 12% of the literature 

(n = 47/379), and non-parturient paresis (n = 10/379; 3%). A notable portion of the literature (n = 

59/379; 16%) enrolled only non-ambulatory dairy cows in their study and used recovery from a 

non-ambulatory condition as their study outcome. The cumulative frequency of non-ambulatory 

terms (n = 462) exceeds the number of studies included in the present review (n = 379) because 

several studies used multiple non-ambulatory terms interchangeably. 
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Explicit diagnostic criteria were only used in 51% (n = 193/379) of the included studies. 

Recumbency was the most commonly used diagnostic criteria (n = 144/193; 75%), followed by 

inability to rise (n = 55/193; 28%), comatose (n = 10/193; 5%), paralysis (n = 8/193; 4%) and 

ataxia (n = 5/193; 3%). Explicit definitions of recovery were only reported in 63% (n = 37/59) of 

the studies where the outcome was recovery from a non-ambulatory condition; defined as either 

rising (n = 32/37; 86%) or survival (n = 5/37; 14%). Definitions not based on clearly defined 

outward signs were frequent in the literature (n = 186/379; 49%), the most common of which 

was defining the criteria for diagnosing the non-ambulatory outcome as “clinical signs” without 

further defining what these included (n = 76/186; 41%). Other potentially ambiguous definitions 

of non-ambulatory outcomes included recovery following calcium treatment as a diagnostic 

criterion for milk fever (n = 25/186; 13%), non-response to calcium therapy as a diagnostic 

criterion for downer cow syndrome (n = 6/186; 3%), veterinary diagnosis (n = 17/186; 9%), 

producer diagnosis (n = 9/186; 5%), symptoms unattributable to other disorders (n = 11/186; 

6%), and treatment records (n = 14/186; 8%).  

2.5 Discussion 

2.5.1 Frequently Investigated Topics  

 There are several areas of the down cow literature that have been well explored. Based 

on the results of the present review, there appears to be a strong body of literature investigating 

prevention of non-ambulatory conditions in dairy cattle (n = 116). The most frequently 

investigated methods of prevention were supplementation of vitamin D (n = 27), calcium (n = 

25), and anionic salts (n = 22). It is worth noting that although there have been 27 studies 

investigating vitamin D as a prevention of non-ambulatory outcomes in dairy cattle, only 4 of 
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these were published following 1990. Therefore, the topic of vitamin D as a method of 

prevention may be worth revisiting, given potential changes in management practices, cattle 

genetics, and measurement technology that have occurred since these studies were conducted. 

Among the literature investigating treatment of non-ambulatory dairy cattle, there are 26 articles 

focussing on calcium supplementation, the most common being calcium borogluconate 

administered intravenously (n = 21). Furthermore, there was a large body of observational 

literature investigating risk factors for dairy cattle becoming non-ambulatory (n = 165). The most 

commonly measured risk factors were haematological, primarily serum concentration of calcium 

(n = 73), phosphorus (n = 53), and magnesium (n = 42).  Non-haematological risk factors that 

were frequently measured include parity (n = 35) and breed (n = 22). Lastly, although few 

studies investigating prognostic indicators for recovery of non-ambulatory dairy cattle were 

found in the present review, serum concentration of calcium and phosphorus were each measured 

as prognostic indicators in 9 studies.  

2.5.2 Gaps in the Literature 

The present review identified 31 studies in which prognostic indicators for the recovery 

of non-ambulatory dairy cattle were investigated, representing only 8% (n = 31/379) of the 

literature. The most common of these prognostic indicators were haematological parameters such 

as blood calcium (n = 9/31) and phosphorus (n = 9/31), which may not be practical cow-side. 

Prognostic indicators investigated in the literature that are readily usable on-farm include age (n 

= 4/31), parity (n=3/31) and breed of cattle (n = 1/31), time relative to calving that the cow 

became non-ambulatory (n = 2/31), and whether the cow is in sternal or lateral recumbency (n = 

3/31). Duration of recumbency was a commonly investigated prognostic indicator (n = 7/32), 
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although this could be difficult to determine when the exact time a cow became recumbent is 

unknown. Further investigation of prognostic indicators that are readily usable on-farm would be 

extremely valuable in guiding producers and veterinarians in making treatment and euthanasia 

decisions regarding non-ambulatory dairy cattle.  

Of the few studies that investigated treatment of non-ambulatory conditions, almost all 

used calcium compounds. As the mechanism of recumbency is not always hypocalcemia, there 

are many instances in which non-ambulatory dairy cattle remain recumbent despite calcium 

treatment (Björkman et al., 1994; Oikawa and Katoh, 2002; Labonté et al., 2018). Provided that 

such cattle are not experiencing trauma such as fractures or luxation, the course of treatment 

should shift toward physiotherapeutic measures aimed at reducing the impact of secondary 

muscular damage (Cox and Farmsworth, 1998). The present review identified two studies in 

which such therapeutic measures were investigated as a means to relieve pressure damage; one 

of which used floatation therapy (Burton et al., 2009), while the other used slings (Samantara et 

al., 2012). During floatation therapy, a non-ambulatory cow is supported by buoyancy in a tank 

of warm water (Dahlberg, 2012). This allows for increased perfusion of muscle tissue through 

relief of pressure damage, warm water, and controlled use of leg muscles (Van Metre et al., 

1996; Burton et al., 2009). In addition to treating secondary muscular damage, the controlled use 

of leg muscles facilitated by floatation therapy can also treat calving paralysis (Roberts, 2017). 

Reported recovery rate of non-ambulatory dairy cattle following floatation therapy ranges from 

37% to 57% (Burton et al., 2009; Dahlberg, 2012), being influenced by the duration of 

recumbency and quality of nursing care the cow received prior to initiating the floatation therapy 

(Stojkov et al., 2016). A less expensive alternative to floatation therapy is to intermittently assist 

a non-ambulatory cow to stand with the use of slings while massaging the limbs with warm 
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water, which can provide similar benefits with respect to treating secondary muscular damage 

through increased circulation (Raghavendran et al., 2020). Although only two studies 

investigating the topic of physiotherapeutic treatment of non-ambulatory conditions were 

identified in this scoping review, there appears to be more literature to this topic than the present 

review would suggest. While some of these were case studies (Raghavendran et al., 2020), there 

were analytical studies that were not included (Stojkov et al., 2016), possibly reflecting a 

limitation in the methodology of this scoping review at the literature search or screening phase.  

The review identified 4 studies in which exposures for becoming non-ambulatory were 

investigated in the context of transport for slaughter. Although loading of non-ambulatory 

animals for slaughter is prohibited in regions including Canada (Health of Animals Act, 2019) 

and the European Union (EC No 1/2005), complex welfare issues can arise when an animal 

becomes non-ambulatory while in transit, as regulations often prohibit unloading of these 

animals unless rendered unconscious or euthanized on the truck (Canadian Food Inspection 

Agency (CFIA), 2020). Investigation into factors that prevent cattle from becoming non-

ambulatory during transport could improve the welfare experienced by these animals, and 

potentially benefit producers, transport companies and slaughter facilities.  

2.5.3 Non-ambulatory Terminology  

Milk fever and parturient paresis are often used interchangeably in the literature to 

describe dairy cattle that are unable to stand due to acute hypocalcaemia during the transition 

period (Deiner et al., 2012; Bani Hassan et al., 2018). However, while parturient paresis implies 

clinical signs, there are instances in which milk fever is used simply to describe hypocalcemia 

without specifying that affected cattle are in a non-ambulatory state (Ducusin et al., 2003). 
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Conversely, while milk fever implies hypocalcemia, there are instances in which the term 

parturient paresis is used to simply to describe cattle that are non-ambulatory around the time of 

calving, not necessarily due to metabolic imbalance (Bendixen et al., 1986; Bendixen et al., 

1987). The literature regarding non-ambulatory dairy cattle is further complicated by inconsistent 

use of the term downer cow, and downer cow syndrome. Downer cow syndrome is often 

distinguished from other non-ambulatory disorders in that calcium is an ineffective treatment 

(Björkman et al., 1994; Oikawa and Katoh, 2002; Labonté et al., 2018). In the present review, 

non-response to calcium therapy was only used as a diagnostic criterion in 13% (n = 6/47) of the 

studies that used “downer cow syndrome” to define their non-ambulatory condition. This leads to 

uncertainty as to whether the remaining 87% (n = 41/47) are using the traditional definition of 

downer cow syndrome (non-response to calcium therapy), another definition entirely, or are 

using the term interchangeably with milk fever or parturient paresis.  Although guidance 

regarding the correct nomenclature to categorize non-ambulatory cattle based on clinical signs 

and etiology has been published (Fenwick, 1969; Cox and Opinato, 1998), these reviews involve 

terminology that is not commonly used in recent literature such as “creeper cow”, and the 

differentiation of alert and non-alert downer cows. Hence, there is a clear need for the 

publication of an updated statement on the use of terms to describe non-ambulatory dairy cattle.   

A critical step toward achieving clear and consistent language in the literature concerning 

non-ambulatory dairy cattle is to ensure that authors further define all non-ambulatory terms they 

use with explicit diagnostic criteria. Definitions of non-ambulatory terms were sometimes made 

clearer through the use of qualifiers such as “recovery following calcium treatment” (n = 25) or 

“non-response to calcium treatment” (n = 6), which help distinguish non-ambulatory terms that 

differ based on these criteria. However, qualifiers like “recovery following calcium treatment” 
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were sometimes used as a stand-alone definition (n = 13), leaving the reader to speculate what 

state these cattle were recovering from. Furthermore, some studies used potentially unreliable 

criteria in their diagnosis of non-ambulatory conditions, such as producer diagnosis (n = 9), and 

treatment records (n = 14). These criteria rely on the producer having complete and accurate 

records, and the ability to diagnose and differentiate types of non-ambulatory disorders. Criteria 

such as these may be unavoidable in retrospective studies but should only be used when direct 

observation is not possible.  

