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ABSTRACT          
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This thesis was an exploration of current disbudding and dehorning practices for dairy 

calves, and an examination of potential refinements for both technical practices and 

extension efforts.  A systematic review was conducted to synthesize the scientific 

literature with regard to the effects of local anesthesia and/or analgesia on several 

outcomes associated with the pain caused by cautery disbudding.  A cross-sectional 

survey of dairy producers and bovine veterinarians in Ontario, similar to one done 10 

years ago, was conducted to investigate current methods and management factors 

associated with adoption of best practices for pain control.  The efficacy of an online 

training module designed to teach proper cautery disbudding technique, including 

administration of a cornual nerve block, was tested on both veterinary students and dairy 

producers.  Finally, the effect of two local anesthetic protocols on outcomes related to 

pain associated with caustic paste disbudding were studied.   

 

The systematic review and meta-analyses showed evidence for best practices to include 

use of local anesthesia and NSAID.  It also revealed challenges in the combinability of 

behavioural measures between studies, as compared to more standardized outcomes such 

as plasma cortisol.  Heterogeneity present in some analyses, including several pertaining 

to pain behaviour, may reflect many differences between studies, including how 



behavioural measurements were obtained in each study as well as the number of NSAID 

products tested in the literature.  

 

Findings from the 2014 survey showed improvements in the adoption of pain control by 

both veterinarians and dairy producers since 2004, although more work is needed to reach 

full adoption by both populations.  Veterinary involvement on farm was associated with 

use of pain control, but exploration of non-use of NSAID revealed a disconnect between 

veterinarians and dairy producers on the influence of cost. 

 

Both veterinary students and practitioners were surprisingly successful on evaluation 

after training solely via the online module, as compared to a hands-on training group.  

However, small differences in technical skill and confidence were seen.  A combined 

approach appeared to work well with dairy producers.  Online training may be a useful 

resource in addition to hands-on training, or as a stand-alone if hands-on training is not 

available. 

 

Caustic paste was shown to be acutely painful for at least 3 h after application, but this 

was reduced by the use of a lidocaine cornual nerve block in addition to meloxicam.  A 

novel concoction of caustic paste containing local anesthetic agents was not effective.  

We recommend use of a cornual nerve block in addition of an NSAID for caustic paste 

disbudding.  
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 one pill makes you larger, and one pill makes you small, 
       and the ones that mother gives you don't do anything at all 

       go ask Alice, when she's ten feet tall 
       and if you go chasing rabbits and you know you're going to fall 
       tell them a hookah-smoking caterpillar has given you the call 

         and call Alice, when she was just small 
       when men on the chessboard get up and tell you where to go 

       and you've just had some kind of mushroom, and your mind is moving low 
       go ask Alice, I think she'll know 

       when logic and proportion have fallen sloppy dead, 
       and the White Knight is talking backwards, 

       and the Red Queen's off with her head, 
       remember what the dormouse said 

       feed your head, feed your head 
 

                                                        Grace Slick. White Rabbit. (1966)  
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CHAPTER 1: 

DISBUDDING AND DEHORNING DAIRY CALVES: A REVIEW OF 

INDUSTRY PRACTICES AND STAKEHOLDER ATTITUDES  
 

The goal of this review is to summarize the literature regarding the impact of disbudding 

and dehorning practices performed on dairy calves, including identifying the prevalence 

of such practices on dairy farms (including use of any medications to control pain), the 

impact of such practices on calf well-being (including different disbudding and pain 

control methods), and the view of industry stakeholders on such practices.  Industry 

stakeholders encompass all those with interests or concerns in the dairy industry, 

including producers, industry organizations, service providers, consumers, and the public 

at large. 

 

Industry practices  

 

Historically, dairy cattle of all breeds have been born with horn buds, which later develop 

into horns which attach to the skull at approximately 2 to 3 months of age (CVMA, 2010; 

AVMA, 2014).   Disbudding is a process which entails the removal or destruction of the 

horn bud before attachment to the base of the skull, while dehorning is the removal of the 

horn after this time.  Disbudding and dehorning are commonly performed on dairy farms, 

as hornless cattle are less likely to cause injury, both to stockpeople and other animals 

(Stock et al., 2013).   

 

Naturally hornless sires. Polled genetics are available for all major dairy breeds, 

however this has been a fairly recent commercial introduction and number of sires 

available is still small.  While use of polled sires is reported to be rising (Dorshorst, 

2014), less than 0.5 % of animals registered with Holstein Canada in 2014 were polled 

(Holstein Canada, 2015).  In a survey of EU member states in 2009, 0.9 % of dairy farms 

reported having any polled cattle (Cozzi et al., 2015).  Some countries may have more 

widespread adoption of polled genetics though, as 19 % of Finnish dairy producers 

reported having some polled cattle in 2010 (Hokkanen et al., 2015).  Although polled 
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animals eliminate the need for disbudding or dehorning, even with expanded use of these 

genetics, it is expected to take several decades to reach 50 % frequency of births in the 

United States (Dorshorst, 2014).   

 

On-farm practices. Ninety-four percent of dairy producers surveyed by the United States 

National Animal Health Monitoring Program (NAHMS) report disbudding or dehorning 

calves (Adams et al., 2015).  In surveys of disbudding or dehorning practices by 

Canadian dairy producers, neither reported respondents who did not disbud or dehorn 

their cattle (Misch et al., 2007; Vasseur et al., 2010).  Horned dairy cattle may be more 

common in Europe, with 20 % of dairy producers in an EU survey reported not 

disbudding or dehorning cattle (Cozzi et al., 2015).  In Finland, only 38 % of producers 

report routinely disbudding all calves, while 28 % did not disbud any calves (Hokkanen 

et al., 2015).  Typically, these procedures are performed either by stockpeople on farm, or 

by a veterinarian or registered veterinary technician during routine herd visits.   

 

Methods and pain mitigation.  Disbudding and dehorning can be done by one of three 

methods: surgical amputation, cautery (thermal burn), or caustic paste (chemical burn).  

Typically, surgical amputation is performed to remove the horn after three months of age, 

while cautery and caustic paste are used for disbudding.  Currently, cautery is the most 

commonly reported method, with 80 % reporting use of these methods in a survey in the 

EU (Cozzi et al., 2015), and a similar proportion in North America (Misch et al., 2007; 

Fulwider et al., 2008; Vasseur et al., 2010).  Caustic paste accounts for much of the 

remainder, with surgical amputation being far less commonly reported (Misch et al., 

2007; Fulwider et al., 2008; Vasseur et al., 2010; Cozzi et al., 2015).  The majority of 

producers report disbudding by 8 weeks of age, although some regional differences exist 

(Misch et al., 2007; Fulwider et al., 2008; Gottardo et al., 2011; Stanĕk et al., 2014; 

Hokkanen et al., 2015). 

 

Surgical amputation. Surgical amputation of the horn without anesthesia or analgesia 

causes an immediate rise in cortisol, peaking after 30 minutes and falling below baseline 

in 5 to 8 h (Stafford and Mellor, 2011; Stock et al., 2013), indicative of an acute stress 
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response.  Behaviour such as ear flicking, head shaking, and tail flicking occurs for a 

similar period (Stafford and Mellor, 2011).   Grazing, rumination, and grooming 

behaviour are decreased over this time (Stafford and Mellor, 2005), suggesting that pain 

disrupts normal behavioural patterns, and also may alter feed intake.  

 

The use of a local anesthetic prevents the initial cortisol response for the duration of the 

anesthesia (2 to 4 h, depending on the agent), but a protracted increase in cortisol occurs 

afterward (Petrie et al., 1996; McMeekan et al., 1998; Sylvester et al., 1998).  As a result 

of this delayed response, the integrated cortisol response (area under the curve) for 7 to 9 

h after dehorning is not significantly different from calves that do not receive anesthetic 

(Petrie et al., 1996; McMeekan et al., 1998).  The delayed response is postulated to be 

due to inflammatory pain, as the initial rise in cortisol in calves not receiving local 

anesthesia may result in an anti-inflammatory effect (Stafford and Mellor, 2005).  The 

addition of ketoprofen, a nonsteroidal anti-inflammatory drug (NSAID), to a local 

anesthetic protocol for dehorning eliminates this delayed increase in cortisol (McMeekan 

et al., 1998). 

 

Similar to cortisol, initial pain behaviours in response to dehorning are eliminated by the 

use of local anesthetic, and normal behaviours such as rumination are unchanged 

(Sylvester et al., 2004).  However, also similar to cortisol, pain behaviours increase and 

rumination decreases after the local anesthetic wears off, and these do not return to 

baseline levels until 6 h after dehorning (Sylvester et al., 2004).  The use of ketoprofen 

with a local anesthetic has been shown to eliminate this protracted behavioural response 

over a similar time (McMeekan et al., 1999). 

 

Cautery. Without analgesia, cautery disbudding causes an immediate cortisol response 

which peaks at 30 minutes and returns to baseline in 2 h (Stewart et al., 2009).   Calves 

immediately struggle against the application of the dehorning iron, and require adequate 

restraint (Stafford and Mellor, 2011).  Stimulation of the sympathetic nervous system, as 

determined by changes in heart rate variability and retinal temperature, are seen in calves 

up to 3 h after dehorning, and indicate acute stress (Stewart et al., 2009).  Behavioural 
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indicators of pain (such as head shaking, ear flicking, kicking and tail flicks) are present 

to 4 h (Grøndahl-Nielsen et al., 1999), however some studies have shown these 

behaviours up to 24 h (Faulkner and Weary, 2000) and 44 h after disbudding (Heinrich et 

al., 2010).  As with surgical amputation, calves experience reduced rumination when 

dehorned without analgesia (Stafford and Mellor, 2011).   

 

When local anesthesia is used, the initial cortisol rise is delayed for the duration of the 

nerve block, but a delayed response occurs when no other analgesics are given (Sylvester 

et al., 1998; Grøndahl-Nielsen, 1999).   Local anesthesia prevented struggling behaviour 

at the time of cautery and for the duration of effect of the anesthetic, however these 

behaviours increased 2 to 3 h after disbudding (Grøndahl-Nielsen et al., 1999; Graf et al., 

1999). 

 

The use of sedation (xylazine, an α-adrenergic agonist) has been shown to reduce the 

response to initial handling for cautery (Grøndahl-Nielsen et al., 1999).  However, the use 

of sham-dehorned groups in numerous studies has shown that handling and manipulation 

of the horn buds does not cause significant distress in calves (Faulkner and Weary, 2000; 

Stilwell et al., 2007; Stilwell et al., 2009).  When xylazine was used alone, behavioural 

indicators of pain were only slightly reduced (Grøndahl-Nielsen et al., 1999) or not at all 

(Stilwell et al., 2010), even during the time (1 h) the calves were sedated.  Less physically 

demanding behavioural signs (e.g. ear flick instead of head shake) were more common 

during the period of sedation (Stilwell et al., 2010).  Cortisol has been shown to be an 

unreliable indicator of stress in xylazine-sedated calves, as the drug may cause increased 

cortisol by reducing tissue oxygenation, or as a result of sedated calves being conscious 

but physically unable to avoid restraint (Stilwell et al., 2010).  Negative judgment bias 

(being more likely to view an ambiguous signal as negative) has been shown at 6 hours 

and 22 hours after cautery disbudding in calves given local anesthetic and xylazine, as 

compared to calves not dehorned (Neave et al., 2013).   This measure of affective state 

may be helpful in evaluating pain after dehorning. 
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A single dose of ketoprofen at the time of local anesthetic administration decreased pain 

related behaviours for 6 h, and calves tended to consume 0.25 kg more starter on the day 

of disbudding (Duffield et al., 2010).  The administration of two oral doses of ketoprofen 

(2 h pre- and 7 h post-disbudding) reduced pain related behaviours to 24 hours (Faulkner 

and Weary, 2000).  However, another study found no effect on behaviour or feed 

consumption up to 8 h after disbudding, although treated calves had lower cortisol values 

(Milligan et al., 2004).  This discrepancy could be due to age of the calf, as those used in 

the Milligan trial were younger ( < 2 weeks of age) compared to those used in the other 

two studies (4 to 8 weeks of age). 

 

When given in addition to local anesthetic, calves receiving meloxicam at the time of 

dehorning show less wound sensitivity to 4 h, and less pain related behaviours to 44 h, 

when compared to calves receiving local anesthetic alone (Heinrich et al., 2010).   

Stimulation of the sympathetic nervous system, measured by heart rate variability and 

retinal temperature, is reduced in calves receiving meloxicam in addition to a local 

anesthetic (Stewart et al., 2009).   Although meloxicam given alone does not reduce the 

acute stress of dehorning, it was shown to improve weight gain in the 15 days after 

disbudding (+ 0.1 kg / day) as compared to calves given neither anesthesia nor analgesia 

(Bates et al., 2015). 

 

Cautery disbudding has been directly compared with surgical amputation, and based on a 

reduced integrated cortisol response (Petrie et al., 1996) and reduced duration of pain-

related behaviours (Stilwell et al., 2007), it was shown to be a less painful procedure.   

 

Caustic paste. Less published literature exists for the use of caustic paste as compared to 

cautery or surgical amputation.  More research is required in order to establish best 

practices for analgesia for caustic paste disbudding (Stewart et al., 2011; Stock et al., 

2013).   

 

The application of caustic paste without analgesia causes a cortisol peak at 1 h, returning 

to baseline levels by 3 h (Stilwell et al., 2007).   The use of local anesthetic has given 
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conflicting results.  Morisse et al. (1995) and Stilwell et al. (2009) showed reductions in 

cortisol and pain behaviours, respectively, when local anesthetic was used.  Vickers et al. 

(2005) showed that calves receiving local anesthetic in addition to xylazine had a 

tendency to express more pain-related behaviours than calves given xylazine alone.  One 

explanation for this discrepancy in results between the two studies is that Vickers’ 

anesthetic protocol included a ring block (5 to 8 injections per horn bud (Fierheller et al., 

2012)), whereas the previous two studies used a cornual nerve block, performed some 

distance from the horn bud.  It was noted by Vickers that this may have resulted in the 

very alkaline paste neutralizing the acidic anesthetic in the tissue, neutralizing the effect 

of the lidocaine block (Vickers et al., 2005).  While the authors used a cornual nerve 

block as well, the volume of lidocaine administered was very low compared to other 

trials (1.5 mL vs. 4 to 5 mL).  Inert lying has been described in calves receiving caustic 

paste, but not in control animals or those subjected to other disbudding methods (Stilwell, 

et al., 2007; 2009).  This behaviour has not been reported in other studies, and if it was 

present, may have confounded other indicators of negative affective state as calves 

performing inert lying may not show ear flicks, head shakes, or other active indicators of 

pain (Stilwell et al., 2007; 2009).  More research is needed to evaluate which indicators 

are most appropriate to measure in caustic paste studies.   

 

The administration of flunixin meglumine alone was not effective in dampening the 

cortisol or behavioural responses to caustic paste dehorning (Stilwell et al., 2008), but did 

reduce both when given in combination with a local anesthetic (Stilwell et al., 2009).  

Tramadol, a non-addictive opiate, was found to be ineffective at decreasing disbudding 

pain-related behaviour when given alone (Braz et al., 2012). 

 

Stakeholder attitudes 

 

Industry stakeholders have identified painful procedures such as disbudding and 

dehorning as key welfare issues for dairy cattle (Ventura et al., 2015).  The vast majority 

of stakeholders believe that pain relief should be provided for the disbudding and 
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dehorning of dairy calves (Robbins et al., 2015).  In addition, consumers often emphasize 

freedom from pain as important (Spooner et al., 2014). 

 

Expense has been cited as a barrier to producers’ adoption of pain control (Gottardo et 

al., 2011; Hokkanen et al., 2015), although the cost of pain control may vary 

considerably.  For example, some countries only allow local anesthetics to be 

administered by a veterinarian.  While gender of the farmer was not found to be 

associated with adoption of pain control in a Canadian survey (Misch et al., 2007), 

women in a Finnish study rated the painfulness of procedures or experiences in cattle 

higher, and had a more willing attitude towards medicating calves than their male 

counterparts (Wikman et al., 2013).  Surveys of veterinarians have found both gender 

(female) and age (younger) to be associated with increased perception of the painfulness 

of procedures and experiences in cattle (Huxley and Whay, 2006; Lavan et al., 2009; Fajt 

et al., 2011), which was in turn was associated with increased use of analgesics (Huxley 

and Whay, 2006; Hewson et al., 2007; Lavan et al., 2009; Fajt et al. 2011).   In a 

Canadian survey, veterinarians who believed farmers were willing to pay for analgesics 

were more likely to use them, and also rated pain perception of specific conditions higher 

than veterinarians who believed owners were unwilling to pay (Hewson et al., 2007).   

 

Industry requirements, or a lack thereof, may also inform both veterinary and producer 

attitudes towards pain control for disbudding or dehorning.  In many countries, 

recommendations for pain control relate to calf age, with pain control only required after 

a specific age (European Commission, 1988; New Zealand National Animal Welfare 

Advisory Committee, 2005).  Age cut-points may suggest that young animals do not 

benefit from pain control for disbudding, which, to the author’s knowledge, has not been 

demonstrated in any peer-reviewed literature. While some industry guidelines specifically 

recommend the use of anesthetics and analgesics for disbudding or dehorning (Canadian 

National Farm Animal Care Council, 2009), others leave recommendations regarding 

pain control to the attending veterinarian (United States’ National Milk Producers 

Federation, 2016).  In Canada, all licensed dairy producers will be required to provide 

pain control for disbudding or dehorning as part of compliance with the Animal Care 
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component of the Dairy Farmers of Canada’s proAction initiative beginning in 

September, 2017 (Dairy Farmers of Canada, 2015). 

 

Veterinary medical associations have recommended the use of both local anesthesia and 

analgesia for disbudding (CVMA, 2010; AVMA, 2014).  The reported use of local 

anesthetics by veterinarians for disbudding may vary regionally, with almost all 

respondents reporting use in at least three-quarters of disbudding (the largest category 

given) in a survey of UK cattle practitioners (Huxley and Whay, 2006), 92 % of bovine 

veterinarians reporting use of local anesthesia on 83 % of calves in an Ontario survey 

(Misch et al., 2007), but only 56 % reporting use in a survey of members of the American 

Association of Bovine Practitioners (Fajt et al., 2011).  Use of an NSAID by veterinarians 

is much lower but also varied, with 27 % reporting use in more than three-quarters of 

disbudding in the UK survey (Huxley and Whay, 2006), 2 % in the Ontario survey 

(Misch et al., 2007), and none reported by Fajt et al. (2011) which indicated a value of 

anywhere between 0 to 10 %. 

 

Conclusions 

 

Currently, disbudding is a necessary management practice which likely will continue to 

be done on dairy farms for decades to come, despite the existence of polled genetics.  For 

both the welfare of the calves and the sustainability of the dairy industry as a whole, 

adoption of best practices for pain control is essential. Although ample research exists on 

the effects of local anesthesia and NSAID analgesia for cautery disbudding, surveys 

worldwide show that both veterinarians and dairy producers falls short in providing best 

practices to calves.  Much of this work has been done only once in a specific region, and 

therefore progress over time is challenging to measure. A lack of peer reviewed literature 

on appropriate pain mitigation for caustic paste disbudding requires further research, 

especially as discrepancy exists in current research regarding the potential benefit of local 

anesthesia.  Improved exploration of human and management factors associated with 

adoption or non-adoption of pain control, as well as further knowledge synthesis and 
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dissemination of current research, would benefit all associated with the dairy industry, 

not least the calves themselves.  

 

The objectives of this thesis are to 1) Perform a systematic review and meta-analysis on 

the effects of local anesthesia and/or analgesia (with an NSAID) on pain associated with 

cautery disbudding; 2) Survey dairy producers and veterinarians in the province of 

Ontario to determine current practices for the disbudding and dehorning of dairy calves 

and contrast these findings with similar surveys done ten years ago; 3) Evaluate the 

efficacy of an online training module to teach proper cautery disbudding technique, 

including administration of a cornual nerve block, to both veterinary students and dairy 

producers; and 4) Evaluate the efficacy of two different local anesthetic protocols on the 

acute pain associated with caustic paste disbudding in dairy calves. 
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CHAPTER 2: 

EFFECTS OF LOCAL ANESTHESIA AND/OR SYSTEMIC 

ANALGESIA ON PAIN ASSOCIATED WITH CAUTERY DISBUDDING 

IN CALVES: SYSTEMATIC REVIEW AND META-ANALYSES 
 

ABSTRACT 

 

Disbudding is a common management procedure performed on dairy farms and when 

done without pain mitigation, is viewed as a key welfare issue in the dairy industry.  Use 

of pain control has increased in recent years, but full adoption of anesthesia and analgesia 

by veterinarians or dairy producers has not been achieved.  This may in part be due to the 

lack of a consistent recommendations between studies examining pain control methods 

for disbudding.  The objective of this systematic review was to examine the effects of 

these pain control practices for the most common method of disbudding (cautery) on 

outcomes associated with disbudding pain in calves.   The outcomes used were plasma 

cortisol concentrations, pressure sensitivity of the horn bud area, and validated pain 

behaviours (ear flick, head shake, head rub, foot stamp, and vocalization).  Intervention 

studies describing cautery disbudding in calves twelve weeks of age or younger were 

eligible for inclusion, provided they compared local anesthesia, non-steroidal anti-

inflammatory drug (NSAID), or local anesthesia and NSAID, to one or more of local 

anesthesia, NSAID, or no pain control.  The search strategy used the Agricola, Medline 

(via OvidSP), and Web of Science databases, as well as the Searchable Proceedings of 

Animal Conferences (S-PAC), ProQuest Dissertations and Theses Database, and Open 

Access Theses and Dissertations. Meta-analysis was performed for all outcomes at 

similar time points with more than two studies.  Local anesthetic reduced plasma cortisol 

until 2 h post-disbudding, after which a delayed rise was observed at 4 h post-disbudding.  

Heterogeneity was present in several of the analyses for this comparison.  The addition of 

NSAID to local anesthetic showed reduction in plasma cortisol at 4 h, and a reduction in 

pressure sensitivity and pain behaviours in some analyses between 3 and 6 h post-

disbudding.  Heterogenetiy was present in some analyses, including several using pain 



	 39	

behaviour outcomes.  This may reflect the variation in measurement time periods for 

behavioural measures between studies, as well as differences among NSAID treatments.  

Overall, a protective effect of local anesthetic was seen for the acute pain of cautery 

disbudding, and the delayed rise in cortisol was mitigated by the addition of an NSAID, 

which also reduced other signs of pain including pressure sensitivity and pain behaviours.  

Based on these findings, we recommend use of local anesthetic and an NSAID as best 

practices for pain mitigation for cautery disbudding of calves 12 weeks of age or less.  

The magnitude and duration of the effect of NSAID treatment was not possible to deduce 

from the literature because there was much variation between studies.  We recommend 

consideration of more standardized outcome measurements, especially for pain 

behaviours.  Adherence to reporting guidelines by authors would help ensure better 

quality information is available to end users.  

 

INTRODUCTION 

 

Rationale 

 

Pain control for the disbudding or dehorning of cattle is a key animal welfare issue in the 

dairy industry (Ventura et al., 2015). An editorial in the Journal of Dairy Science noted 

“considerable variation in the recommendations” regarding pain control for these 

practices (Journal of Dairy Science, 2017).  Perhaps accordingly, full compliance has not 

been achieved by producers or veterinarians in North America with regard to the use of 

local anesthetic and a non-steroidal anti-inflammatory drug (NSAID), which is the 

current recommendation of industry and veterinary groups regarding pain control 

(Canadian Veterinary Medical Association, 2010; American Veterinary Medical 

Association, 2015; Dairy Farmers of Canada, 2015).  Although arresting horn growth can 

be done by surgical amputation, cautery, or use of chemical methods, cautery disbudding 

remains the most commonly used method by dairy producers in North America, with 89, 

70, and 77 % reporting use in the United States, Ontario, Canada, and Quebec, Canada, 

respectively (Vasseur et al., 2010; Adams et al., 2015; Winder et al., 2016).  
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Part of the gap between primary research and application in the dairy industry may be 

driven by the lack of a coherent set of recommendations from primary research papers. 

As well, narrative reviews typically do not include evidence-based methods to identify, 

assess, and synthesize results, and as a result, conclusions may suffer from bias.  

Conversely, properly conducted systematic reviews offer a more robust and transparent 

methodology to identify, evaluate, and summarize evidence on a given topic (Sargeant 

and O’Connor, 2014).  Meta-analyses also allow for synthesis of overall effects as well as 

identification and exploration of causes of heterogeneity among studies, possibly 

identifying sources of variability which may be further examined, or used to guide 

inferences of the robustness of the observed effects across different study designs or 

settings (Sargeant and O’Connor, 2014).  

 

Objectives 

 

The objectives of this systematic review were to examine the effects of local anesthesia 

and/or NSAID analgesia on plasma cortisol, pressure sensitivity, and pain behaviours 

following cautery disbudding.  This review should serve as a stronger form of evidence 

for the effects of these practices than narrative reviews.  If enough studies reported on a 

given outcome at a similar time point, meta-analysis was conducted.   This review will 

identify gaps in this body of literature and the degree, or lack, of homogeneity among 

reported interventions and outcomes, which should serve to inform future research 

designs and study reporting.  This manuscript was prepared in accordance with Preferred 

reporting items for systematic reviews and meta-analyses: The PRISMA statement 

(Moher et al., 2010). 

 

MATERIALS AND METHODS 

 

Protocol and registration 

 

A review protocol was created a priori in accordance with PRISMA-P guidelines (Moher 

et al., 2015) and deposited with the University of Guelph Atrium on April 26, 2017 
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(http://hdl.handle.net/10214/10324) and is also available via Systematic Reviews for 

Animals and Food (SYREAF) (http://www.syreaf.org/contact/).  The protocol is included 

in Appendix 2.1. 

  

Eligibility criteria 

 

Primary study design, characteristics, and populations. Primary intervention studies 

available in English, including both randomized and non-randomized clinical trials, were 

eligible for inclusion.  Observational study designs are not eligible.  Studies must have 

involved bovine calves 12 weeks of age or less who were undergoing cautery disbudding 

with no concurrent painful procedures, defined as one or more of castration, branding, or 

any surgical procedure.   

 

Intervention and comparator groups. Eligible studies must have included at least two of 

the following experimental groups: no pain control given, local anesthetic alone, NSAID 

alone, or local anesthetic and NSAID.   