2.5.4 Limitations 

Relevant literature could have been missed during the literature search or screening phase 

of the review due to not being published in English, not having an available full text, or using 

terms to describe non-ambulatory cattle that were not present in our search string. The exclusion 

of non-English articles has been found to influence the conclusions drawn from meta-analyses 

(Grégoire et al., 1995); although the present review does not draw conclusions based on 

statistical analysis, it is possible that the exclusion of 148 non-English articles during the full text 

screening phase could have accounted for gaps in the literature, and possibly introduced 

geographic bias. Of the articles that passed the abstract screening stage (n = 1544), 350 

potentially relevant articles were excluded because their full text could not be located. However, 

a characterization of the information available on these 350 articles revealed that 32% (n = 

111/350) were published in non-English journals, and 17% (n = 59/350) were only 1 page in 

length, both of which could potentially have resulted in exclusion of these articles. Furthermore, 

70% (n = 245/350) of these articles were published prior to 1990 and may not be available in an 

electronic format.  
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2.6 Conclusion 

The majority of literature regarding non-ambulatory dairy cattle was published after 

1980, primarily conducted in the North American, Oceanic and Northern European countries. 

Most of the literature was observational, measuring hematological parameters as risk factors for 

dairy cattle becoming non-ambulatory. Only a minor proportion of the observational literature 

measured prognostic indicators for recovery from non-ambulatory conditions, an area of research 

requiring much more attention considering the financial and welfare implications of deciding 

when euthanasia of non-ambulatory cattle is appropriate. One third of the literature was 

comprised of randomized control trials, of which the majority studied prevention of non-

ambulatory outcomes. This literature was very homogenous, primarily focusing on calcium as a 

treatment, and preventions including vitamin D, calcium, and anionic salts. Inconsistencies were 

found in the terms used to describe non-ambulatory dairy cattle, which was further complicated 

by poor reporting of diagnostic criteria used to define these terms. There is a clear need for an 

updated publication providing guidance regarding correct usage of the array of terms describing 

non-ambulatory cattle, as well as extension efforts to communicate proper usage of these terms 

to veterinarians, producers, and researchers. Based on the results of the present review, 

contributions to the literature concerning non-ambulatory dairy cattle that would be particularly 

valuable include investigation of on-farm prognostic indicators for the recovery of non-

ambulatory dairy cattle, treatment alternatives to calcium administration, and a deeper 

investigation into the usage of non-ambulatory terms over time followed by an official statement 

regarding their proper usage.  
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Table 2.1: Search strings used to capture literature relating to non-ambulatory dairy cattle in 6 

databases (AGRICOLA, CABI (via cab direct), Medline, Proquest theses and dissertations, 

Web of Science, and SCOPUS), and conference proceedings from the World Buiatrics 

Congress (2002 to 2018) and the American Association of Bovine Practitioners (2013 to 

2018), during the literature search conducted for the present scoping review on March 20th, 

2020. 
 

1 

Non-Ambulatory OR “non ambulatory” OR ambulatory OR downer OR recumbent OR 

recumbency OR Immobile OR “Unable to stand” OR “Unwilling to stand” OR paralysis 

OR paralyzed 

2 Cow* OR Bovine OR Cattle OR “Bos Taurus” OR Bovinae OR Heifer* 

3 
"down cow" OR "down cattle" OR "down bovine" or "down animal" or "down heifer" or 

"parturient paresis"  

4 (1 AND 2) OR 3  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

53 

 

Table 2.2: Number of publications per decade investigating prevention and treatment of non-

ambulatory dairy cattle, as well as the frequency of those specifically investigating vitamin D as 

a prevention, vitamin D as a treatment, calcium as a prevention, calcium as a treatment, and a 

negative dietary cation anion difference (DCAD) as a prevention.   

 Vitamin D 

Prevention 

Vitamin D 

Treatment 

Ca 

Prevention 

Ca 

Treatment 

DCAD 

Prevention 

Total 

Prevention 

Total 

Treatment 

1940s 1 0 0 0 0 3 0 

1950s 1 0 2 1 0 6 1 

1960s 1 0 0 2 0 4 2 

1970s 9 1 3 4 0 22 4 

1980s 11 0 4 2 3 23 2 

1990s 2 1 4 4 7 15 4 

2000s 0 0 4 9 4 17 9 

2010s 2 1 8 4 8 24 6 

Total 27 3 25 26 22 114 28 
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Table 2.3: Frequency of exposures measured in the observational literature in which the outcome 

of interest was a non-ambulatory conditions in dairy cattle (n = 196), sub-divided by those where 

the outcome was becoming non-ambulatory (n = 165), and those where only non-ambulatory 

dairy cattle were enrolled and the outcome was recovery from a non-ambulatory disorder (n 

=31). 

 

Exposure Becoming Non-ambulatory Recovery Total 

Blood [Ca] 73 9 82 

Blood [Pi] 53 9 62 

Blood [Mg] 42 6 48 

Parity 35 3 38 

Miscellaneous blood compounds 21 7 28 

Breed 22 1 23 

Blood [sugar] 19 4 23 

[Other blood minerals] 18 5 23 

Blood cells and clotting factors 16 4 20 

Year and season of calving 19 0 19 

Blood [enzyme] 13 6 19 

Blood [Lipid compounds] 17 2 19 

Blood [energy metabolites] 14 5 19 

Milk yield 19 0 19 

Age 14 4 18 

Metabolic disease 13 4 17 

Non-metabolic disease 13 2 15 

Urinalysis 13 2 15 

Feeding 14 0 14 

Heritability  14 0 14 

Blood [vitamin D] 13 1 14 

Ca regulation hormones 12 1 13 

Weight or BCS 9 4 13 

Blood enzyme activity 7 5 12 

Miscellaneous blood properties 10 2 12 

Housing factors 10 1 11 

MF prevention measures 9 2 11 

Non-Ca-regulating hormones 11 0 11 

Management practices 8 2 10 

Herd size 9 0 9 

Duration of recumbency 1 7 8 

Miscellaneous herd level factors 6 1 7 

Non-blood/urine [mineral]  6 1 7 

Time relative to calving 5 2 7 
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Miscellaneous activity/regulation 6 0 6 

Calf factors 5 0 5 

Dry period length  5 0 5 

Fertility 5 0 5 

Rumen parameters 3 2 5 

Region 3 1 4 

Cardiovascular parameters 2 2 4 

Milk or colostrum composition 4 0 4 

Transport variables 4 0 4 

Position when attended 1 3 4 

Rectal temperature  2 1 3 

Rainfall 2 0 2 

Pasture length 1 0 1 
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Figure 2.1: A Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 

flow chart describing the literature search, screening process, and distribution of study type of 

the results of this scoping review, which intended to characterize the analytical literature 

investigating non-ambulatory conditions in dairy cattle (Tricco et al., 2018). 
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Figure 2.2: Distribution of the frequency of analytical studies involving non-ambulatory dairy 

cattle included in the present scoping review (n = 379) that were published each decade between 

1930 and 2020. 

 

 

 

 

 

 

 

 

 

*2010s included 3 articles published in 2020 
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Figure 2.3: Distribution of countries in which analytical studies involving non-ambulatory dairy 

cattle took place, among publications in the present scoping review that reported this information 

(n = 247). 
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Figure 2.4: distribution of the reported sample size among the studies included in the present 

scoping review that reported this information (n=367) 
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3. Chapter 3: Factors Associated with How Canadian Dairy 

Producers Respond to a Downer Cow Scenario  

 

Submitted for Publication 

3.1 Abstract 

Understanding how downer cows are managed allows for the evaluation of strengths and 

weaknesses in these practices, which is an important step toward improving the care these 

animals receive. The objective of this cross-sectional study was to analyze factors associated 

with the care and management of downer cows by Canadian dairy producers. Data were obtained 

from the 2015 National Dairy Study, and analysis was limited to the 371 respondents completing 

the downer cow scenario. The scenario described a downer cow that the producer wanted to keep 

in their herd but must be moved and was followed by questions addressing the cow’s care and 

management. Using multivariable logistic regression models, associations between respondent 

demographics and farm characteristics, and the presence of downer cow protocols, decisions 

regarding euthanasia, and use of behavioral prognostic indicators were assessed. Written downer 

cow protocols were reported by 18.2% of respondents, 67% indicated that they had a non-written 

protocol, and 14.8% reported that they did not have a protocol (either written or non-written). 

Respondents from western provinces were more likely to have a written protocol than those from 

Ontario. Nineteen percent of the respondents with a written or unwritten protocol reported 

veterinary involvement in developing their downer cow protocol, which occurred more 

commonly on farms with more frequent herd health visits and a good producer-veterinarian 

relationship. An area to move a downer cow to was present on 88% of farms, with respondents 

who were farm staff being less likely to report having knowledge of a designated area than 
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respondents who were the farm owner. In addition, nearly half (45%) of respondents reported 

moving downer cows with hip lifters as their most common method. Behavioral prognostic 

indicators chosen by respondents were associated with the respondents’ geographic region, age, 

farm size and education. Most notably, older respondents were more likely to use appetite, and 

less likely to use attitude, as a prognostic indicator compared to younger respondents. Using 

perceived pain as a prognostic indicator was more common among respondents from western 

and Atlantic provinces compared to respondents from Ontario, and more common among 

respondents with a college or university education. These results highlight herd and farmer 

demographics that are associated with how Canadian dairy producers managed downer cows in 

2015 and could be used as a benchmark for evaluating how these management practices compare 

to those currently implemented. 