 

Outcome measures. Many outcomes have been used in disbudding studies as indicators 

of pain.  For inclusion in this systematic review, studies must include one of the 

following outcomes, measured at one or more time points:  serum cortisol, pain 

behaviours (one or more of: ear flick, head shake, head rub, tail swish, foot stamp, and 

vocalization, (Faulkner and Weary, 2000; Heinrich et al., 2010)), or sensitivity of the 

horn bud (e.g. measured by an algometer or von Frey monofilaments) (Heinrich et al., 

2010; Mintline et al., 2013).  These outcomes were chosen based on consideration of 

their use in the literature. 

 

Information sources 

 

Electronic searches were completed using Agricola, Medline (via OvidSP), and Web of 

Science databases, with the controlled vocabulary option used where available.  Grey 

literature was searched to find unpublished data using Searchable Proceedings of Animal 
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Conferences (S-PAC) as well as ProQuest Dissertations and Theses Database and Open 

Access Theses and Dissertations.  The literature search was conducted between April 4 

and 14, 2017, and limited to English language publications.  Search results were uploaded 

to EndNoteX7™ (Clarivate Analytics; Philadelphia, PA, United States) and duplicate 

results documented and removed.  No restriction on publication date was placed aside 

from that of the database (Agricola, 1970; Medline, 1950; Web of Science, 1900; S-PAC, 

1935; ProQuest, 1997; Open Access, 1990).  Ten relevant studies were pre-selected by 

TFD and the search results checked to ensure these studies were included.  A research 

librarian with the University of Guelph was consulted on the search strategy. 

 

Search strategy  

Search terms were: (calf OR calves OR cattle OR bovine OR dairy OR beef OR Holstein 

OR Friesian OR Jersey OR ruminant) AND (disbud* OR dehorn* OR cautery OR 

electric OR rhinehart OR rhinehardt OR iron OR portasol OR express OR buddex OR 

propane OR butane OR torch) AND (freezing OR numbing OR local OR anesthetic OR 

anaesthetic OR lidocaine OR block OR bupivacaine OR lignocaine OR NSAID OR 

metacam OR meloxicam OR flunixin OR banamine OR ketoprofen OR anafen OR non-

steroidal anti-inflammatory OR anti-inflammatory OR analgesia OR pain control OR 

pain mitigation OR meclofenamic acid OR phenylbutasone OR bute OR carprofen OR 

salicylic acid OR ASA OR aspirin OR naproxen OR tolfenamic acid OR metamizaole 

sodium).   

 

Study selection 

 

Studies were exported from EndNoteX7™ into DistillerSR® (Evidence Partners Inc.; 

Ottawa, ON, Canada) for two rounds of screening.  A primary round was conducted 

independently by CLM and CBW, assessing the title and abstract for relevance using the 

following questions: 

 

1.) Does the title or abstract describe a primary intervention study? 

2.) Does the title or abstract describe a study involving calves disbudded by cautery? 
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3.) Does the title or abstract describe one or more of the following intervention 

groups: local anesthetic, NSAID, or local anesthetic and NSAID? 

 

Studies were excluded if both reviewers agreed that the study did not fulfill one or more 

of these criteria.  An ‘unclear’ option was available for all questions, with the study 

proceeding to full text screening if all answers were either ‘yes’ or ‘unclear’.  Conflicts 

between inclusion and exclusion by the two reviewers were resolved by consensus.  

Secondary screening was conducted on the full text of remaining studies by CLM and 

CBW independently, using the initial three questions and the following questions: 

 

4.) Does the study describe one or more of the following comparator groups: local 

anesthetic, NSAID, or no pain control? 

5.) If xylazine (or another sedative) is given, is it given to both intervention and 

comparator group? 

6.) Does the study examine at least one of the following outcomes: plasma cortisol 

concentration, pain behaviours (at least one of: ear flick, head shake, head rub, 

foot stamp, or tail swish), or horn bud sensitivity (including, but not limited to, 

measurements by algometer or von Frey monofilaments) 

 

Studies were excluded if both reviewers said “no” to one of the previous questions; 

conflicts were resolved by consensus.  Study citations and reasons for exclusion at this 

stage of screening were recorded (see Appendix 2.2).  Primary screening (questions 1 to 

3) of title abstracts were pilot tested independently by CLM and CBW on the first 100 

studies identified by the initial search of Medline (via OvidSP).  Full text screening 

(questions 4 to 6) were pilot tested independently by CLM and CBW on four studies pre-

selected by TFD.    

 

Data extraction and data extraction items 
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Data from studies meeting the study selection criteria were independently extracted by 

CLM and CBW using a standardized form, which was pre-tested on four studies pre-

selected by TFD.  Discrepancies in data extraction were resolved by consensus. 

 

Study-level data included year published and study period (date or season). Population 

characteristics consisted of: breed, production type (dairy or beef), housing system, 

commercial or research farm, mean age, sex (male, female, or mixed group), disbudding 

method (including disbudding iron type), and disbudding operator (producer, 

veterinarian, researcher, etc.).  Intervention group (including any sham control group) 

data entailed, for each drug given: drug name, concentration, dose (in mg, mL, or mg/kg), 

technique (e.g. cornual nerve block) or route (e.g. IM, IV, SC), and timing relative to 

disbudding iron application.   

 

Plasma cortisol concentration. Outcomes were extracted as continuous measures with 

the mean for each treatment group and standard deviation. If this was not available, 

measures of association were collected, with standard error or 95 % confidence interval, 

and if a statistical model was used, all additional variables included were recorded.  The 

number of animals in each treatment group was collected, as well as total number of 

sampling time points, the time points relative to disbudding, and if catheterization or 

venipuncture was used to obtain samples.  If available, data were extracted for each 

measurement time point individually.  

 

Pain behaviours. For all individual pain behaviours (ear flick, head shake, head rub, tail 

swish, foot stamp, and vocalization), outcomes were extracted as continuous measures 

with mean and standard deviation values for each treatment group. If this was not 

available, measures of association were collected, with standard error or 95 % confidence 

interval, and if a statistical model was used, all additional variables were included.  If 

data on pain behaviours were recorded for multiple time periods, the data were extracted 

for each time period. If pain behaviours were only available as a sum of several 

behaviours, these data were extracted and the type of behaviours summed was recorded.  

Data at individual time-points were preferred; if only summed data for several time-
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points were available, these were extracted. The number of animals in each treatment 

group was collected, as well as total number of observation periods, the time of the 

observation period relative to disbudding, the length of observation periods, and if 

observation was done live or by video recording.   

 

Horn bud sensitivity. Horn bud sensitivity was defined as a behavioural test where 

pressure is applied to the area around the horn bud, with a reading taken at the time at 

which the calf reacts by either resisting the restraint or moving away from the device.  

This was extracted as a continuous measure with mean and standard deviation values for 

each treatment group.  If this was not available, measures of association were collected 

with standard error or 95 % confidence interval, and if a statistical model was used, all 

additional variables were included.  If data were recorded for multiple time periods, the 

data were extracted for each time period. The number of animals in each treatment group 

was collected, as well as total number of evaluation time points, and the type of 

measurement (e.g. algometry, von Frey monofilaments), and measurement time relative 

to disbudding.  Data from individual time points were preferred, but if only summed data 

from multiple time points were available, these were collected. 

 

Risk of bias in individual studies 

 

Assessment of bias was done independently by CLM and CBW, and was pilot tested by 

CLM and CBW on the same four pre-selected studies chosen by TFD for data extraction 

testing.   Disagreements were resolved by consensus.  Risk of bias was assessed using the 

Cochrane Collaboration’s tool for assessing risk of bias in randomized trials (Higgins et 

al., 2011), modified by also including an assessment of reporting of randomization (in 

addition to random sequence generation).  Risk of bias was assessed for each outcome 

class (plasma cortisol concentration, pain behaviours (as a group), and horn bud 

sensitivity). 

 

Summary measures and synthesis of results 
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If more than two studies reported the same outcome at a similar time point or period with 

the same comparison groups, meta-analysis was conducted.  ‘Similar time points’ 

initially were pre-defined as not more than ten minutes difference during the first seventy 

minutes after disbudding, and within twenty minutes after this time.  For plasma cortisol 

concentration and pressure sensitivity, this definition was kept.  The original definition of 

‘similar time point’ was also kept for pain behaviour measures within the first 60 minutes 

after disbudding.  However, due to the large variability in time points measuring pain 

behaviours between studies, time points at one hour or later from disbudding were 

considered ‘similar’ if measured within 60 minutes for the first three hours, and within 

120 minutes thereafter. ‘Similar time period’ applied to pain behaviour observation 

windows, the larger of which was initially defined as no more than 150 % of the smaller 

window.  Due to the variability of time periods used in studies measuring pain 

behaviours, this was expanded to include all time periods, which ranged from 5 minutes 

to 60 minutes of observation or video recording per period. If more than one outcome 

measure was reported within a similar time period for a single study, the time closest to 

the mid-point of the similar time period was used for meta-analysis.  This ensured that 

observations within a similar time period were independent.  For outcomes that were 

measured on the same continuous scale, mean differences were used.  If different scales 

were used (e.g. ear flicks per 10 minutes and ear flicks per 15 minutes), standardized 

mean differences were used.  All meta-analysis was done in R 3.3.3 (R Foundation for 

Statistical Computing, Vienna, Austria) using RStudio version 1.0.136 (RStudio Inc., 

Boston, MA, United States) with the ‘metafor’ package (Viechtbauer, 2010).  Meta-

analysis used a random effects approach, and weighting of primary studies was done 

using the inverse variance method.  Random effects models were chosen as it was 

assumed there may be study specific deviations and thus studies may not all measure the 

same true effect.  Heterogeneity between studies was assessed with the Q-test and I2 

statistic. Heterogeneity was to be explored via sub-group analysis and/or meta-regression, 

if enough studies were found for a single outcome.  A sub-group analysis was planned for 

those with and without the use of xylazine sedation for each intervention comparator 

group (if there were at least three studies in each group). For treatment group 
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comparisons of outcomes lacking at least two studies, data were reported as a narrative 

synthesis (Table 2.1).   

 

Risk of bias at the review level 

 

If ten or more studies were found for a single outcome, a funnel plot (effect estimate 

versus the inverse of its standard error) was used to visually assess potential for 

publication bias. 

 

RESULTS 

 

Study selection & characteristics 

 

Results of the search strategy and study selection are presented in Figure 2.1. Seventy-

five full text articles were reviewed, with 54 not meeting eligibility criteria and 21 

articles containing 23 separate experiments included in the qualitative synthesis. Details 

of the 21 studies remaining after full text screening are listed in Table 2.1.   

 

Relevant interventions and comparator groups 

 

Of the 21 included studies, 12 were identified which contained an intervention group 

receiving local anesthetic with a comparator of saline or no treatment.  These 

compromised 13 local anesthetic treatment groups.  Fourteen studies included an 

intervention group receiving an NSAID in addition to local anesthetic with a comparator 

of local anesthetic only.  These compromised 22 treatment groups.  One study had a 

treatment group of calves receiving NSAID alone with a comparator group of no 

treatment (Stilwell et al., 2009).  Two studies used xylazine sedation, given to both 

intervention and comparator groups.  One of these studies compared local anesthetic to 

saline (Stilwell et al., 2010); the other compared local anesthetic and ketoprofen to local 

anesthetic alone (Faulkner and Weary, 2000).   
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Data extraction from figures 

 

Data extraction deviated from the a priori protocol for those studies not reporting values 

numerically, but which had data available as a graph with a measure of variation.  These 

values were extracted independently by both CLM and CBW using WebPlotDigitizer 

version 3.12 (Rohatgi, 2017).  Initial differences between values were discussed and 

graphs re-examined to ensure errors had not been made, and further, smaller, 

discrepancies in values were averaged.  Plasma cortisol data from 10 of 15 studies were 

only available graphically, as were data from 5 of 7 studies reporting pain behaviours and 

data from all 4 studies reporting pressure sensitivity. 

 

Synthesis of study results by outcome type 

 

Plasma cortisol concentration. While 18 studies reported measuring plasma cortisol 

concentration, only 15 were included in meta-analyses.  Grøndahl-Nielsen et al. (1999) 

reported only maximum cortisol values.  Stock et al. (2015) reported maximum cortisol 

values, area under the effect curve (AUEC) for 0 to 24, 24 to 96, and 0 to 96 h post-

disbudding, and % change in cortisol from baseline over the same time periods.  Huber et 

al. (2013) did not report any measure of variability.  

 

Sampling was done via jugular venipuncture in 7 studies, jugular catheters in 7 studies, 

and was unreported in one.  Units of measurement were not uniform between studies; 

absolute values (in both nmol/L and ng/mL) were reported as well as change from 

baseline and backtransformed geometric means.  As a result, standardized mean 

differences were used for all plasma cortisol related meta-analyses. 

 

For studies included in the meta-analyses, time points were considered as described 

above, where three or more studies compared the same intervention at a similar time.  For 

the comparison of local anesthetic to saline or no treatment, 7 treatment groups were used 

at 30 min, 8 treatment groups at 1 h, 4 treatment groups at 2 h, 5 treatment groups at 3 h, 

5 treatment groups at 4 h, 4 treatment groups at 6 h, and 4 treatment groups at 24 h post-
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disbudding.  For studies reporting plasma cortisol concentration at 30 min (Figure 2.2.a) 

or 1 h (Figure 2.2.b) post-disbudding, a significant protective effect of local anesthetic 

was seen, but there was heterogeneity among studies.  For studies reporting plasma 

cortisol concentration at 2 h (Figure 2.2.c) or 3 h (Figure 2.2.d) post-disbudding, no 

effect of treatment on cortisol was observed, and no heterogeneity between studies.  At 4 

h post-disbudding (Figure 2.2.e), treatment with local anesthetic resulted in higher 

cortisol concentrations than saline or no treatment, and heterogeneity among studies was 

present.  For studies reporting cortisol at 6 h (Figure 2.2.f) or 24 h (Figure 2.2.g), there 

was no effect of treatment, but heterogeneity was present between studies.     

 

For the comparison of local anesthetic and NSAID to local anesthetic alone, 8 treatment 

groups were used at 30 min, 9 treatment groups were used at 1 h, 6 treatment groups were 

used at 2 h, 3 treatment groups at 3 h, 6 treatment groups at 4 h, and 9 treatment groups at 

6 h, and 7 treatment groups at 24 h post-disbudding.  For studies reporting plasma 

cortisol at 30 min (Figure 2.3.a), 1 h (Figure 2.3.b) 2 h (Figure 2.3.c) or 3 h (Figure 

2.3.d) post-disbudding, no effect of treatment and no heterogeneity was observed.  For 

studies reporting cortisol at 4 h post-disbudding (Figure 2.3.e), a protective effect was 

detected with no heterogeneity between studies.  For studies reporting at 6 h post-

disbudding (Figure 2.3.f), no overall treatment effect and no heterogeneity was seen.  At 

24 h post-disbudding (Figure 2.3.g), plasma cortisol concentration was greater in calves 

that received local anesthesia and NSAID, and there was a tendency for heterogeneity 

between studies. 

 

Pressure sensitivity.  Six studies reported measuring pressure sensitivity, either using a 

pressure algometer (Heinrich et al., 2010; Allen et al., 2013; Stock et al., 2015a; Stock et 

al., 2015b; Stock et al., 2016) or VonFrey monofilaments (Mintline et al., 2013).  Two of 

these studies were not used in the meta-analyses.  Mintline et al. (2013) did not report a 

measure of variability among treatment groups. Stock et al. (2015b) reported percent 

change in algometry score at 24 and 192 h and this could not be combined.  Three studies 

reported absolute values (kgf) while one reported backtransformed geometric means, and 
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therefore standardized mean differences were used in pressure sensitivity related meta-

analyses. 

 

Of the 4 studies included in the meta-analyses, only comparisons between local 

anesthesia with NSAID and local anesthesia alone were examined.  Time points were 

considered as described in the methods, where three or more studies compared the same 

intervention at a similar time.  Three treatment groups were used at 2 h, 6 treatment 

groups at 4 h, 3 treatment groups at 6 h, 5 treatment groups at 8 h, 4 treatment groups at 

12 h, 5 treatment groups at 24 h, and 4 treatment groups at 48 h, 72 h, and 96 h post-

disbudding.  For studies reporting pressure sensitivity at 2 h post-disbudding (Figure 

2.4.a), no effect of treatment was seen, and no heterogeneity was present between studies. 

For studies reporting at 4 h (Figure 2.4.b) or 6 h (Figure 2.4.c) post-disbudding, an 

overall effect was seen, with calves treated with NSAID in addition to local anesthetic 

tolerating more pressure on the areas around their horn bud.  No heterogeneity was seen 

between studies at these two time points.  For all further time points (8 h (Figure 2.4.d), 

12 h (Figure 2.4.e), 24 h (Figure 2.4.f), 48 h (Figure 2.4.g), 72 h (Figure 2.4.h), or 96 h 

(Figure 2.4.i), no effect of treatment was observed, and there was no heterogeneity 

between studies.   

 

Pain behaviour. Eleven studies reported measuring at least one pain-related behaviour 

(ear flick, head shake, head rub, tail swish, foot stamp, or vocalization); 7 of these studies 

were included in the meta-analyses.  Stilwell et al. (2009) reported combined values for 

ear flick, head shake, head rub, and quick transitions from standing to laying, and could 

not be combined with results from other studies. Morisse et al. (1995) reported total 

frequency of behaviours by treatment group for the first 4 h post-disbudding, with no 

measure of variability.  Huber et al. (2013) and Grøndahl-Nielsen et al. (1999) also did 

not report any measures of variability.     

 

Three studies with three treatments (Graf et al., 1999; Stilwell et al., 2010; Stilwell et al., 

2012) compared local anesthesia and saline/no treatment.  Both studies by Stilwell et al. 

(2010; 2012) reported ear flick, head shake, and head rub using live observation over 5 
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min (Stilwell et al., 2010) and 15 min (Stilwell et al., 2012) periods.  Graf et al. (1999) 

reported head shakes using video recording over 60 min periods. Only one time point for 

one pain behaviour, head shakes at 1 h post-disbudding, could be combined in a meta-

analysis (Figure 2.5).  This synthesis showed no overall treatment effect of reduction in 

mean head shakes, without significant heterogeneity between studies.  

 

Five studies with five treatments compared local anesthesia and NSAID to local 

anesthesia alone.  Three used video recording while two employed live observations.  

Recording period length ranged from 15 to 60 minutes.  Three studies reported ear flick, 

head shake, and head rub, one reported ear flick and head shake, and one reported only 

ear flick. As described in the methods, ‘similar time point’ and ‘period’ definitions 

deviated from the original protocol as a large amount of variability was seen in recording 

of behavioural outcomes.  For ear flick, 4 treatment groups were compared at 1 h, 3 

treatment groups at 3 h, 4 treatment groups at 4 h, and 5 treatment groups at 6 h, and 3 

treatment groups at 24 h post-disbudding.  For studies reporting ear flicks at 1 h (Figure 

2.6.a) post-disbudding, no treatment effect was seen, and heterogeneity was detected 

between studies.   For studies reporting ear flicks at 3 h (Figure 2.6.b) or 4 h (Figure 

2.6.c), a protective effect of treatment was seen, with no heterogeneity between studies.  

At 6 h (Figure 2.6.d) or 24 h (Figure 2.6.e), no overall effect of treatment was measured, 

although heterogeneity was present between studies.   

 

For head shake, 3 treatment groups were compared at 1 h, 3 treatment groups at 4 h, and 

4 treatment groups at 6 h, and 3 at 24 h post-disbudding.  For studies reporting head 

shake at 1 h post-disbudding (Figure 2.7.a), no effect of treatment was seen, with no 

heterogeneity present between studies.  For studies reporting at 4 h (Figure 2.7.b) or 6 h 

(Figure 2.7.c) post-disbudding, a protective effect of treatment was found with no 

heterogeneity between studies.  For studies reporting at 24 h post-disbudding (Figure 

2.7.d) no overall treatment effect was seen, although heterogeneity tended to be present 

between studies.   
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For head rub, 3 treatment groups were compared at 6 h post-disbudding (Figure 2.8), and 

no effect of treatment was observed.  No heterogeneity was detected between studies.   

    

Subgroup analysis, meta-regression, and publication bias 

 

Xylazine sedation was identified a priori as a possible subgroup of studies, however, as 

only two studies were included with this treatment, each with a different 

intervention/comparator group, no subgroup analysis was possible.  During data 

extraction the NSAID treatments were recorded for possible subgroup analysis.  

However, there was too much variability to have enough similar treatments for subgroup 

analysis (see Table 2.2).  Six NSAID products were given via 4 routes, in some cases at 

different dosages, and at a range of time points.  As fewer than 10 studies were used in all 

meta-analyses, no meta-regression was attempted, nor were funnel plots used to detect 

possible publication bias. 

 

Assessment of risk of bias across studies 

 

Information important to assess the risk of bias was missing from several of the 21 

studies included after full text screening; all studies did not report information pertaining 

to at least one section of the risk of bias assessment.  While 17 studies reported 

randomization of calves to treatment groups, 12 did not report the method of 

randomization.  Method of allocation concealment was only reported in one study. 

Blinding of outcome assessment was reported for 19 of 35 outcomes.  While data may or 

may not have been combinable based on how they were reported, all studies did report 

some form of outcome data for all outcomes listed in the studies’ materials and methods 

sections. 

 

DISCUSSION 

 

Effect of local anesthetic compared to saline or no treatment 
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The provision of local anesthetic showed a protective effect on plasma cortisol at both 30 

min and 1 h post-disbudding, becoming not different than control at 2 h and 3 h post-

disbudding.  At 4 h, a negative effect was seen, when the control groups had lower 

cortisol values.  By 6 and 24 h post-disbudding, treatment and control were not different.  

These results confirm that the provision of local anesthetic results in a reduction of the 

acute pain response associated with cautery disbudding.  However, after the duration of 

the local anesthetic effect, plasma cortisol rises and becomes significantly higher than 

controls at 4 h post-disbudding.  This has been postulated to be due to inflammatory pain, 

which may be reduced in control calves as their initial cortisol spike may result in a 

dampening of the inflammatory response as compared to calves without this initial rise 

(Stock et al., 2013).    

 

It is important to note the significant heterogeneity among studies at 30 min, 1 h, 4 h, 6 h, 

and 24 h post-disbudding, which indicates inconsistency of effect between studies.  This 

may be due to numerous factors, including random variation as well as contextual and 

methodological variation.  Even with 7 and 8 studies included in the meta-analyses, total 

sample size was only 60 to 70 calves per treatment group; random variation within these 

populations due to the small sample size may account for some of the between-study 

variability.  As well, plasma cortisol could have been influenced by many other factors 

than use of pain control, such as differences in handling methods, time of day of sample 

collection, diameter of disbudding iron and resultant wound size, as well factors 

associated with the pain control itself (percentage of active ingredient, volume used, 

technique used, if epinephrine was included, etc.).  While these would likely be non-

differential within a study, it is possible some of these factors may interact with the effect 

of treatment, resulting in variability between effect magnitude and/or duration between 

studies.  Depending on the nature of the disbudding insult, the delayed rise in cortisol 

may last a different length of time, which may account for some discrepancies in the 4 h 

and 6 h meta-analyses.  To fully explore any of these possible causes of heterogeneity, a 

larger number of studies would be required.  Additionally, although care was taken to 

avoid errors in extracting data from graphs, this may have added to the observed 

heterogeneity between studies based on the resolution of the images available. 
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Effect of local anesthetic and NSAID compared to local anesthetic alone  

 

Overall, beneficial effects were found at 3, 4, and 6 h post-disbudding when NSAID was 

given in addition to local anesthetic.  This likely corresponds to the time after the 

duration of effect of the local anesthetic, and may be due to a reduction in inflammatory 

pain.  While a beneficial effect was seen at various time points for all classes of outcome 

(plasma cortisol concentration, pain behaviour, and pressure sensitivity), these effects did 

not necessarily occur at the same time points for each outcome, and heterogeneity was 

seen in some analyses, including several using pain behaviour outcomes. The studies 

used in these meta-analyses vary between analysis, and therefore differences in time to 

effect by outcome may be a function of the outcome itself as well as study design, 

NSAID used, volume and route given, local anesthetic used, volume and route given, and 

specific characteristics of the different study populations.  Similar to the findings in the 

comparison of local anesthetic to no treatment, sample sizes in most individual studies 

are quite small, which increases the chance for random variation in effect found between 

studies.  A lack of heterogeneity in the analyses pertaining to pressure sensitivity may 

reflect less inherent variability in this outcome compared to others, or it may be in part 

due to the similarity in study design and treatment, as most trials in these analyses were 

done by the same research group.   

 

At 24 h, there was a slight protective effect of no treatment on plasma cortisol, and a 

tendency for heterogeneity between studies.  Other outcomes measures at 24 h did not 

find this effect, and individual studies who report at later time points did not see a 

continuation of this trend (Allen et al., 2013; Stock et al., 2015a; Stock et al., 2016).   It is 

possible there may have been factors other outside of treatment group which contributed 

to this result. 

 

Pain behaviour was the most challenging of the outcomes to synthesize; not only did the 

studies measuring these outcomes potentially differ with regard to study design, specifics 

of treatment groups, and potential complications from extracting data from graphs, but 
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also the duration of observation period differed between studies.   The studies included in 

the pain behaviour meta-analyses were the most varied in this respect, and this may be 

why overall effects were not consistent both within an analysis and between analyses for 

different outcomes at a similar time point.  Overall, it is reasonable to conclude from our 

findings that there is some protective effect of NSAID use on pain behaviour, and that 

this effect is seen after the duration of the effect of the local anesthetic, and mitigates the 

delayed cortisol rise when no NSAID is given.  However, based on the difficulties in 

combining studies in this area, it is not possible to estimate the exact nature of the effect 

nor its duration. 

 

Clinical relevance 

 

The administration of local anesthetic was beneficial for reduction of the acute pain 

associated with cautery disbudding, with the caveat that a delayed rise in plasma cortisol 

occurs after the duration of effect of the local anesthetic.  Administration of an NSAID in 

addition to local anesthetic showed benefits in the hours following the effect of the local 

anesthetic through reduced plasma cortisol, pain behaviours, and increased pressure 

sensitivity.  Therefore, an NSAID and local anesthetic should be recommended over local 

anesthetic alone.  However, the multitude of different NSAID, routes, dosages, and 

treatment intervals used in the studies included in the data synthesis likely contribute to 

much of the heterogenetiy seen, and preclude any overall conclusion on the exact nature 

and duration of the effect, or on which NSAID treatment protocol is best.   