3.2 Introduction 

Downer dairy cattle, defined as cattle that are unable or unwilling to stand for 12 hours or 

more (Smith et al., 1997; Burton et al. 2009), pose a significant challenge to, and financial 

burden on, the dairy industry. Approximately 450,000 downer cattle are reported annually in the 

United States, with 25% of American dairy producers reporting at least one downer cow per year 

(NASS, 2005; NASS 2013). While national statistics regarding downer cattle are not currently 

available in Canada, a similar trend is likely, as a similar herd-level prevalence of milk fever, a 

metabolic cause of recumbency, has been reported among Canadian and American dairy herds 

(Raizman et al., 2007; Gohary et al., 2014). Downer cows pose a significant welfare concern as 

the reason for recumbency, and prolonged recumbency itself can be painful (Cox and Onapito, 

1986), and inappropriate handling of downer cows can result in further injury (Cox and 
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Farmsworth, 1998). There are also economic concerns associated with downer dairy cattle which 

include the cost of veterinary care (Fikadu et al., 2016), decreased milk production (Bar and 

Ezra, 2005), and reduced productive lifespan following recovery (Khan et al., 2015).  

Causes of recumbency in dairy cattle include metabolic imbalances, such as severe 

hypomagnaesemia and hypocalcmia (Allen and Davies, 1981), and non-metabolic causes of 

recumbency including traumatic injuries, such as fractures (Yadav et al., 2019) and neuropathy 

resulting from dystocia (Poulton et al., 2019), infectious disease (Braun et al., 2005), and 

ingestion of toxic substances (Bradley, 1993). Regardless of the proximate cause of recumbency, 

secondary muscular damage decreases the chance of full recovery (Poulton et al., 2016a). 

Secondary muscular damage through ischaemic necrosis of muscle tissue and pressure damage 

of nerves can occur as the result of a recumbent animal’s limbs being crushed under the weight 

of their own body over an extended period with little or no muscle contraction (Cox et al., 1982). 

Poulton et al. (2016b) found that high quality nursing care, including periodic rolling and lifting 

of downer cows, decreased the rate of secondary muscular damage and improved the chances of 

recovery by allowing perfusion of oxygen deprived tissue. Euthanasia, however, may be the most 

appropriate treatment in some cases, depending on the cause and duration of recumbency, 

location of the animal, and other factors. 

Management of downer cows requires time-sensitive and complex decision making by the 

producer, including how and where to move her, how to diagnose and treat the proximate cause 

of recumbency, and considerations with regards to nursing care and when euthanasia is 

appropriate. This decision-making process can be facilitated through a written protocol specific 

to the producer’s farm that details how to respond to downer cows in a variety of situations. As 
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of 2019, producers participating in the proAction initiative are required to have a protocol 

outlining management of downer dairy cattle (DFC, 2020). Prior to implementation of this 

requirement, there were only broad guidelines which varied province to province, perhaps 

leading to large discrepancies in the assessment and treatment of very similar cases (Doonan et 

al., 2003).    

Quantifying aspects of how Canadian dairy producers manage downer cows could allow 

tracking of trends in downer cow management over time. Furthermore, analysis of factors that 

contribute to variability in downer cow management could help to identify demographics that 

should be the focus of future knowledge translation and transfer (KTT) efforts regarding downer 

cows. Hence, the objective of this study was to examine associations between respondent 

demographics and farm characteristics, and aspects of downer cow management, providing a 

baseline for future comparison of these practices.  

3.3 Materials and Methods 

This study used the reporting guidelines in Strengthening the Reporting of Observational 

Studies in Epidemiology-Veterinary (STROBE-vet) (O’Connor et al., 2016). The data analysis 

plan for this study was developed a priori and is archived in the University of Guelph data 

repository (https://doi.org/10.5683/SP2/4I5XT3). 

3.3.1 Survey Design 

This study used data from the Canadian National Dairy Study, which was conducted in 

2015 involving collaboration between the Universities of Calgary, Guelph, Montréal and Prince 

Edward Island. Survey content was developed using a priority assessment of Canadian dairy 
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industry stakeholders (Bauman et al., 2016), which was further revised by an advisory committee 

consisting of producers, government representatives and veterinarians (Bauman et al., 2018). 

Approval was obtained from the research ethics board of each collaborating university 

(University of Calgary, REB#14-2481, University of Guelph, REB#14DC025, Université de 

Montréal, REB#15-007-CERES-D and University of Prince Edward Island, REB#6006095).  

The survey consisted of two phases, a broad comprehensive questionnaire (phase I) and a 

more focused on-farm questionnaire (phase 2). In phase I, all Canadian dairy producers licensed 

to produce milk by the 10 provincial milk marketing boards were invited to participate in the 

survey via a letter of invitation sent by the researchers to the producer’s address, which was 

obtained through the marketing board. The questionnaire was offered in both French and English 

and was available to be completed between March 1st and April 30th of 2015 through multiple 

formats including online using the Qualtrics platform (Qualtrics, Provo, UT), as a mailed hard 

copy, or as an interview over the phone. Questionnaires completed on paper or through telephone 

interviews were entered manually into the Qualtrics software. Phase I consisted of 189 questions 

covering topics such as respondent and herd demographics, biosecurity, disease prevalence and 

animal welfare.  

In phase II, a stratified random sample of 855 phase I respondents were invited to 

participate in an on-farm survey conducted in person. The sampling was stratified to reflect the 

relative proportion of producers in each of the included regions, and consisted of 149 question 

covering biosecurity, demographics, antimicrobial use, calf health, perceived role of their 

veterinarian and a downer cow scenario. A required sample size of 368 for phase II was 

calculated based on an allowable error of 5%, 95% confidence, and expected herd-level 
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prevalence of 40% for common endemic diseases (Olde Riekerink et al., 2008). A more detailed 

description of the development and administration of the National Dairy Study survey is 

described by Bauman et al. (2018), and the phase I and phase II surveys are available online at 

http://www.nationaldairystudy.ca/s/NDS-Survey-English.pdf.  

3.3.2 Downer Cow Scenario 

Included in the on-farm phase II survey was a downer cow scenario. The downer cow 

scenario was developed by SLC based on experience, consultation with producers and dairy 

veterinary practitioners, and pretesting with dairy producers. The scenario was administered on-

farm by students who were formally trained by SLC. Prior to being presented the scenario, 

respondents were asked if they had a protocol for managing downer cows and whether a 

veterinarian helped them develop this protocol. Following these questions, a scenario was 

presented wherein a recumbent milking cow was found that could not be treated in her current 

location, but that the producer wanted to keep in their herd. Respondents were then asked about 

the location they would move the downer cow to, euthanasia decisions if the cow didn’t improve, 

and prognostic indicators they would use to make these euthanasia decisions. Three questions 

(location you would move a down cow, bedding in this location, and method to move her) were 

responded to in a narrative format, during which the student administering the survey referenced 

a pre-specified list of response options, recording all that were mentioned in the producer’s 

response, or indicating ‘other’ if the producer’s response was not on the list. The downer cow 

scenario can be found in the on-farm survey at https://www.nationaldairystudy.ca/the-study. 

3.3.3 Statistical Analysis  
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Prior to analysis, data were imported into Microsoft Excel (Microsoft, Redmond, WA) for 

cleaning. The unit of interest for all analyses was the individual respondent. All outcome 

variables of interest were survey questions from the downer cow scenario. Responses from the 

behavioral prognostic indicator question were modelled separately as 5 binary outcomes (yes/no 

to: failure to improve, eating, depressed attitude, drinking and pain). Independent variables 

offered in the modelling process included 5 questions from the comprehensive phase I survey 

(geographic region, education, age, housing of milking cows, and whether the respondent 

described their role as owner, manager or farm worker), and 5 questions from the on-farm phase 

II survey (predominate breed on farm, frequency of veterinary visits, description of their 

relationship with their veterinarian as poor, fair, good, very good, excellent or could not be 

better, number of milking cows, and whether they record disease events for all individual 

animals, only adult animals, tallies of disease events, or do not record disease events).  

  All analyses was conducted using Stata/IC 16.1 (StataCorp, College Station, TX). Prior to 

model building, independent variables were screened based on descriptive statistics and 

unconditional association with the outcome. Binary variables that had categories with response 

rates of < 5% were excluded from analysis. In the case of categorical variables with 3 or more 

categories, categories with a response rate of < 5% were collapsed into broader groups. Pairwise 

correlations were examined between all independent variables, and those with a correlation 

coefficient of 0.8 or above were considered collinear, resulting in exclusion of the collinear 

variable with more missing responses. Linearity of the relationship between a continuous 

predictor and an outcome was initially assessed using a lowess smoother. When a non-linear 

relationship was identified, the variable was either modelled as quadratic if the quadratic term 

was significant in univariable analysis (P ≤ 0.05) or was categorized based on quartiles.  
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Variables were screened in univariate analysis using a liberal P-value (≤ 0.2). Predictor 

variables with univariate associations with an outcome were offered to a multivariable model 

through a manual backward stepwise process. A change of 25% or more in the coefficient of a 

variable upon removal was considered evidence of confounding; in which case the potential 

confounder was retained in the model. Pre-specified interaction terms (identified at the causal 

model stage) were tested prior to removing variables and once the final model was derived. 

When the backwards elimination process resulted in only one remaining variable, univariable 

models with significant coefficients (P ≤ 0.05) were presented rather than a multivariable model. 