 

Implications for future research 

 

Both pressure sensitivity and pain behaviour may be useful indicators of pain in the hours 

and days following disbudding.  However, more standardization in study design, 

especially for pain behaviour, would allow for a greater ability to synthetize results from 

multiple studies.  Whenever possible, total counts for entire time periods should be used, 

in order to avoid potential bias due to random variation with short sampling intervals.   
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Many of the studies included in this meta-analysis were likely underpowered, and few 

reported an a priori sample size calculation, or even reported which outcome was 

considered primary.  Careful consideration of study design would help to ensure the most 

efficient and effective use of resources and the greatest impact of future work in this area. 

 

For all outcomes, reporting of numerical data in addition to figures should be considered.  

With online publication, supporting documents such as tables of all data collected (for 

example, in the case of outcomes with non-significant results the authors’ do not, at the 

time, consider substantial), could be a requirement of the scientific journal to facilitate 

future data synthesis.  It would behoove authors of primary studies to remember that the 

amount, quality, and combinability of data available from primary studies determines the 

ability to conduct a meta-analysis, and influences the precision of the overall effect 

estimate. 

 

Risk of bias assessment of studies included in this review was impossible as much 

important information was often unreported. Studies which fail to report key design 

features, or those lacking sound methods, may result in biased effect estimates (Sargeant 

et al., 2010).   Scientific journals which do not currently require authors and reviewers to 

follow reporting guidelines should reconsider their stance. For clinical trials in livestock 

species, use of The REFLECT Statement (O’Connor et al., 2010) could help better ensure 

quality information is available to end users.   
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Table 2.1: Characteristics of the 21 studies included in the systematic review after full text screening. Randomization reflects whether 
the authors reported any attempt to randomly assign animals to treatment group.  Method refers to whether the method of 
randomization was reported.  Blinding refers to blinding of outcome assessors.  Figure data refers to whether data were not available 
and required extraction from figures (WebPlotDigitizer version 3.12; Austin, TX).  Y = yes, N = no, NA = not applicable, NR = not 
reported, U = reported but unclear. 
 

Study Experiment Population Relevant 
intervention group(s) 

Randomization / 
method/blinding 

Relevant outcome(s) Data from 
figures 

Allen et 
al. (2013) 

1 Male 
Holstein 
calves 8 to 10 
weeks of age 

Lidocaine HCl 2 % (5 
mL) cornual nerve 
block 15 min pre-
disbudding, 1 mg/kg 
oral meloxicam 12 hr 
pre-disbudding 
 
Lidocaine HCl 2 % (5 
mL) cornual nerve 
block 15 min pre-
disbudding, 1 mg/kg 
oral meloxicam at 
disbudding 

Y/Y/U 
 
 
 
Y/Y/U 
 
 
 
 

Plasma cortisol (5, 30, 60, 
120, 240, 360, 480, and 720 
min post-disbudding) 
 
Pressure sensitivity (60, 120, 
240, 360, 480, 720 min, 1, 2, 
3, 4, 5, 6, 7 d post-
disbudding) 

Y 
 
 
 
Y 
 
 
 
 

Boandl et 
al. (1989) 

1 Female 
Holstein 
calves 7 to 16 
weeks of age 

Lidocaine HCl 2 % (5 
mL) cornual nerve 
block 5 minutes pre-
disbudding 

NR/NR/NR Plasma cortisol (30 min post-
disbudding) 

N 

Doherty et 
al. (2007) 

1 Female 
Holstein-
Friesian 
calves 10 to 
12 weeks of 
age 

Lidocaine 5 % (5 mL) 
cornual nerve block 
and two additional 
sites  
 
 

Y/NR/NR 
 
 
 
 
 

Plasma cortisol (30 min, 1, 
1.5, 2, 2.5, 3, 3.5, 4, 6, 9, 12, 
24, 48, 72 h post-disbudding) 
 
 

Y 
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Study Experiment Population Relevant 
intervention group(s) 

Randomization 
/method/blinding 

Relevant outcome(s) Data from 
figures  

Doherty et 
al. (2007) 

1 Female 
Holstein-
Friesian 
calves 10 to 
12 weeks of 
age 

Lidocaine 2 % (5 mL) 
cornual nerve block 
and two additional 
sites 

Y/NR/NR 
 

Pain behaviour (head rub) 
(scan sampling for 72 h post-
disbudding) 

NA 

Duffield 
et al. 

(2010) 

1 Female 
Holstein 
calves 4 to 8 
weeks of age 

Lidocaine HCl 2 % 
with epinephrine (5 
mL) cornual nerve 
block 10 min pre-
disbudding, 3 mg/kg 
ketoprofen IM 10 min 
pre-disbudding 

Y/NR/Y 
 
 
Y/NR/Y 

Plasma cortisol (3, 6 h post-
disbudding) 
 
Pain behaviour (ear flick, 
head shake, head rub) (20 
min periods at 1, 3, 4, 6, 7 h 
post-disbudding) 

Y 
 
 
Y 

Faulkner 
and 

Weary 
(2000) 

1 Holstein 
calves 4 to 8 
weeks of age 
of both sexes 

Lidocaine HCl 2 % 
(4.5 mL) as a cornual 
nerve block and ring 
block 10 min pre-
disbudding, 3 mg/kg 
ketoprofen 2 h pre-, 2, 
and 7 h post-
disbudding, 0.2 mg/kg 
xylazine 20 min pre-
disbudding  

N/NA/Y Pain behaviour (ear flick, 
head shake, head rub) (20 
min periods at 1, 2, 3, 4, 6, 9, 
12, 24 h post-disbudding) 

Y 

Graf et al. 
(1999) 

1 Pure and 
mixed-bred 
dairy breed 
calves 4 to 6 
weeks of age 
of both sexes 

Lidocaine 2 % (8 mL) 
cornual nerve block 
and one additional site 
20 min pre-disbudding 

NR/NR/Y Pain behaviour (head shake) 
(continuous sampling hourly 
at 1, 2, 3, 4 h post-
disbudding) 

N 
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Study Experiment Population Relevant 

intervention group(s) 
Randomization 
/method/blinding 

Relevant outcome(s) Data from 
figures  

Graf et al. 
(1999) 

2 Pure and 
mixed-bred 
dairy breed 
calves 4 to 6 
weeks of age 
of both sexes 

Lidocaine 2 % (8 mL) 
cornual nerve block 
and one additional site 
20 min pre-disbudding 

NR/NR/NR Plasma cortisol (5, 10, 20, 
40, 60, 90, 120, 150, 180, 
210, 240 min post-
disbudding) 

Y 

Grøndahl-
Nielsen et 
al. (1999) 

1 Friesian 
calves 4 to 6 
weeks of age 
of both sexes 

Lidocaine 2 % cornual 
nerve block 15 min 
pre-disbudding  

Y/NR/NR 
 
 
 
 
Y/NR/NR 

Plasma cortisol (5, 10, 20, 
30, 40, 50, 60, 90, 120, 150, 
180, 210, 240 min post-
disbudding) 
 
Pain behaviour (head shake, 
ear flick) (scan sampling for 
15 min periods over 4 h post-
disbudding) 

NA 
 
 
 
 
NA 

Heinrich 
et al. 

(2009) 

1 Female 
Holstein 
calves 6 to 12 
weeks of age 

Lidocaine HCl 2 % 
with epinephrine (5 
mL) cornual nerve 
block 10 min pre-
disbudding, 0.5 mg/kg 
meloxicam IM 10 in 
pre-disbudding 
 
 
 

Y/NR/NR Plasma cortisol (30 min, 1, 
1.5, 2, 4, 6, 24 h post-
disbudding) 
 
 

Y 

       



	 62	

Study Experiment Population Relevant 
intervention group(s) 

Randomization 
/method/blinding 

Relevant outcome(s) Data from 
figures  

Heinrich 
et al. 

(2010) 

1 Female 
Holstein 
calves mean 
9 (± 1) week 
of age 

Lidocaine HCl 2 % 
with epinephrine (5 
mL) cornual nerve 
block 10 min pre-
disbudding, 0.5 mg/kg 
meloxicam IM 10 min 
pre-disbudding 

Y/NR/Y 
 
 
 
 
 
Y/NR/Y 

Pain behaviour (ear flick, 
head rub, head shake, foot 
stamp) (one hour periods at 
2, 4, 6, 9, 20, 26, 28, 30, 33, 
44 h post-disbudding) 
 
Pressure sensitivity (4 h post-
disbudding) 

Y 
 
 
 
 
 
Y 

Huber et 
al. (2013) 

1 Dairy breed 
calves 5 to 9 
weeks of age 
of both sexes 

Procaine HCl 2 % (10 
mL) cornual nerve 
block 20 min pre-
disbudding, 2.2 mg/kg 
flunixin meglumine 
IV at disbudding 
 
Procaine HCl 2 % (10 
mL) cornual nerve 
block 20 min pre-
disbudding, 2.2 mg/kg 
flunixin meglumine 
IV at disbudding and 
3 h post-disbudding 

Y/Y/Y 
 
 
Y/Y/Y 

Plasma cortisol (30 min, 1, 2, 
4, 6, 8 h post-disbudding) 
 
Pain behaviour (head shake, 
head rub, ear flick, foot 
stamp) (5 minute periods at 
30 min, 1, 2, 4, 6, 8 h post-
disbudding)  

NA 
 
 
NA 

       



	 63	

Study Experiment Population Relevant 
intervention group(s) 

Randomization 
/method/blinding 

Relevant outcome(s) Data from 
figures  

Korkmaz 
et al. 

(2015) 

1 Male 
Holstein-
Friesian 
calves 6 to 8 
weeks of age 

Lidocaine HCl 2 % 
with epinephrine (6 
mL) cornual nerve 
block 20 min pre-
disbudding, 2.0 mg/kg 
dexketoprofen IV 30 
min pre-disbudding  

Y/NR/NR Plasma cortisol (30, 50, 60 
min post-disbudding) 

N 

Milligan 
et al. 

(2004) 

1 Holstein 
calves mean 
7 (± 1) d of 
age of both 
sexes 

Lidocaine HCl 2 % 
with epinephrine (5 
mL) cornual nerve 
block 10 min pre-
disbudding, 3.0 mg/kg 
ketoprofen IM 10 min 
pre-disbudding  

Y/NR/Y 
 
 
Y/NR/Y 

Plasma cortisol (3, 6 h post-
disbudding) 
 
Pain behaviour (ear flick, 
head shake, head rub) (60 
min scan sampling per period 
for 0 to 2 h, 3 to 5 h, 6 to 8 h 
post-disbudding) 

N 
 
 
N 

Mintline 
et al. 

(2013) 

1 Holstein-
Friesian 
calves 4 to 6 
weeks of age 
of both sexes 

Lignocaine HCl 2 % 
(5 mL) cornual nerve 
block and ring block 
10 min pre-disbudding 
 
Lignocaine HCl 2 % 
(5 mL) cornual nerve 
block and ring block 
10 min pre-
disbudding, 0.5 mg/kg 
meloxicam IV 55 min 
pre-disbudding 
 

Y/NR/Y Pressure sensitivity (3, 27, 
51, 75 h post-disbudding) 

NA 
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Study Experiment Population Relevant 
intervention group(s) 

Randomization 
/method/blinding 

Relevant outcome(s) Data from 
figures  

Morisse et 
al. (1995) 

1 Male 
Montbeliarde 
calves 8 
weeks of age 

Lignocaine 2 % (4 
mL) cornual nerve 
block 15 min pre-
disbudding 

NR/NR/NR Pain behaviour (head shake, 
head rub, head scratch, tail 
flap) (sum of 4 h post-
disbudding) 

NA 

2 Male 
Montbeliarde 
calves 8 
weeks of age 

Lignocaine 2 % (4 
mL) cornual nerve 
block 15 min pre-
disbudding 

NR/NR/NR Plasma cortisol (1, 4, 24 h 
post-disbudding) 

Y 

Petrie et 
al. (1996) 

1 Male Friesian 
calves 6 to 8 
weeks of age 

Lignocaine HCl 2 % 
(3 mL) cornual nerve 
block 20 min pre-
disbudding 

Y/NR/NR Plasma cortisol (15, 30, 60, 
90, 120, 150, 180, 210, 240, 
300, 360, 420, 480 min post-
disbudding) 
 

Y 

Stilwell et 
al. (2009) 

Study 7 
experiment 

2 

Female dairy 
calves mean 
75  (± 9) d of 
age 

Lidocaine 2 % (5 mL) 
cornual nerve block 
15 min pre-disbudding 
 
Lidocaine 2 % (5 mL) 
cornual nerve block 
15 min pre-
disbudding, 1.4 mg/kg 
carprofen IV 15 min 
pre-disbudding 
 
1.4 mg/kg carprofen 
IV 15 min pre-
disbudding 
 

Y/NR/NR 
 
 
Y/NR/Y 

Plasma cortisol (10, 30, 50 
min post-disbudding) 
 
Pain behaviour (ear flick, 
head shake, head rub, 
transitions (10, 30, 50 min 
post-disbudding) 
 
 

N 



	 65	

Study Experiment Population Relevant 
intervention group(s) 

Randomization 
/method/blinding 

Relevant outcome(s) Data from 
figures  

Stilwell et 
al. (2010) 

1 Female 
Holstein 
calves mean 
37 (± 4) d of 
age 

Lidocaine 2 % (5 mL) 
cornual nerve block 8 
min pre-disbudding, 
0.2 mg/kg xylazine 
IM 10 min pre-
disbudding  

Y/NR/Y 
 
 
Y/NR/Y 

Plasma cortisol (10, 25, 40, 
60 min post-disbudding) 
 
Pain behaviour (ear flick, 
head shake, head rub) (5 min 
periods at 10, 25, 40, 60 min 
post-disbudding) 

N 
 
 
Y 

       
Stilwell et 
al. (2012) 

1 Female dairy 
breed calves 
mean 88 (± 
17) d of age 

Lidocaine 2 % (5 mL) 
cornual nerve block 
15 min pre-disbudding 
 
Lidocaine 2 % (5 mL) 
cornual nerve block 
15 min pre-
disbudding, 1.4 mg/kg 
carprofen IV 15 min 
pre-disbudding 

Y/NR/NR 
 
 
Y/NR/Y 

Plasma cortisol (1, 3, 6, 24 h 
post-disbudding) 
 
Pain behaviour (head shake, 
head rub, ear flick) (15 min, 
1, 3, 6, 24 h post-disbudding) 

Y 
 
 
Y 

Stock et 
al. 