Logistic model fit was tested using Pearson (binomial data), Hosmer-Lemeshow (binary data) or 

multinomial goodness of fit tests. For linear regression models, the assumption of normality of 

residuals was tested using a normal-quantile plot and a Shapiro-Wilk’s test, and 

homoscedasticity of residuals was verified visually through a plot of standardized residuals, as 

well as with a Cook-Weisberg test. Outliers were identified through plotting standardized 

residuals, leverage, delta-beta, Cook’s distance and DFITS; for multinomial logistic regression, 

these diagnostics were performed for each pairwise combination of outcome levels.  

3.4 Results 

3.4.1 Response Rate 

Of the 11,664 active dairy producers identified by the 10 provincial marketing boards in 

February of 2015, 1,062 completed the first phase of the questionnaire. Of the producers who 

replied to the letter indicating they did not wish to participate, commonly reported reasons for 

non-response included lack of time or interest and health issues. A total of 855 participants from 

the first phase of the survey agreed to participate in the on-farm phase (81%), of which 374 were 
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selected for on-farm visits. Analysis was limited to the 371 of these 374 respondents who 

completed the downer cow scenario. The response rate for the question asking the number of 

milking cows on the producer’s farm was 367, with a mean response of 92.1 cows (S.D. 89.9 

cows). A list of the response rate and descriptive statistics for the 18 categorical variables 

involved in the modelling process is archived in the University of Guelph repository 

(https://doi.org/10.5683/SP2/4I5XT3). 

3.4.2 Respondent Demographics 

Of the respondents used in the current analysis, the majority were from Ontario (35.9%) 

and Québec (32.9%), while 16.2% were from Atlantic provinces (New Brunswick, 

Newfoundland and Labrador, Nova Scotia and Prince Edward Island), and 15.1% were from 

western provinces (British Columbia, Alberta, Saskatchewan and Manitoba). The age 

distribution of respondents was diverse, with 15.9% being < 30 years of age, 27.5% between 30 

and 39 years of age, 22.3% between 40 and 49 years of age, 28.0% between 50 and 59 years of 

age, and 6.3% over 60 years of age. When asked the highest level of education the respondents 

had achieved, 11.0% reported elementary school, 42.2% reported high school, 32.5% reported 

college, and 14.3% reported university or above. In the Canadian education system, the term 

‘college’ designates a diploma-granting institution geared toward providing career skills, while 

the term ‘university’ designates a degree-granting institution which is more academic and 

professionally focussed. With respect to herd demographics, 94.6% of respondents reported that 

their milking herd was primarily Holsteins, with 5.5% primarily using other breeds. In addition, 

most housed their cows in free-stalls (51.7%), followed by 45.6% in tie-stalls and 2.8% in pack 
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housing, which is an alternative housing system in which cattle are housed together in a shared 

area with loose bedding such as sawdust that composts over time (House, 2015).  

3.4.3 Downer Cow Protocols 

When asked about their downer cow protocol, 18.2% of respondents indicated that they 

had a written protocol for how to manage downer cows, 67% reported that their protocol was 

non-written, and 14.8% indicated that they did not have a protocol for responding to downer 

cows (written or non-written). A multivariable model was built to evaluate factors associated 

with having a written protocol compared to having a non-written protocol or no protocol.  In the 

final multivariable logistic model, having a written protocol was associated with geographic 

region and role on farm (n = 353). Due to low response rate in the manager and farm worker 

categories of the role variable, these two groups were combined into one category labelled 

‘manager or farm worker’. Respondents in a manager or farm worker role were more likely to 

report that they had a written protocol for responding to downer cows compared to farm owners 

(OR: 2.1; 95% CI: 1.02, 4.5; P = 0.044). Compared to respondents from Ontario, respondents 

from Atlantic (OR: 2.8; 95% CI: 1.2, 6.6; P = 0.015) and western (OR: 5.3; 95% CI: 2.4, 11.7; P 

< 0.001) provinces were more likely to report that they had a written protocol.   

A total of 20.7% respondents reported veterinary involvement in the development of their 

downer cow protocol. The final model examining associations with the outcome ‘involvement of 

the veterinarian in the development of a downer cow protocol’ is described in Table 1.  

Compared to respondents from Ontario, respondents from Québec were less likely to receive 

assistance from a veterinarian, and respondents from the Atlantic provinces were more likely to 
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receive help. Frequent veterinary visits and a positive producer-veterinarian relationship was 

associated with receiving help from a veterinarian in developing a downer cow protocol.  

When asked whether they had a designated area to move a downer cow, 88.1% of 

respondents indicated that they did have such an area. Respondent role, region, and number of 

milking cows had a significant association with whether a respondent had a designated area to 

move a downer cow in the final multivariable logistic model (n = 298) (Table 2). Manager and 

farm worker were collapsed into one category due to low response rate. Respondents who 

described their role as manager or farm worker were less likely to report that they had a location 

to move a downer cow compared to farm owners. Respondents from Québec were less likely to 

report that they had a designated area to move a downer cow compared to respondents from 

Ontario. Level of education was not significant in this model but was retained as it confounded 

the relationship with geographic region. Number of milking cows had a non-linear relationship 

with probability of having a designated area to move a downer cow and was offered to the 

multivariable model with its quadratic term, which was significant in the final logistic model. 

The probability of a producer having a designated area to move a downer cow increased sharply 

between farms with 7 milking cows and those with 107 milking cows, only rising incrementally 

as number of milking cows increased beyond 107. The relationship between farm size and 

probability of a respondent having a designated area to move a downer cow is shown in Figure 1.  

The most commonly reported method for moving downer cows was hip lifters (161 

responses; 45% of respondents), followed by ‘move as gently as possible while avoiding 

dragging’ (140 responses; 39.1% of respondents) and bucket lifters (125 responses; 34.5% of 

respondents). The most common locations a respondent would keep a downer cow were calving 
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pens (192 responses; 53.2% of respondents), pasture (170 responses; 47.1% of respondents), and 

box stalls (110 responses; 30.5% of respondents). When asked what bedding was used in the 

location a downer cow was kept, the most common answer was straw (224 responses; 62.4% of 

respondents) with the next most common responses being ‘same as sick cow area’ (64 responses; 

17.8% of respondents). Details regarding sick pen bedding were reported in a separate question 

in the phase 1 survey, of which the most common answer was straw (306 responses; 72.5% of 

respondents). 

3.4.4 Euthanasia  

Asking a veterinarian to decide whether a down cow that is not improving should be 

euthanized was reported as likely by 38.1% of respondents, neutral by 25.4%, and unlikely by 

36.5%. Number of milking cows, producer-veterinarian relationship and frequency of 

veterinarian visits had a significant association with the likelihood of a respondent asking a 

veterinarian to make the decision to euthanize a downer cow that isn’t improving in the final 

multinomial logistic model (Table 3). Respondents with a higher number of milking cows were 

less likely to ask a veterinarian to make the decision to euthanize a downer cow, while 

respondents whose veterinarian visited frequently and who had a positive relationship with their 

veterinarian were more likely to ask a veterinarian to make the decision.  

The duration between finding a downer cow and deciding to euthanize if not improving 

ranged from half a day to 3 weeks, with a mean of 4.5 d (SD: 2.8 d). No explanatory variables 

were significant when modelled using multivariable linear regression for this outcome. However, 

farm size and housing type were significant in univariable analyses. Farms with 62 to 105 

milking cows ( = -1.07; 95% CI -1.9, -0.2; P = 0.012) and 106 to 802 milking cows ( = -0.9; 
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95% CI: -1.7, -0.05; P = 0.038) reported waiting approximately 1 d less to euthanize than 

respondents from farms with 7 to 41 milking cows. Furthermore, respondents with a tie-stall barn 

reported waiting almost 1 day longer to decide to euthanize a downer cow that is not improving 

compared to those with free-stall housing ( = 0.9; 95% CI: 0.3, 1.5; P < 0.01).  

3.4.5 Prognostic Indicators 

Behavioral prognostic indicators considered by respondents when deciding whether to 

euthanize a downer cow included whether the cow fails to improve with time (95%); if the cow 

is eating (90.3%); if the cow exhibits a depressed attitude (62.2%); if the cow is drinking 

(80.9%); and if they consider the cow is experiencing pain (78.2%). No explanatory factors were 

found to have a significant association with whether a respondent uses failure to improve as a 

prognostic indicator for downer cows. Respondent age and farm size had a significant 

association with their likelihood of using the criteria ‘whether a downer cow is eating’ as a 

prognostic indicator in the multivariable logistic model (n = 356). Respondents aged 50 to 59 

years were much more likely to use appetite as a prognostic indicator compared to respondents 

under 30 years (OR: 3.6; 95% CI: 1.1, 11.4; P = 0.03). Furthermore, farms with 42 to 61 milking 

cows were more likely to consider appetite compared to farms with 7 to 41 milking cows (OR: 

3.6; 95% CI: 1.1, 11.7; P = 0.03). Age and region were significantly associated with use of the 

cow’s attitude in the final logistic model (n = 356). Respondents aged 60 and older were less 

likely to use attitude compared to respondents less than 30 years of age (OR: 0.2; 95% CI: 0.07, 

0.6; P < 0.01). Compared to respondents from Ontario, those from Québec (OR: 0.4; 95% CI: 

0.2, 0.95; P = 0.038) and western provinces (OR: 0.3; 95% CI: 0.2, 0.6; P < 0.01) were less 

likely to use attitude as a prognostic indicator. Level of education was not significant in this 
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model but was retained as it confounded the relationship with geographic region. No explanatory 

variables were significant in a multivariable model of the probability of a respondent using 

whether the downer cow is drinking as a prognostic indicator; however, region and housing 

system were significant in univariable analysis. Specifically, respondents from Québec were less 

likely to use drinking as a prognostic indicator compared to respondents from Ontario (OR: 0.5; 

95% CI: 0.3, 0.9; P = 0.028), and respondents who use tie-stalls were less likely to use drinking 

as a prognostic indicator than respondents who use free-stalls (OR: 0.6; 95% CI: 0.3, 0.95; P = 

0.032). Region and level of education were significantly associated with consideration of 

perceived pain as a prognostic indicator in the final logistic model (n = 356). Compared to 

respondents from Ontario, respondents from western (OR: 3.0; 95% CI: 1.2, 7.9; P = 0.023) and 

Atlantic (OR: 8.0; 95% CI: 1.8, 35.7; P < 0.01) provinces were more likely to consider perceived 

pain as a prognostic indicator. Compared to respondents with elementary school as their highest 

level of education, those with a college (OR: 2.7; 95% CI: 1.2, 6.02; P = 0.019) and university or 

above (OR: 9.5; 95% CI: 2.5, 36.9; P < 0.01) degree were more likely to use pain as a prognostic 

indicator.  