(2015a) 

1 Holstein 
calves mean 
33 (± 4) d of 
age of both 
sexes 

Lidocaine 2 % (5 mL) 
cornual nerve block 
10 min pre-
disbudding, 0.5 mg/kg 
firocoxib oral 10 min 
pre-disbudding 
 
 
 
 

Y/Y/NR 
 
 
 
Y/Y/NR 

Plasma cortisol (15, 30 min, 
1, 2, 4, 6, 8, 10, 12, 24, 48, 
72, 96 h post-disbudding) 
 
Pressure sensitivity (2, 4, 6, 
8, 24 h post-disbudding) 
 

Y 
 
 
 
Y 
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Study Experiment Population Relevant 
intervention group(s) 

Randomization 
/method/blinding 

Relevant outcome(s) Data from 
figures  

Stock et 
al. 

(2015b) 

Chapter 6 Female 
calves mean 
51 d of age 
(range 41 to 
60) 

Lidocaine 2 % (5 mL) 
cornual nerve block 5 
min pre-disbudding, 
2.0 mg/kg carprofen 
oral 5 min pre-
disbudding 
 
Lidocaine 2 % (5 mL) 
cornual nerve block 5 
min pre-disbudding, 
2.0 mg/kg firocoxib 
oral 5 min pre-
disbudding 
 
Lidocaine 2 % (5 mL) 
cornual nerve block 5 
min pre-disbudding, 
2.3 mg/kg flunixin 
meglumine oral 5 min 
pre-disbudding 
 
Lidocaine 2 % (5 mL) 
cornual nerve block 5 
min pre-disbudding, 
2.0 mg/kg meloxicam 
oral 5 min pre-
disbudding 
 

Y/Y/NR 
 
 
 
Y/Y/NR 

Plasma cortisol (4, 8, 24, 48, 
96, 144, 192 h post-
disbudding) 
 
Pressure sensitivity (4, 8, 24, 
48, 96, 144, 192 h post-
disbudding) 

NA 
 
 
 
NA 
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Study Experiment Population Relevant 
intervention group(s) 

Randomization / 
method/blinding 

Relevant outcome(s) Figure 
data 

Stock et 
al. (2016) 

1 Holstein 
calves mean 
51 (± 5) d of 
age of both 
sexes 

Lidocaine 2 % (5 mL) 
cornual nerve block 
10 min pre-
disbudding, 1.4 mg/kg 
carprofen SC 10 min 
pre-disbudding 
 
Lidocaine 2 % (5 mL) 
cornual nerve block 
10 min pre-
disbudding, 1.4 mg/kg 
carprofen oral 10 min 
pre-disbudding 

Y/Y/NR 
 
 
 
Y/Y/NR 

Plasma cortisol (30, 45 min, 
1, 2, 4, 6, 8, 10, 12, 24, 48, 
72, 96 h post-disbudding) 
 
Pressure sensitivity (4, 8, 12, 
24, 48, 72, 96 h post-
disbudding) 
 

Y 
 
 
 
 
 
Y 
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Table 2.2: Non-steroidal anti-inflammatory drug (NSAID) use among the 17 treatment 
trials which compared local anesthetic and NSAID to local anesthetic alone, which were 
included after full text screening. 
 

NSAID Study Route Dose Time(s) 
Carprofen 

 
Stilwell et al. (2009) IV 1.4 mg/kg 15 min pre-disbud 
Stilwell et al. (2012) IV 1.4 mg/kg 15 min pre-disbud 
Stock et al. (2015b) Oral 2.0 mg/kg 5 min pre-disbud 
Stock et al. (2016) 
Stock et al. (2016) 

SC 1.4 mg/kg 10 min pre-disbud 
Oral 1.4 mg/kg 10 min pre-disbud 

     
Dexketoprofen Korkmaz et al. (2015) IV 3.0 mg/kg 30 min pre-disbud 

     
Firocoxib 

 
Stock et al. (2015a) Oral 0.5 mg/kg 10 min pre-disbud 
Stock et al. (2015b) Oral 2.0 mg/kg 5 min pre-disbud 

     
Flunixin 

meglumine 
 

Huber et al. (2013) 
Huber et al. (2013) 

 

IV 2.2 mg/kg At disbudding 
IV 2.2 mg/kg At disbudding, 3 h 

post-disbud 
Stock et al. (2015b) Oral 2.3 mg/kg 5 min pre-disbud 

     
Ketoprofen 

 
Duffield et al. (2010) IM 3 mg/kg 10 min pre-disbud 

Faulkner and Weary (2000) Oral 3 mg/kg 2 h pre-, 2 & 7 h post- 
Milligan et al. (2004) IM 3 mg/kg 10 min pre-disbud 

     
Meloxicam 

 
Allen et al. (2013) 
Allen et al. (2013) 

Oral 1 mg/kg 12 h pre-disbud 
Oral 1 mg/kg At disbudding 

Heinrich et al. (2009) IM 0.5 mg/kg 10 min pre-disbud 
Heinrich et al. (2010) IM 0.5 mg/kg 10 min pre-disbud 
Mintline et al. (2013) IV 0.5 mg/kg 55 min pre-disbud 

Stock et al. (2015b) Oral 2.0 mg/kg 5 min pre-disbud 
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Figure 2.1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) study flow diagram. 
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Figure 2.2: Forest plots showing the effect of treatment with local anesthetic compared to 
a control group of either saline or no treatment on plasma cortisol.  Each study is listed by 
the first author’s last name and year of publication.  The squares indicate the individual 
study’s effect size as a standardized mean difference between treatment groups.  The 
horizontal line shows the corresponding confidence interval.  The center of the diamond 
depicts the overall effect estimate with the width of the diamond reflecting the confidence 
interval of this estimate. (a) 30 min post-disbudding; (b) 1 h post-disbudding; (c) 2 h 
post-disbudding; (d) 3 h post-disbudding; (e) 4 h post-disbudding; (f) 6 h post-
disbudding; (g) 24 h post-disbudding. 
 
Figure 2.2.a: 

 
Figure 2.2.b: 

 
Figure 2.2.c: 
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Figure 2.2.d: 

 
Figure 2.2.e: 

 
Figure 2.2.f: 

 
Figure 2.2.g: 
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Figure 2.3: Forest plots showing the effect of treatment with local anesthetic and NSAID 
compared to local anesthetic alone on plasma cortisol.  Each study is listed by the first 
author’s last name and year of publication.  The squares indicate the individual study’s 
effect size as a standardized mean difference between treatment groups.  The horizontal 
line shows the corresponding confidence interval.  The center of the diamond depicts the 
overall effect estimate with the width of the diamond reflecting the confidence interval of 
this estimate. (a) 30 min post-disbudding; (b) 1 h post-disbudding; (c) 2 h post-
disbudding; (d) 3 h post-disbudding; (e) 4 h post-disbudding; (f) 6 h post-disbudding; (g) 
24 h post-disbudding. 
 
Figure 2.3.a: 

 
 
Figure 2.3.b: 
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Figure 2.3.c: 

 
 
Figure 2.3.d: 

 
Figure 2.3.e: 

 
 
Figure 2.3.f: 
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Figure 2.3.g: 
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Figure 2.4: Forest plots showing the effect of treatment with local anesthetic and NSAID 
compared to local anesthetic alone on pressure sensitivity of the horn bud area.  Each 
study is listed by the first author’s last name and year of publication.  The squares 
indicate the individual study’s effect size as a standardized mean difference between 
treatment groups.  The horizontal line shows the corresponding confidence interval.  The 
center of the diamond depicts the overall effect estimate with the width of the diamond 
reflecting the confidence interval of this estimate. (a) 2 h post-disbudding; (b) 4 h post-
disbudding; (c) 6 h post-disbudding; (d) 8 h post-disbudding; (e) 12 h post-disbudding; 
(f) 24 h post-disbudding; (g) 48 h post-disbudding; (h) 72 h post-disbudding; (i) 96 h post 
disbudding. 
 
Figure 2.4.a: 

 
Figure 2.4.b: 

 
Figure 2.4.c: 
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Figure 2.4.d: 

 
Figure 2.4.e: 

 
Figure 2.4.f: 

 
Figure 2.4.g: 
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Figure 2.4.h: 

 
Figure 2.4.i: 
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Figure 2.5: Forest plot showing the effect of treatment with local anesthetic compared to 
a control group of either saline or no treatment on head shaking behaviour at 1 h post-
disbudding.  Each study is listed by the first author’s last name and year of publication.  
The squares indicate the individual study’s effect size as a standardized mean difference 
between treatment groups.  The horizontal line shows the corresponding confidence 
interval.  The center of the diamond depicts the overall effect estimate with the width of 
the diamond reflecting the confidence interval of this estimate.  
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Figure 2.6: Forest plots showing the effect of treatment with local anesthetic and NSAID 
compared to local anesthetic alone on ear flicking behaviour.  Each study is listed by the 
first author’s last name and year of publication.  The squares indicate the individual 
study’s effect size as a standardized mean difference between treatment groups.  The 
horizontal line shows the corresponding confidence interval.  The center of the diamond 
depicts the overall effect estimate with the width of the diamond reflecting the confidence 
interval of this estimate. (a) 1 h post-disbudding; (b) 3 h post-disbudding; (c) 4 h post-
disbudding; (d) 6 h post-disbudding; (e) 24 h post-disbudding. 
 
Figure 2.6.a: 

 
Figure 2.6.b: 

 
Figure 2.6.c: 
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Figure 2.6.d: 

 
Figure 2.6.e: 
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Figure 2.7: Forest plots showing the effect of treatment with local anesthetic and NSAID 
compared to local anesthetic alone on head shaking behaviour.  Each study is listed by 
the first author’s last name and year of publication.  The squares indicate the individual 
study’s effect size as a standardized mean difference between treatment groups.  The 
horizontal line shows the corresponding confidence interval.  The center of the diamond 
depicts the overall effect estimate with the width of the diamond reflecting the confidence 
interval of this estimate. (a) 1 h post-disbudding; (b) 4 h post-disbudding; (c) 6 h post-
disbudding; (d) 24 h post-disbudding. 
 
Figure 2.7.a: 

 
Figure 2.7.b: 

 
Figure 2.7.c: 
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Figure 2.7.d: 
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Figure 2.8: Forest plot showing the effect of treatment with local anesthetic and NSAID 
compared to local anesthetic alone on head rubbing behaviour at 6 h post-disbudding.  
Each study is listed by the first author’s last name and year of publication.  The squares 
indicate the individual study’s effect size as a standardized mean difference between 
treatment groups.  The horizontal line shows the corresponding confidence interval.  The 
center of the diamond depicts the overall effect estimate with the width of the diamond 
reflecting the confidence interval of this estimate.  
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PRACTICES FOR THE DISBUDDING AND DEHORNING OF DAIRY 

CALVES BY VETERINARIANS AND DAIRY PRODUCERS IN 

ONTARIO, CANADA 

 

ABSTRACT 

      

Disbudding and dehorning dairy calves is very common, despite introduction of polled 

genetics to most dairy breeds.  Appropriate pain control practices for these procedures 

impact both calf welfare and public perception of the dairy industry.  Previously 

published work has shown that North American dairy producers have not widely adopted 

use of these medications for disbudding or dehorning.  However, since the last published 

work examining these practices in Canada, changes regarding awareness, availability, 

and future requirements for pain control have occurred in the industry. With this in mind, 

online and telephone surveys of both veterinarians (N = 238) and dairy producers (N = 

603) in Ontario, Canada were conducted in the fall of 2014 with a goal of describing 

current disbudding and dehorning practices and examining factors associated with the 

adoption of pain control use.  Approximately three-quarters of dairy producers reported 

performing disbudding or dehorning themselves, while the remainder used a veterinarian 

or technician.  Almost all (97 % ) of the veterinarians surveyed reported using local 

anesthetic, 62 % used sedation, and 48 % used an NSAID.  Producer use of local 

anesthetic was 62 %, 38 % used sedation and 24 % used an NSAID.  Seventy-eight 

percent of veterinarian disbudding or dehorning was done before 8 weeks of age, while 

64 % of dairy producers performed this procedure before 8 weeks of age.   Seventy-two 

percent of veterinarians and 63 % of producers reported changing their disbudding or 

dehorning practices over the past 10 years; of producers that changed their practices, 73 

% cited their herd veterinarian as influential.  The use of pain control described in these 

surveys is higher than previously reported in Ontario.  Identification of factors associated 

with best practices, or the lack of adoption of these practices, may help veterinarians 

target appropriate educational opportunities for their dairy clients.   
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INTRODUCTION 

 

Horned dairy cattle pose risk of injury to humans and other cattle (Stock et al., 2013). 

Dehorning or disbudding dairy calves is very common; 94% of US dairy farms report 

having dehorned animals (USDA, 2009).  Canadian surveys of disbudding and dehorning 

practices do not report any producer respondents leaving horns intact (Misch, et al., 2007; 

Vasseur et al., 2010), and we suspect the vast majority of calves born on Canadian dairy 

farms are either disbudded or dehorned.  However, these procedures are well documented 

to cause significant pain when done without appropriate analgesia (Stafford et al., 2011; 

Stock et al., 2013). Industry stakeholders have identified painful procedures as key 

welfare issues for dairy cattle (Ventura et al., 2015).  Beyond the individual animal, these 

procedures have impact at the industry level, as consumers often emphasize ‘freedom 

from pain’ as important (Spooner et al., 2014), and the vast majority of stakeholders 

believe pain relief should be provided for the disbudding and dehorning of dairy calves 

(Robbins et al., 2015). 

 

Common Disbudding and Dehorning Practices 

 

Dehorning refers to the removal of the horn after attachment of the horn bud to the skull, 

occurring at approximately 2 months of age (CVMA, 2010; AVMA, 2014).  Disbudding 

refers to the removal or destruction of the horn buds prior to this time.    

 

Disbudding and dehorning are generally done by one of three methods: surgical 

amputation of the horn after attachment to the base of the skull; cautery of the horn bud; 

or the application of caustic paste to the horn bud (Stock et al., 2013).  These methods 

cause different types of damage to the tissue, and may result in different experiences of 

pain type, intensity and duration (Petrie et al., 1996; Stilwell et al., 2009; Braz et al., 

2012).  All of these procedures are painful when done without appropriate anesthesia and 

analgesia (Stafford et al., 2011). 
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Local anesthesia, commonly given as a cornual nerve block, prevents acute pain, but 

when given alone, a protracted rise in physiological and behavioural indicators occurs 

after the duration of the block (Sylvester et al., 1998; Grøndahl-Nielsen et al., 1999).  

Addition of a non-steroidal anti-inflammatory drug (NSAID) reduces pain behaviours 

(Duffield et al., 2010), extending up to 44 hours after disbudding when injectable 

meloxicam is used (Heinrich et al., 2010).   The use of sedation (e.g. xylazine, an α-

adrenergic agonist) has been shown to reduce handling stress (Grøndahl-Nielsen et al., 

1999) and may improve safety when dehorning older animals or when handling facilities 

are lacking. 

 

Current Disbudding and Dehorning Practices 

 

In Canada, the majority of dairy calf disbudding and dehorning is performed by dairy 

producers or on-farm staff, while some farms choose to employ their veterinarian or 

veterinary technician for these procedures (Misch et al., 2007; Vasseur et al., 2010).  

Reported pain control use by producers for dehorning in North America ranges from 15 

to 40%, although this generally reflects only use of local anesthetic, as reported NSAID 

use has been very low, if reported at all (Hoe and Ruegg, 2006; Fulweider et al., 2008; 

Vasseur et al., 2010).   Although use of local anesthetic for disbudding and dehorning by 

veterinarians is quite high (Huxley and Whay, 2006; Misch et al., 2007; Fajt et al., 2011), 

reported NSAID adoption rates by veterinarians have been much lower (Huxley and 

Whay, 2006; Misch et al., 2007; Fajt et al., 2011).   

 

Surveys of veterinarians’ disbudding and dehorning practices have been done in Ontario 

in 2004 (Misch et al., 2007), Canada in 2005 (Hewson et al., 2007), as well as the United 

Kingdom in 2004 (Huxley and Whay, 2006) and the United States in 2007 (Fajt et al., 

2011).  North American dairy producers’ practices have been surveyed in regions of the 

United States (Hoe and Ruegg, 2006; Fulwider et al., 2008) and Canada (Misch et al., 

2007; Vasseur et al., 2010).  Practices by European dairy producers have also been 

explored (Gottardo et al. 2011; Stanek et al. 2014; Hokkanen et al., 2015).  As these 

studies utilize different regions of dairy production, it is not easily discerned if practices 



	 84	

have changed over time in any given population.  Since the last published work in 

Canada, a substantial shift has occurred in the industry’s awareness of appropriate 

practices for disbudding and dehorning.  The 2009 Code of Practice for the Care and 

Handling of Dairy Cattle (National Farm Animal Care Council), a voluntary industry 

code distributed to all dairy producers, requires the use of pain control for these 

procedures.  In the same year, Canada saw licensing and marketing of the first non-

steroidal anti-inflammatory drug with a label indication for use following disbudding in 

dairy calves less than three months of age (Metacam 20 mg/mL Solution for Injection; 

Boehringer-Ingleheim, Burlington, Ontario).  Dairy producers are also increasingly aware 

of a new, mandatory Canadian dairy program (proAction), the Animal Care portion of 

which begins rollout in 2017 and will require the use of pain control for dehorning (Dairy 

Farmers of Canada, 2015).   

 

Study Objectives  

 

With these industry changes in mind, our primary objective was to describe current 

disbudding and dehorning practices, including pain control use, by veterinarians and 

dairy producers in Ontario.   The study also examined self-reported changes over time, 

and sought to explore reasons for, attitudes towards, and factors associated with the 

adoption of best practices.  

 

MATERIALS AND METHODS 

 

Two similar surveys, one for Ontario-based bovine veterinarians, and one for licensed 

Ontario dairy producers, were launched in October 2014 and closed in February 2015 

after pre-testing with five veterinarians and five dairy producers. Surveys were hosted 

online (Qualtrics, 2005; Provo, UT) with an option to participate via telephone.  Online 

surveys were compatible for access via computer, tablet, or smartphone.  Survey content 

and recruitment methods were approved by the University of Guelph’s Research Ethics 

Board for the use of human subjects in research.   
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Survey Populations and Survey Delivery 

 

Veterinarians were recruited from the membership of the Ontario Association of Bovine 

Practitioners (OABP) (N = 238) through an email distributed through a listserv and 

postcards distributed at an OABP meeting in November, 2014.   Based on the small total 

number, the entire population was surveyed.  We anticipated dehorning practices to be 

specific to the veterinarian as opposed to the clinic.  Based on this assumption, we 

wanted to reflect total practices occurring in the province, and not over-represent the 

impact of smaller clinics with few veterinarians, or under-represent large clinics with 

numerous bovine-only veterinarians.    

 

From a total of 3, 915 licensed dairy producers with the Dairy Farmers of Ontario (DFO) 

in 2014, a subset (N = 603) were contacted to participated in the survey.  This subset 

reflected 15 % of each of the DFO’s 15 geographic regions, weighted by herd population 

within the region, and rounded up by one producer per region.  Dairy producers were 

invited to participate by two mail-outs, occurring in October 2014 and January 2015.  

 

All invitations to participate contained the survey’s uniform resource locator (URL), as 

well as a Quick Response Code (QR Code) linking with the survey’s website for use with 

a tablet or smartphone, and a phone number to call if the participant wished to complete 

the survey over the phone. 

 

Survey Design 

   

Survey questions on disbudding and dehorning practices and pain control use were 

similar to those asked in a 2004 Ontario survey (Misch et al., 2007), which included 

sections on individual, farm, and clinic demographics.  Both surveys are included in 

Appendices 3.1 and 3.2.  Producers were classified as using a particular disbudding or 

dehorning method if used for > 50% of their calves.  Three percent of producers reported 

a 50:50 split between two methods; these were then defined as being a user of the more 

invasive method; a larger diameter burner was considered more invasive than a small 
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diameter burner, and surgical amputation was considered more invasive than burning 

(Petrie, 1996).  Producers were asked a dichotomous outcome question on use of pain 

control medication for the majority of their disbudding or dehorning, as we expected 

practices to be fairly uniform on individual farms.  In both surveys, participants were 

given a list of reasons they could select as to why they chose to either use or not use local 

anesthetics, sedatives or NSAID for their disbudding or dehorning.  They were able to 

select multiple reasons, all reasons, or none.  An ‘other’ option with an opportunity to 

write a response was given. 

 

Also included were questions to collect data on potential explanatory variables for 

disbudding and dehorning practices, and use of pain control.  Questions on calf 

management and the use of polled genetics were included in the producer survey.  

Questions on knowledge of the Code of Practice for the Care and Handling of Dairy 

Cattle (National Farm Animal Care Council, 2009) and perceptions of pain in cattle were 

included in both surveys.  Perception of pain was evaluated using a 10-point Likert 

scoring system similar to previous work (Huxley and Whay, 2006; Hokkanen et al., 

2015). Both veterinarians and producers were given eight conditions or procedures 

applying to cattle, and asked to rate pain based on a 0 to 10-point ordinal Likert scale.  

Zero was defined as ‘not causing pain’, and 10 defined as ‘the worst imaginable pain’.  It 

was stated that no pain control was given unless specified.  Wording of the procedures 

and conditions was slightly different based on the two audiences. Conditions were: 

dystocia (hard pull with a calving jack), LDA surgical correction (with local anesthetic 

given), severe clinical mastitis (febrile, abnormal milk, ‘sick’ cow), lameness (acute sole 

ulcer), ear tagging (newborn calf), disbudding by caustic paste at two days of age, 

disbudding by propane/butane powered small burner at two weeks of age, and dehorning 

at five months of age using gouging then using cautery to control bleeding.  

 

Statistical Analysis 

 

Telephone responses were entered online on behalf of 18 producers, representing 11 % of 

that survey’s respondents.   Online data were exported into Microsoft Excel and checked 
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for completeness and errors.  Of all survey responses from both groups, none were 

excluded due to missing data, which was defined as respondents that began the first 

survey page but did not view the last survey page.  All responses were therefore included 

in the final analysis.     

 

For the veterinary survey, data at the clinic-level were obtained by taking the mean 

response of all respondents who reported working for a single clinic. Clinic of 

employment was determined through direct reporting and cross-referencing with 2014 

licensure information provided by the College of Veterinarians of Ontario.  Clinic data 

included information on involvement of registered veterinary technicians in disbudding 

or dehorning, as well as approximate number of clients utilizing veterinarians or 

technicians for disbudding or dehorning. 

 

Descriptive statistics were reviewed in STATA13 (StataCorp, 2013. College Station, 

TX).  Differences in median Likert scores between the eight procedures or conditions was 

assessed separately for each population (veterinarians and producers) using Mood’s 

median test (K-sample equality-of-medians test) for non-parametric data.  Differences in 

equality of distribution between the two populations (veterinarians and producers) were 

assessed for each of the eight procedures or conditions using the Kolmogrov-Smirnov test 

(measuring, among other things, differences in range, mean, and variance).  For all tests, 

P < 0.05 was used as the critical value. 

 

Predictors of medication use among producers were examined by logistic regression 

modeling.  Non-steroidal anti-inflammatory drug use was not considered for a predictive 

model as it was less commonly used and data for analysis would have been too sparse.  

Therefore, only models for producer use of local anesthetic and sedation were built.   

Veterinarian data lacked variation for local anesthetic use, and due to the structure of the 

data, reliable, stable models could not be constructed for veterinarian sedation and 

NSAID use. 
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Forty-eight explanatory variables contained > 10% variation and were organized into 

nine categories: individual demographics, farm demographics, veterinary involvement, 

resource use, technology use, calf management, Likert scoring, disbudding practices and 

knowledge of the Code of Practice for the Care and Handling of Dairy Cattle.  Univariate 

logistic regression with either local anesthetic or sedative use as the dependent variable 

was performed for all variables. Variables with a P value of < 0.20 were considered for 

the multivariate model.  If one or more variables per survey section were potentially 

significant (P < 0.20), the variable with the lowest P -value was considered for the 

multivariate models. All variables considered for the multivariate models were checked 

for collinearity using the Spearman rank coefficient.  A pair of variables was considered 

collinear if the correlation was > 0.70.  Final multivariable models were built by forward 

manual step-wise selection, with variables kept if their P value was < 0.05, although herd 

health frequency was kept in the final sedation model (P = 0.071) as it was a significant 

variable in the local anesthetic model, and was considered as a variable of interest.  

Rejected variables were assessed as confounder effects and kept in the model if their 

removal changed the coefficients of the remaining variables by more than 20%.  All 

terms in the final model were tested for interactions, but none were found in either of the 

models.  Models were assessed by Hosmer-Lemeshow goodness-of-fit test.  The 

predictive ability of the models were assessed by generating a receiver operator curve 

(ROC) and by examining sensitivity and specificity at a probability threshold of 50%. 