3.5 Discussion 

3.5.1 Respondent Demographics  

Among the phase II respondents involved in our analysis, 45.6% reported that their 

milking cows were housed in tie-stalls and 51.6% reported that their milking cows were housed 

in free-stalls, which contrasts with the national housing trends across Canada, as the Canadian 

Dairy Information Center (CDIC) reported 73% tie-stall housing and 27% free-stall housing 

among Canadian dairy farmers in 2019 (CDIC, 2019). Age distribution of respondents in our 
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analysis was similar to the age distribution of dairy producers reported by the CDIC in 2016. In 

addition, the proportion of respondents from Ontario and western provinces was similar to the 

proportion of registered producers in these regions reported by the CDIC in 2020. However, 

respondents from Québec were somewhat underrepresented in our analysis (32.8%) compared to 

that reported by the CDIC in 2020 (47.2%), while respondents from Atlantic provinces were 

somewhat overrepresented; potentially limiting the generalizability of these results to the 

Canadian dairy industry as a whole.  

3.5.2 Downer Cow Protocols 

Although use of a formal protocol allows for more accurate and consistent task execution 

and employee training (Barbé et al., 2016), there is variability in the value Canadian dairy 

producers place on the use of formal protocols (Mills et al., 2020). This is consistent with the 

findings in the current study, where few respondents reported that they have a written protocol in 

place detailing how to respond to downer cows. With over two-thirds of respondents indicating 

their protocol is non-written, there is concern that these protocols may be communicated verbally 

from person to person, a practice which has the potential to accumulate and propagate error in a 

phenomenon termed “protocol drift”, which has been observed in verbal training of milking 

procedures (Erskine et al., 2015). Furthermore, although farm staff were more likely to report 

having a written protocol compared to farm owners, they were less likely to report having a 

designated area to move a downer cow; this suggests that extension efforts and veterinary 

consultation regarding protocol development should emphasize the importance of including a 

designated location to move a downer cow. The results of the present study could be used as a 

baseline for investigating how aspects of downer cow management such as usage of protocols 



 

 

75 

 

and prognostic indicators, and euthanasia decisions have changed among different demographics 

of Canadian dairy producers since Dairy Farmers of Canada made having a downer cow SOP a 

requirement in their proAction initiative (DFC, 2020).   

Very few respondents indicated they received help from a veterinarian when developing 

their downer cow protocol. Our results emphasize frequent visits and a positive producer-

veterinarian relationship as important factors in promoting collaboration in protocol development 

and veterinary involvement in the decision to euthanize downer cows. Producer response to 

advice regarding management decisions such as development and use of protocols is variable, 

some feel that it isn’t the place of the veterinarian to provide such advice, while others place high 

value on this advice, seeing it as being informed by the veterinarian’s experience serving several 

dairy farms (Sumner, 2018; Bard, 2019). In an investigation of factors influencing producer 

adherence to veterinary advice, Bard et al. (2019) identified communication, shared 

understanding, and perceived benevolence (aspects potentially indicative of a positive producer-

veterinarian relationship), and predictability (a trait fostered through frequent veterinary visits) as 

important in promoting adherence to advice. As collaboration between producers and 

veterinarians in protocol development is recommended (Turner and Doonan, 2010; Canadian 

Veterinary Medical Association (CVMA), 2018; AABP, 2020), further investigation into factors 

that promote a positive producer-veterinarian relationship is merited. Furthermore, factors that 

protect an existing positive producer-veterinarian relationship warrant further investigation, as 

longer producer-veterinarian relationships have been found to be associated with lower producer 

satisfaction with their veterinarian (Ritter et al., 2019).   
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Methods approved by the American Veterinary Medical Association (AVMA) to move 

downer cows include sleds, mats, carts or mechanized equipment such as a tractor with a bucket 

lift, provided that these methods support the full length and weight of the animal (AVMA, 2021). 

However, the most commonly reported method of moving a downer cow in the current study was 

hip lifters, which is troubling because statements released since 2015 by the AVMA (2021) and 

the OABP (2019) have explicitly stated that producers should not use hip lifters to move downer 

cows. This important finding illustrates that best practices may not be followed by all producers, 

and there is substantial need for additional education and behaviour change.  

3.5.3 Euthanasia 

Respondents who described their relationship with their veterinarian as positive and had 

more frequent veterinary visits were more likely to ask their veterinarian to make the decision to 

euthanize a downer cow that isn’t improving. A major drawback to relying on the herd 

veterinarian to make euthanasia decisions is that when the veterinarian is not readily available, 

euthanasia of these animals can be delayed, posing significant welfare concerns (Wagner et al., 

2020). However, the involvement of a veterinarian in euthanasia decisions is sometimes 

advisable, as the recommended amount of time to wait before euthanizing a downer cow is not 

well established. Andrews (1983) reported that approximately half of downer cows rise by 4 

days of recumbency, and Green et al. (2008) reported that odds of recovery drop precipitously 

after 24 hours. Other studies have reported 8 hours as a non-recovery cut-off following treatment 

(Braun et al., 2007; Braun et al., 2016), whereas cut-offs as long as 7 days have been used when 

awaiting spontaneous recovery (Kume et al., 2004), although significant secondary muscular 

damage has often occurred by this point (Poulton et al., 2016a). A favorable alternative to 
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producers relying on the herd veterinarian to make euthanasia decisions is for the producer to 

collaborate with their veterinarian in development of a euthanasia protocol, which can help 

achieve rapid and consistent euthanasia decisions (Turner and Doonan, 2010).  

In the present study, respondents waited an average of 4.5 days to euthanize a down cow 

that wasn’t improving, with respondents from larger farms tending to wait shorter periods of 

time to euthanize downer cows. This shorter timeframe could reflect better preparedness among 

larger farms, as formal training of employees regarding euthanasia protocols has been found to 

be more common among larger dairy farms (United States Department of Agriculture (USDA), 

2016), and the present study found that larger farms were more likely to have a written protocol 

for managing downer cows than smaller farms. Conversely, this short euthanasia timeframe 

among larger farms could reflect less time available to provide appropriate nursing care to 

downer cows, or lower economic value of a single cow compared to smaller farms. However, 

factors predicting the euthanasia timeline of respondents in our analysis were only significant in 

univariable analysis, and there should be further investigation into what factors inform the length 

of time a respondent will wait to euthanize a downer cow. When attempting to avoid both 

premature euthanasia of cases with a good prognosis and delayed euthanasia of cases with a poor 

prognosis, choosing earlier euthanasia in the face of uncertainty is preferable from a welfare 

standpoint, as this course of action has the most potential to reduce suffering (Jasani, 2016).  

A Canadian practice that could account for some geographic differences in management 

of downer dairy cattle is on-farm emergency slaughter, an option permitted in Ontario and 

western provinces, where compromised animals such as downer cows that are otherwise fit for 

human consumption are euthanized on farm before being sent to slaughter plants (Koralesky and 
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Fraser, 2019). The implications of the carcass of the downer cow being sent to slaughter 

introduces further variability in the duration producers wait to euthanize a downer cow, as there 

are competing considerations that could shorten or lengthen this timeline (Koralesky and Fraser, 

2018). For example, the economic incentive of using on-farm emergency slaughter to avoid 

carcass disposal costs and garner return on the animal could shorten the duration a producer 

would wait to euthanize a downer cow, while the withdrawal period of analgesics used to 

manage the pain of downer cows could lead to significant delays in euthanasia (Koralesky and 

Fraser, 2019; Walker et al., 2020).  

3.5.4 Prognostic Indicators 

Many of the prognostic indicators found in the literature that most accurately predict the 

likelihood of a downer cow recovering are haematological biomarkers such as serum urea and 

muscle enzymes (Clark et al., 1987), which may not be useful to the average producer as these 

tests require time and equipment that are not available on farm. Some factors that have been used 

to predict recovery from downer cow syndrome in the literature that are more useful to the 

producer include the proximate reason for recumbency (Poulton et al., 2016a) and the quality of 

nursing care the cow has received up to that point (Poulton et al., 2016b).  

This study focussed on behavioral prognostic factors for the recovery of downer cows, 

which are very underrepresented in the literature. The prognostic indicator most used by 

respondents in the current study was failure to improve, which could not be further analyzed due 

to lack of variability. Appetite was a commonly chosen prognostic indicators, and has been 

validated in the literature by Burton (2009) to be a significant predictor of recovery among 

downer cows undergoing floatation therapy, although willingness to eat has not been 
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investigated in other recovery contexts. Many respondents also chose attitude as a prognostic 

indicator, although there were regional differences that warrant further investigation as they are 

likely the result of a complex array of factors such as language, culture, and producer 

demographics. Although not defined explicitly as depressed attitude, similar behavioral 

prognostic indicators such as mental status (alert or lethargic) have been used in the literature to 

predict likelihood of recovery in downer cows (Labonté et al., 2018). Pain experienced by 

downer cows was a commonly chosen prognostic indicator, although the subjective nature of 

pain as a prognostic factor limits its merit in arriving at accurate and uniform prognoses of 

similar cases of downer cows; as factors such as producer demographics and farm characteristics 

influence producer attitudes regarding pain experienced by cattle during painful procedures such 

as disbudding (Wikman et al., 2013).  

3.5.5 Limitations 

It should be noted that the risk of type 1 error in the results of this study are potentially 

inflated by overfitting, as 10 models were investigated, the majority of which were offered 8 

explanatory variables. This overfitting, in addition to the use of likelihood ratio tests following 

univariate screening, could potentially reduce the reliability of the presented P-values (Grogan 

and Elashoff, 2017). Furthermore, there was an important difference in how the downer cow 

scenario was delivered between producers who use tie-stalls and those who use robots; in the tie-

stall scenario, the cow went down while she was being moved, while in the robot scenario, the 

cow was discovered recumbent. This could lead producers from robot operations to assume the 

cow was recumbent for a longer period than those from tie-stall operations, which could lead 

these producers to assume a worse prognosis for these cattle when answering questions regarding 
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euthanasia. Moreover, since the scenario was delivered to producers in person and has ethical 

implications, the response of producers may have been influenced by the knowledge that they 

were being observed (Veloski et al., 2005). Lastly, collapsing of the manager and farm worker 

category of the role variable may reduce the interpretability of this variable, as individuals in 

these two roles carry very different responsibilities and could differ in how they manage down 

cows.  

3.6 Conclusion 

The present study provides a useful benchmark regarding certain aspects of how 

Canadian dairy producers managed downer cows as of 2015, which could be used to compare 

changes in the use of protocols, behavioral prognostic indicators, housing, movement and 

euthanasia of downer cows. We found regional differences in many aspects of how producers 

respond to downer cows, highlighting the importance of dissemination of future downer cow 

research to producers and veterinarians across all Canadian provinces. Improper movement of 

dairy cattle using hip lifters was noted as a problem in the Canadian dairy industry, a topic that 

should be addressed by veterinarians when assisting in the development of downer cow 

protocols. Moreover, we found that few producers had a written protocol to respond to downer 

cows, although most reported they had a non-written protocol; a finding worth re-investigating 

given recent position statements and initiatives regarding management of downer cows. Our 

results emphasize that frequent visits and a positive producer-veterinarian relationship are 

important factors in promoting collaboration in protocol development and veterinary 

involvement in the decision to euthanize downer cows. While we found behavioral prognostic 

indicators are commonly used by producers to inform their decision to euthanize a downer cow, 
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investigation of the usefulness of these factors is limited in the literature and merits further 

investigation. There was wide variability in the amount of time a producer would wait to 

euthanize a downer cow, which could not be accounted for using a multivariable model in the 

current study. Future research should be aimed at validating the accuracy of behavioral 

prognostic indicators in predicting the recovery of downer cows and using these prognostic 

indicators to develop an evidence based decision-making protocol for deciding when euthanasia 

of downer cows is appropriate.  
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Table 3.1: Final multivariable logistic regression model analyzing factors associated with the 

probability of Canadian dairy producers responding that they received help from a veterinarian when 

writing their protocol for communicating and addressing downer cows (n=290). 

  95% CI  

Factor Odds Ratio Lower Upper P-value 

Region (Ontario referent) 

  Québec 

  Western provinces1 

  Atlantic provinces2 

 

0.2 

1.1 

2.5 

 

0.09 

0.4 

1.1 

 

0.6 

2.6 

5.8 

 

<0.01 

0.86 

0.029 

Producer-Veterinarian relationship (Fair referent) 

  Very good 

  Excellent 

  Could not be better 

 

4.0 

2.2 

8.6 

 

0.8 

0.5 

1.6 

 

19.9 

10.8 

46.0 

 

0.089 

0.32 

0.011 

Frequency of veterinary visits (< 1 per month referent) 

  1 per month 

  2-3 per month 

  >3 per month 

 

1.4 

4.1 

3.0 

 

0.5 

1.4 

0.7 

 

4.2 

11.8 

11.7 

 

0.52 

<0.01 

0.12 

Intercept 0.04 0.007 0.2 <0.001 
1British Columbia, Alberta, Saskatchewan, Manitoba 
2Nova Scotia, New Brunswick, Prince Edward Island, Newfoundland and Labrador 
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Table 3.2: Final multivariable logistic regression model analyzing factors associated with the 

probability of Canadian dairy producers reporting that they have a designated area besides her 

normal resting area to move a downer cow to (n=298) 

  95% CI   

Factor Odds Ratio Lower Upper P-value 

Role (owner referent) 

  Manager or farm worker 

 

0.3 

 

0.1 

 

0.8 

 

  0.022 

Region (Ontario referent) 

  Québec 

  Atlantic provinces1 

 

0.1 

0.7 

 

0.03 

0.2 

 

0.3 

2.3 

 

<0.001 

0.55 

Education (Secondary or below referent2) 

  College 

  University and above 

 

0.3 

0.3 

 

0.08 

0.1 

 

1.2 

1.2 

 

  0.097 

0.09 

Number of milking cows 1.1 1.0 1.1 <0.001 

Number of milking cows squared 0.99 0.99 0.99 <0.001 

Intercept 4.7 1.1 19.3   0.031 
1Nova Scotia, New Brunswick, Prince Edward Island, Newfoundland and Labrador  
2A category constructed by pooling responses from the “elementary” and “secondary” 

categories 
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Table 3.3: Final multinomial logistic regression model analyzing factors associated with the 

probability of Canadian dairy producers reporting that they are unlikely, neutral or likely to ask a 

veterinarian to make the decision to euthanize a downer cow that is not improving (n=307). 

  95% CI  

Factor 

Relative 

Risk Ratio Lower Upper P-value 

Neutral     

  Vet-Producer Relationship (Fair or Very good referent) 

    Excellent 

    Could not be better 

 

1.5 

1.6 

 

0.8 

0.6 

 

2.9 

4.3 

 

0.21 

0.35 

  Frequency of veterinary visits (<1 per month referent)  

    1 per month 

    2 or more per month 

 

1.3 

1.3 

 

0.5 

0.5 

 

3.0 

3.0 

 

0.59 

0.57 

  Number of milking cows (7-41 milking cows referent) 

    42-61 milking cows 

    62-105 milking cows 

    106-802 milking cows 

 

0.3 

0.5 

0.5 

 

0.1 

0.2 

0.2 

 

0.8 

1.2 

1.2 

 

0.011 

0.15 

0.11 

  Intercept 0.8 0.4 1.9 0.67 

Likely     

  Vet-Producer Relationship (Fair or Very good referent) 

      Excellent 

      Could not be better 

 

1.4 

3.2 

 

0.8 

1.4 

 

2.6 

7.5 

 

0.26 

<0.01 

  Frequency of veterinary visits (<1 per month referent)  

      1 per month 

      2 or more per month 

 

2.3 

2.6 

 

0.9 

1.1 

 

5.4 

6.3 

 

0.066 

0.03 

  Number of milking cows (7-41 milking cows referent) 

      42-61 milking cows 

      62-105 milking cows 

      106-802 milking cows 

 

0.9 

0.5 

0.3 

 

0.4 

0.2 

0.1 

 

2.0 

1.1 

0.8 

 

0.801 

0.076 

0.01 

  Intercept 0.6 0.2 1.3 0.19 
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Figure 3.1: A margins plot depicting the relationship between the predicted probability (and 95% 

confidence intervals) of a producer having a designated area to move a downer cow and number 

of milking cows, using a multivariable logistic regression involving number of milking cows and 

it’s quadratic term, as well as producer role, region and highest level of education (Table 3.2)
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4. General Conclusions   

4.1 Summary 

Non-ambulatory dairy cattle are a complex problem because there are many potential 

causes, all presenting with similar signs but requiring different treatment measures (Cox and 

Onapito, 1998). This diagnostic challenge is further complicated as treatment options for non-

ambulatory conditions, such as milk fever, become much less effective in treating recumbency 

after the onset of secondary muscular damage (Cox, 1988), which itself leads to the rapid 

deterioration of the cow’s prognosis (Poulton et al., 2016a). This complexity and uncertainty 

regarding appropriate management of non-ambulatory dairy cattle, as well as the physical 

challenge of managing such a large animal experiencing recumbency, has perhaps contributed to 

the welfare concerns associated with the condition, such as transport for slaughter (Doonan et al., 

2003), delayed euthanasia (Voogd, 2008), and inappropriate methods of lifting or moving down 

cows (Cox and Farmsworth, 1998). Efforts that have been implemented to address these welfare 

concerns and uncertainties include Dairy Farmers of Canada incorporating downer cow protocols 

as a mandatory part of their quality assurance program (DFC, 2020), position statements from 

veterinary associations (CVMA, 2018; AVMA, 2021), and Canadian legislation prohibiting the 

transport of non-ambulatory dairy cattle for slaughter (Health of Animals regulations, 2006). The 

overall goal of this thesis was to assist future research and knowledge translation efforts by 

qualitatively synthesizing the analytical literature concerning non-ambulatory dairy cattle and 

exploring associations between demographic factors and management of non-ambulatory dairy 

cattle.  

 The objective of chapter 2 of this thesis was to conduct a scoping review to describe and 

characterize the analytical literature concerning non-ambulatory dairy cattle and identify research 

gaps. A literature search was conducted in 6 databases and 2 conference proceeding archives, 

which returned 7,568 unique articles, of which 379 were included for data extraction. 

Observational studies investigating haematological risk factors for becoming non-ambulatory 

were very common, as were controlled trials investigating vitamin D, calcium, or anionic salts as 

preventative measures for hypocalcaemia, and calcium as a treatment. Conversely, the literature 
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investigating prognostic indicators for the recovery of non-ambulatory dairy cattle, treatments for 

conditions other than hypocalcaemia, and physiotherapeutic treatment for secondary muscle 

damage was limited. Future work should target these areas, specifically investigating the value of 

cow-side prognostic indicators and investigation of physiotherapeutic treatment of secondary 

muscular damage. While some cow-side prognostic indicators have been found to have a 

consistent relationship with recovery, such as longer duration of recumbency being associated 

with non-recovery (Fenwick, 1969a; Clark et al., 1987; Green et al., 2008), there are cow-side 

prognostic indicators that have been investigated infrequently, such as parity, breed and whether 

the cow is in sternal or lateral recumbency. With respect to physiotherapeutic measures, there has 

been substantial investigation of the use of floatation therapy (Van Metre et al., 1996; Burton et 

al., 2009; Dahlberg, 2012; Stojkov et al., 2016); however, since floatation therapy is costly and 

not widely available (OABP, 2019), it could be beneficial for future efforts to build on research 

regarding treatments that are more practical and economical, such as slings (Samantara et al., 

2012), or slings in combination with hot water massage (Raghavendran et al., 2020). 

Furthermore, this review identified inconsistency in the use of non-ambulatory terminology, 

highlighting that formal guidance surrounding usage of these terms could aid in study 

comparability and reproducibility.  

The objective of chapter 3 was to examine data from the 2015 National Dairy Study for 

associations between producer and farm-level demographics, and management of non-

ambulatory dairy cattle. This chapter found regional variability in how producers manage down 

cows, infrequent use of downer cow protocols, and frequent use of behavioral prognostic 

indicators when making decisions surrounding euthanasia of non-ambulatory dairy cattle. 

Furthermore, frequent veterinary visits and a positive producer-veterinarian relationship 

appeared to foster collaboration between producers and veterinarians in protocol development 

and decisions regarding euthanasia of non-ambulatory dairy cattle. As the administration of the 

2015 National Dairy Study predates recent initiatives and position statements regarding non-

ambulatory dairy cattle, a follow-up to this study could be of value in determining the impact of 

these efforts in improving the management of non-ambulatory dairy cattle in the Canadian dairy 

industry.  
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4.2 General Discussion  

The results of chapter 3 indicated that producers value behavioral prognostic indicators 

such as attitude and appetite, perhaps due to these prognostic indicators being rapid, inexpensive, 

and easy to use. Our scoping review, conducted in chapter 2, found very few studies validating 

the accuracy of behavioral prognostic indicators, suggesting that this may represent a gap in the 

literature concerning non-ambulatory dairy cattle. Chapter 3 also highlighted that only 38% of 

respondents indicated that they were likely to ask a veterinarian to make the decision to 

euthanize a down cow that is not improving. However, willingness of a producer to make the 

decision to euthanize a down cow independent of their veterinarian could be beneficial, as there 

may be times when their veterinarian is not able to promptly provide advice (Wagner et al., 

2020). The independence of producers in managing downer cows could be facilitated through the 

development of detailed protocols regarding management of non-ambulatory dairy cattle, and the 

use of behavioral prognostic indicators to arrive at rapid and consistent euthanasia decisions 

(Turner and Doonan, 2010). The promotion of collaboration between producers and veterinarians 

in the development of such protocols is a practice that should be emphasized, as we found that 

only 20.7% of respondents indicated they involved their veterinarian in the development of 

downer cow protocols. An important step in promoting collaboration between producers and 

veterinarians in protocol development may be to develop a positive producer-veterinarian 

relationship, and schedule 2-3 veterinary visits per month, as these two factors were associated 

with collaboration in protocol development in chapter 3. Research regarding the producer-

veterinarian relationship has revealed that producer satisfaction and adherence to veterinary 

advice can be promoted through producer-centered discussion during consultation, and a 

demonstrated understanding of the producer’s perspective (Bard et al., 2019; DeGroot, 2020). 

Conversely, producer satisfaction with their veterinarian has been shown to decrease with the 

duration of their professional relationship (Ritter et al., 2019), suggesting that research regarding 

protecting existing producer-veterinarian relationships would also be a meaningful addition to 

the literature. 

In the multivariable analysis conducted in chapter 3, larger farms were more likely to 

have an area to move a down cow and to use eating as a prognostic indicator, and were less 
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likely to ask a veterinarian to make the decision to euthanize a down cow. In univariable 

analysis, respondents from larger farms were also more likely to have written downer cow 

protocol and waited less time to euthanize a down cow that isn’t improving. The scoping review 

conducted in chapter 2 yielded only one study which investigated the relationship between herd 

size and recovery, which found larger herd size to be associated with a higher risk of non-

recovery (Green et al., 2008). Taken together, this suggests that the relationship between herd 

size and likelihood of recovery in non-ambulatory dairy cattle requires further investigation and 

could potentially be explained by the relationships between herd size and down cow 

management identified in chapter 3. Furthermore, 9 studies found in the scoping review 

investigated the relationship between herd size and the risk of dairy cattle becoming non-

ambulatory. Within this literature, larger herds have been found to be a risk factor for non-

ambulatory conditions (Green et al., 2008), while others have found larger herd size to be 

protective (Beggs et al, 2015), or unrelated to non-ambulatory conditions (Beggs et al., 2019). A 

potential explanation for the unclear relationship between herd size and non-ambulatory 

conditions in the literature is that the underlying differences that accompany differences in herd 

size, such as housing (Simensen et al., 2010) and management (USDA, 2016), may be the source 

of the observed relationship rather than herd size itself. Although the association between 

housing and non-ambulatory conditions in dairy cattle has been identified by multiple studies 

(Waage, 1985; Bendixen et al., 1987; Schnier et al., 2002), only 32% of studies in the chapter 2 

scoping review reported the housing system of the cattle involved in the study (n = 120/379). 

Therefore, in future investigation of the association between herd size and non-ambulatory 

conditions, specific aspects of management such as housing system should be controlled for in 

the modelling process.  

There were regional differences identified in chapter 3, where the respondents dairy farm 

location was associated with down cow management, including protocol development, 

euthanasia decisions and use of prognostic indicators. The most notable of these interprovincial 

differences in down cow management was between producers from Ontario and Quebec, which 

differed in how they answered 5 of the 10 questions of the down cow scenario analyzed in 

chapter 3. As there were no correct answers to the downer cow scenario per se, this finding 
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doesn’t suggest one region is more prepared to manage down cows than another, but rather that 

there is inter-provincial variability in down cow management. This variability would be best 

addressed through KTT efforts which communicate downer cow management information across 

Canada, while taking into consideration that there are inter-provincial differences in the dairy 

industry, such as average herd size, producer age, and proportional use of different housing 

systems (Agriculture and Agri-Food Canada (AAFC), 2021). By tailoring the message to the 

target audience rather than broadly delivering a KTT campaign across Canada, producers are 

likely to find the suggested management changes more reasonable (Bard et al., 2019). Moreover, 

regional differences in management of down cows within Canada suggests that there are likely 

international differences in down cow management. This international variability in down cow 

management could be valuable in the sense that it provides an opportunity to investigate the 

effectiveness of a wide variety of management practices, although this comes with disparity in 

the quality of care received by these cattle. Only 4 studies in the chapter 2 scoping review 

measured region as an explanatory variable, although several studies in the review involved large 

geographic regions. As region had a significant association with several outcome variables in the 

analysis of the downer cow scenario, this suggests that inclusion of region should be considered 

in future efforts to model non-ambulatory outcomes, especially when the study population covers 

a large geographic area.  

 

4.3 Limitations  

As dairy producers recognize the animal welfare concerns implicit to on-farm euthanasia 

decision-making and management of non-ambulatory dairy cattle (Spooner, 2013; Koralesky and 

Fraser, 2019; Croyle et al., 2019), it is possible that responses to questions on the downer cow 

scenario could have been influenced by social desirability bias. Social desirability has influenced 

the results of questionnaires covering topics with ethical implications in other contexts, such as 

questions regarding academic misconduct and dishonest business practices (Bernardi et al., 2003; 

Bernardi et al., 2004). This could have led to producers choosing some answers based on how 

they feel they should manage down cows rather than how they actually do manage down cows. If 
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this were to have occurred, it could be predicted that responses that are considered more socially 

acceptable would be overreported, with respondents consisting of those answering in truth and 

those answering due to the pressure of social desirability. Conversely, responses considered 

potentially unethical would be underreported in this scenario, and all who chose this option could 

be reasonably assumed to be responding truthfully as there is no social pressure to choose such 

an option. An example of how this could have influenced the results of chapter 3 is that the 45% 

of producers that reported using hip lifters to move non-ambulatory dairy cattle in chapter 3 

could represent a minimum estimation of the number of respondents who engage in this 

behavior, while the true frequency of producers who use hip lifters to move down cows may be 

higher. Additionally, if certain respondent demographics had a higher susceptibility to social 

desirability bias, as has been observed in the literature (Chung and Monroe, 2003), spurious 

associations could have been found between these demographics and management practices with 

ethical implications.   

Furthermore, potential misinterpretation of certain questions in the downer cow scenario 

could have impacted the results of chapter 3. When asked the average timeline between 

discovering a down cow and euthanizing her if she is not improving, the responses ranged from 

half a day to 3 weeks, which suggests that individuals who answered in either of these extremes 

may have had their response recorded in error or misinterpreted the question. One way in which 

this could have occurred would be that the producer intended to indicate the number of hours 

they would wait, but their answer was recorded in the days section (or vice versa). Respondents 

may have also thought that they were being asked the maximum time they would wait to 

euthanize a down cow rather than the average time they would wait. Moreover, the inclusion of 

both ‘perceived pain’ and ‘depressed attitude’ as behavioral prognostic indicators could have led 

to confusion, as pain often manifest as depressed attitude in dairy cattle (Shearer and Reynolds, 

2011). It is possible that some producers indicated that they use depressed attitude as a 

prognostic indicator under the assumption that this option was synonymous with pain behavior. 

Differential misinterpretation of these response options among different respondent 

demographics could have contributed to associations found between using depressed attitude as a 

prognostic indicator, and producer age and region.  
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Lastly, as the National Dairy Study survey was offered in both French and English, it is 

possible that interpretation of some questions, as well as the response options provided, could 

account for differences between how producers from English and French majority speaking 

provinces answered the downer cow scenario. There are several potential mechanisms by which 

a survey written in one language can be non-equivalent to a translated version of that survey, 

such as direct translation of words which have a different connotation among the two languages 

(Herdman et al., 1998), or deriving an equivalent phrase in one language to capture the message 

of an idiom used in another language (Beaton et al., 2000). Investigation of the cross-language 

equivalence of surveys offered to Canadian dairy producers in both English and French has been 

conducted, in which the equivalence in producer interpretation of the two surveys was 

satisfactory, although certain questions were interpreted differently between the French and 

English versions of the survey (Dufour et al., 2010).  

4.4 Future Directions  

Since the administration of the National Dairy Study in 2015, the topic of non-

ambulatory dairy cattle has received more attention in the Canadian dairy industry. Dairy 

Farmers of Canada now require producers to have a formal downer cow protocol as part of their 

proAction initiative (DFC, 2020), and a position statement regarding handling of down cows 

have been provided by the Canadian Veterinary Medical Association (CVMA, 2018). If a 

follow-up survey were to be administered where the downer cow scenario was made available to 

the same population as the National Dairy Study, it would be possible to use these results to 

compare down cow management over time. This could include two additional extensions to the 

downer cow scenario. The first is to make the survey questions involving euthanasia timeline and 

prognostic indicators available to veterinarians who serve dairy producers, as chapter 3 indicated 

that a notable portion of dairy producers rely on their veterinarian in the development of 

protocols and decisions regarding euthanasia of non-ambulatory dairy cattle. By administering 

the survey to both producers and veterinarians, it could be possible to measure veterinarian-

producer agreement in downer cow management and identify strengths and weaknesses in how 

producers and veterinarians manage down cows. Additionally, the question asking how long a 

producer would wait to euthanize a down cow that isn’t improving could be further broken down 
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into distinct scenarios, such as if the cow has or has not received calcium treatment, if the cow is 

a high milk producer or a low milk producer, and if the cow is older or younger. Each question 

would be followed by the terms “weeks”, “days” and “hours”, each preceded by an underlined 

blank, providing the producer the opportunity to specify the duration they would wait as broadly 

or specifically as they would prefer. The second extension to the follow-up downer cow scenario 

would be to include a section where respondents indicate how they would define various terms 

used to describe non-ambulatory dairy cattle. This could be achieved by having respondents 

match non-ambulatory terms with a list of definitions that are written in simple language without 

jargon. The overall benefit of investigating how producers and veterinarians use terminology to 

describe non-ambulatory cattle is that it could provide an important step towards a unified 

understanding of these terms, and could guide communication of information on this topic to 

producers during veterinary consultations or educational campaigns.  

Chapter 3 revealed management practices and perceptions of Canadian dairy producers 

that could potentially result in non-ambulatory dairy cattle experiencing poor welfare. A notable 

portion of producers indicated they would not use pain as a prognostic indicator to inform their 

decision to euthanize a down cow, although perceived pain should be a primary consideration in 

euthanasia decisions (AVMA, 2013). Furthermore, hip lifters were the most commonly reported 

method to move a down cow, a practice that is discouraged by the American Veterinary Medical 

Association (2021) and the Ontario Association of Bovine Practitioners (2019), as this can result 

in trauma to hip bones and muscles (Dairy Australia, 2020). Lastly, many respondents reported 

an average waiting period of 7 or more days to euthanize a down cow, which could represent a 

welfare concern as these cows will suffer severe secondary muscular damage unless outstanding 

nursing care is provided (Poulton et al., 2016a; Poulton et al., 2016b). All these welfare concerns 

could be addressed through KTT efforts, which could facilitate communication of key findings 

from past, current and future literature regarding management and welfare of non-ambulatory 

dairy cattle. Central to developing a successful KTT campaign is understanding the needs and 

perspectives of the target audience (Ontario Ministry of Agriculture, Food and Rural Affairs 

(OMAFRA), 2021). Receptiveness of producers to suggested management changes is influenced 

by who is delivering the message (Bard et al., 2019). Croyle et al. (2019) identified that 
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Canadian dairy farmers prefer to receive advice concerning animal welfare from an individual 

they have an established relationship with and view as knowledgeable, and prefer that this advice 

is followed by practical steps. This suggests that a producer’s herd veterinarian would be an ideal 

candidate to transfer information regarding future advances in downer cow research to dairy 

farmers. For this reason, a wise approach to a KTT campaign regarding management of non-

ambulatory dairy cattle would be to target knowledge translation efforts toward dairy 

veterinarians, with the intent that these veterinarians would communicate this information to 

their clients. Information could be communicated to veterinarians through conference 

presentations, workshops, or detailed brochures; ensuring that the content covered includes best 

practices for managing downer cows, recent developments in the literature concerning non-

ambulatory dairy cattle, management problems to watch out for and practical solutions, and 

guidance regarding effective ways in which to communicate this information to producers. If 

these events were to be implemented regularly (e.g., annually) and promoted through 

newsletters, emails or social media, the amount of Canadian dairy producers managing non-

ambulatory dairy cattle with evidence-based decisions could be greatly increased.  

Taken together, the variable euthanasia timeline found in the down cow literature and 

among survey respondents suggests that similar cases of down cows are perhaps allotted very 

different amounts of time to recover. This could lead to the premature euthanasia of cows with a 

favorable prognosis or prolonged suffering of down cows with a poor prognosis. This could 

potentially be addressed through improvement of diagnostic criteria for non-ambulatory 

conditions. If diagnostic criteria used to differentiate milk fever from other non-ambulatory 

disorders were improved, this could help reduce the number of cattle euthanized based on the 

criteria of non-response to calcium infusions, that are not recumbent due to hypocalcemia. 

Although cow-side calcium tests have shown low concordance with lab results in the past 

(Spronk et al., 2015), recent advances in this technology indicate that cow-side calcium tests 

could be a cost-effective and reliable means to qualitatively diagnose hypocalcemia on-farm 

(Neves, 2018). Another option to aid producers in arriving at euthanasia decisions is the 

development of an application in which a user inputs data regarding their situation, which the 

application uses to arrive at a suggested course of action, a strategy that has been used to guide 
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producers in the use of pesticides to control aphid infestation (Hallett, 2021). A similar 

application for predicting recovery of a down cow could potentially be developed by using 

available literature to decide on a set of prognostic indicators (e.g., age, duration of recumbency, 

or concurrent medical conditions) and carrying out a large cohort study where these prognostic 

indicators are modelled as risk factors for non-recovery. If a model was derived for each 

combination of the chosen prognostic indicators, the models could be coded into the app, 

allowing the producer to input the information available to them, which the application would 

input as explanatory variables, using the resulting probability of recovery to recommend a 

dichotomous answer of “good prognosis” or “poor prognosis”. Such an application could also be 

developed where the output provided is a number of days the cow should be allotted for recovery 

before euthanasia is carried out. 

4.5 Conclusion 

This thesis aims to contribute to the topic of non-ambulatory dairy cattle through synthesis of 

the analytical literature concerning this topic, and an investigation of the relationship between 

producer and farm demographics and down cow management. Chapter 2 of this thesis revealed 

that the literature concerning prognostic indicators for the recovery of non-ambulatory dairy 

cattle was limited, especially with respect to cow-side testing. There is value in investigating 

behavioral prognostic indicators, as the results of chapter 3 suggest that many Canadian dairy 

producers use these prognostic indicators when deciding whether to euthanize a downer cow. 

Another major finding of chapter 2 was that there is variability in the timeline used to designate 

recovery or non-recovery. This lack of guidance has perhaps contributed to the variability 

observed in chapter 3 regarding the duration of time a producer would wait to euthanize a down 

cow that isn’t improving. Overall, these findings suggest that use of prognostic indicators to 

arrive at an evidence-based euthanasia timeline should be a priority in future research regarding 

non-ambulatory dairy cattle. A KTT plan should be developed that enables future research to be 

communicated to producers through a trusted source such as their veterinarian. This KTT plan 

would rely on the willingness of producers to collaborate with their veterinarian in management 

decisions, which the results of chapter 3 suggest can be fostered through frequent veterinary 

visits and a strong veterinarian-producer relationship. Lastly, if the downer cow scenario were to 
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be administered again, the results of chapter 3 could serve as a point of comparison to evaluate 

how management of downer cows in the Canadian dairy industry has changed since 2015.  
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