 

RESULTS 

 

Response Rate 

 

Ninety-three veterinarians (39% response rate) from 51 clinics (63% response rate) 

responded to the survey, with zero telephone responses.  Information regarding the 

number of bovine clinics in the province was obtained through the College of 

Veterinarians of Ontario.  One hundred and sixty-five dairy producers (27%) responded 

to the survey.  Contact information was optional; 3% of veterinarians chose not to 

provide any contact information, while all of the producers surveyed gave at least one 
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piece of contact information.  No duplicate surveys were entered, and none of the 

respondents who began the first question of the survey failed to finish the survey.  

 

Descriptive Statistics 

 

Demographics. Veterinarian respondents had a mean age of 44 (SE = 1.4), and 90% had 

attained their DVM from the Ontario Veterinary College.  Seventy percent of respondents 

were female.  Respondents reported a mean of 51 hours in the past year spent on 

continuing education (SE = 7.6), and estimated a mean of 65% of their current workload 

was working with dairy cattle (SE = 2.9).   

 

Producer respondents had a mean age of 43 (SE = 1.0), with 66% having attended college 

or university.  Eighty-one percent of respondents were male.  Forty-six percent had a 

free-stall or pack barn, while 54% milked in a tie-stall operation.  Producers had a mean 

of 81 milking cows (range = 20 - 450, SE = 5.6) at the time of the survey.  Ninety percent 

of producers reported having a regular herd health visit with their veterinarian; 42 % had 

these visits at least every two weeks.  All responding producers could be traced to one of 

the 15 DFO field (geographic) zones.  The proportion of survey respondents from each 

zone did not differ significantly from the proportion of total dairy producers residing in 

that zone, using a two-way test of proportions.   

 

Role of Veterinary Technicians. Seventy percent of veterinary clinics reported having a 

veterinary technician or registered veterinary technician on staff.  Of clinics employing 

veterinary technicians, 87 % reported one or more technicians on staff were registered 

with the Ontario Association of Veterinary Technicians.  Of clinics with a veterinary 

technician, 49 % did not have any clinic disbudding or dehorning done by technician.  

Twenty-five percent of clinics reported over 80 % of clinic disbudding or dehorning was 

done by a technician.  

 

Dehorning Procedures. Results are summarized in Tables 3.1 and 3.2.  Veterinarians 

were asked to estimate what percentage of their disbudding or dehorning fell into the 
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three age categories.  Veterinarians performed a mean of 53 % (± 4 %) of their 

disbudding and dehorning with an electric burner; 31 % (± 4 %) with a gas-powered 

burner; and 14 % (± 2 %) by surgical amputation (Table 3.1).  Veterinarians performed a 

mean of 39 % (± 3 %) of their disbudding and dehorning on calves less than 4 weeks of 

age; 39 % (± 3 %) at 4 to 8 weeks of age; and 22 % (± 3 %) at more than 8 weeks of age 

(Table 2).  Ninety-four percent of responding veterinary clinics reported veterinarians or 

veterinary technicians performed disbudding and dehorning for a mean of 29 % of their 

dairy clients.  Ninety-eight percent reported training producers in performing disbudding 

and dehorning practices, including use of pain control.   

 

Seventy-three percent of producers reported that either they or a member of their staff 

performed their disbudding or dehorning, with the remaining 27 % reporting they had a 

veterinarian or technician perform this procedure.  No producer respondents reported that 

they left horns intact on cattle on their farm.  Producers performed a mean of 28 % (± 4 

%) of their disbudding or dehorning on calves less than 4 weeks of age; 36 % (± 4 %) at 4 

to 8 weeks of age; and 36 % (± 4 %) at more than 8 weeks of age (Table 3.2).  

 

The most commonly used method by producers was cautery with an electric, Rhinehart-

style burner (59 %); followed by cautery with a small diameter, gas powered burner (18 

%); caustic paste (13 %); and surgical amputation by gouging (10 %) (Table 3.1).  An 

‘other’ method category was offered, but no respondents selected this category.   

 

Producers using the large diameter electric burner disbudded 22 % of their calves at less 

than 4 weeks of age, 38 % at 4 to 8 weeks of age, and 40 % over 8 weeks of age.  

Producers using a small diameter burner disbudded 32 % of their calves at less than 4 

weeks of age, 59 % at 4 to 8 weeks of age, and 9 % at over 8 weeks of age.  Caustic paste 

users disbudded 76 % of their calves at less than 4 weeks of age, 8 % between 4 and 8 

weeks, and 16 % over 8 weeks of age.  

 

Pain Control Practices.  Results are summarized in Table 3.3. Veterinarians were asked 

a dichotomous outcome question on use of pain control medication for each method and 
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age group upon which they performed disbudding or dehorning. Ninety-seven percent of 

veterinarians reported using local anesthetic in 100 % of the calves they disbudded or 

dehorned.  

 

A user of sedation or NSAIDs was defined as using it in > 50% of the animals they 

disbudded or dehorned.  The vast majority of veterinarians either use these medications 

for almost all or almost none of the animals they disbud or dehorn (Figure 3.1).  Sixty-

two percent of veterinarians used sedation; of these, 88 % reported use > 90% of the time.  

Forty-eight percent of veterinarians used NSAIDs; of these, 92 % reported use > 90 % of 

the time. Of veterinarians using an NSAID, 89 % cited their most commonly used 

NSAID as injectable meloxicam, while 7 % used injectable flunixin meglumine and 4 % 

chose injectable ketoprofen.   

 

Sixty-two percent of producers who performed disbudding or dehorning themselves 

reported using local anesthetic (Figure 3.3).  Thirty-eight percent of producers reported 

using a sedative.  Twenty-four percent of producers reported using an NSAID.   Of 

producers using an NSAID, 56% used meloxicam injection, 26% used ketoprofen 

injection, and 18% chose flunixin meglumine injection.   

 

Reasons for Medication Use and Lack of Use. Veterinarians' most commonly selected 

reasons for use of local anesthetic included ease of handling (92 %), concern for the 

welfare of the calf (87 %), lack of a cost barrier (86 %) and improved safety for both calf 

and handler (77 %).  The most commonly selected reasons for use of NSAID (by NSAID 

users) included concern for the welfare of the calf (100 %), availability of an approved 

product (85 %), and low cost (49 %).  The most commonly selected reasons by 

veterinarians not to use an NSAID (by NSAID non-users) included concern over price 

(92 %), owner requests to not use NSAID other than price (50 %) and that pain control 

through NSAID use was not necessary for their disbudding or dehorning procedure (18 

%).  Of veterinarians using sedation, all (100 %) cited ease of handling as a reason for 

use, as well as safety (88 %), and lack of a cost barrier (78 %).  Of those not using 
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sedation, lack of need for handling (66 %) and owner request (38 %) were the most 

commonly cited reasons. 

 

Among producers using local anesthetic, the most commonly selected reasons for use 

included concern for the welfare of the calf (92 %), ease of handling (81 %) and safety 

for both calf and handler (60 %).   Although less commonly selected, some producers 

cited ‘consumer concerns/marketplace demands’ as a reason for which they chose to use 

a local anesthetic (26 %) as well as information from the Code of Practice for the Care 

and Handling of Dairy Cattle (26 %).  Of producers who did not use local anesthetic, the 

most commonly cited reason for lack of use was being unaware of this pain control 

option (48 %).  Few producers cited concern over cost (7 %) or time (14 %) as being 

deterrents to using local anesthetic. 

 

Of producers giving an NSAID for disbudding or dehorning, the most commonly cited 

reasons were concern for the welfare of the calf (82 %), and ease of availability (50 %).  

Twenty-eight percent of NSAID users reported ‘consumer concerns/marketplace 

demands’ as a factor influencing their decision to use analgesia.  Producers not choosing 

to use an NSAID for disbudding or dehorning most commonly reported they were 

unaware of this form of analgesia (45 %).  Few producers cited concerns over cost (10 

%), that this form of pain control was not necessary (10 %), or that pain control in 

general was unnecessary (10 %).   

 

Use of sedation by producers was commonly cited as being used to reduce handling 

stress; both ease of handling (86 %), and safety concerns (75 %) were cited.  Producers 

also commonly believed use of sedation was important to control pain (86 %).  Among 

producers not using sedation, few gave cited reasons, although a lack of need for 

handling was most commonly cited (21 %).   A small number of producers identified 

sedation as not having a direct impact on disbudding or dehorning pain (11 %). 

 

Reported Changes Over Time. Seventy-two percent of veterinarians practicing for more 

than 10 years reported changing disbudding and dehorning practices since 2004.  Of these 
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veterinarians, 73 % reported adding use of an NSAID; 32 % reported adding use of local 

anesthetic; and 32 % reported adding use of sedation. 

 

Sixty-three percent of producers reported they had changed their disbudding or dehorning 

practices since 2004.  Of these producers, 60 % reported adding local anesthetic to their 

pain control protocol; 23 % reported adding sedation; 17 % reported adding an NSAID; 

and 30 % reported performing these procedures at a younger age.   

 

Influences on Change.    Veterinarians who reported changing disbudding and dehorning 

practices since 2004 were asked an open-ended question as to why they changed their 

practices.  The most commonly cited reason was concern for welfare of the calf (75 %).  

A smaller percentage included ease of handling as a reason for change (22 %). 

 

Producers who reported changing their disbudding and dehorning practices since 2004 

were asked who or what may have influenced their decision to change, with the option to 

select multiple responses and/or fill in an ‘other’ category.  Seventy-three percent of 

producers selected their herd veterinarian as influential.  The next two most commonly 

selected answers were knowledge from the ‘Code of Practice for the Care and Handling 

of Dairy Cattle’ (22 %) and ‘print publications’ (18 %).  

 

Perceptions of Pain: Likert Scoring. Results are summarized in Table 3.4. There were 

no significant differences between producers and veterinarians for the same procedure or 

condition in equality of distribution, including range, mean and variance (as assessed by 

the Kolmogorov-Smirnov test for equality of distribution of functions); this held true for 

all eight listed procedures or conditions.   

 

Both populations’ median scores ranked the eight procedures or conditions in the same 

order.  Gouging and burning at five months of age was seen as being most painful, 

followed by dystocia and acute mastitis.  Disbudding by small burner at two weeks of age 

was seen as less painful than gouging and burning at five months, but more painful than 

caustic paste application at two days of age.  The perceived painfulness of caustic paste 
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disbudding showed the greatest standard deviation among both groups (Figure 3.2.a), 

while scores for dystocia and dehorning by gouging (the two conditions or procedures 

viewed as most painful) contained the least variation in score (Figures 3.2.c, 3.2.d).   

Perceived pain from disbudding at two weeks of age by small diameter burner appeared 

to contain more variation than gouging, but less than caustic paste. 

 

Use of Polled Dairy Sires. Thirty-eight percent of producers reported having used a 

polled dairy sire or purchasing at least one dose of polled dairy sire semen over the 

previous 12 months.  Of these producers, polled dairy sire use represented a mean of 9 % 

(± 2 %) of their breedings for the past year.  Sixty-eight percent of producers using polled 

dairy sires reported choosing the sire primarily because it was polled.  Forty-one percent 

of producers not choosing polled dairy sires reported concern for sire quality as why they 

had not used a polled dairy sire, and 28 % reported lack of availability as the reason for 

non-use. 

 

Predictors of Pain Control Use by Producers  

 

Predictors of Local Anesthetic Use by Producers. Results are summarized in Table 3.5. 

The final model for the probability of local anesthetic use included sedative use, herd 

health frequency, percentage of calves dehorned over 8 weeks of age, and percentage of 

calves disbudded with caustic paste.  Demographic information (such as age, farm size, 

or barn type), calf management practices, use of polled genetics, knowledge of the Code 

of Practice for the Care and Handling of Dairy Cattle (National Farm Animal Care 

Council, 2009), or perceptions of pain were not significant predictors in the final model.   

 

Producers who used sedatives for disbudding or dehorning, and those having a herd 

health visit with a veterinarian at least every two weeks (as compared to those with less 

frequent or no herd health visits), were at increased odds of also using local anesthetic for 

disbudding or dehorning.  Increasing percentage of calves over 8 weeks of age at time of 

disbudding or dehorning increased the odds of using local anesthetic, while increasing 

percentage of calves disbudded with caustic paste decreased the odds of the producer 
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being likely to use local anesthetic.  Producers performing all dehorning over 8 weeks of 

had 3.2 times the odds (95 % CI; > 1.0 – 9.9) of using local anesthetic compared to those 

performing none over 8 weeks of age. A producer not using caustic paste for any 

disbudding had 6.0 times the odds (95 % CI; > 1.0 – 35.7) of using local anesthetic as 

compared to a producer using caustic paste for all disbudding.  At a probability threshold 

of 0.5, the model correctly classified 79 % of the data, with a specificity of 61 % and a 

sensitivity of 89 %.  Area under the ROC curve was considered good, at 0.81. 

 

Predictors of Sedative Use by Producers. Results are summarized in Table 3.6.  

Demographic information, calf management practices, use of polled genetics or 

knowledge of the Code of Practice for the Care and Handling of Dairy Cattle (National 

Farm Animal Care Council, 2009) were not significant predictors in the final model.  The 

use of local anesthetic was associated with seven times greater odds of using sedation. 

Producers who reported using the social media platform ‘Twitter’ for business purposes 

had 4.4 times greater odds of using sedatives for dehorning, as compared to those who 

did not use this platform (P  = 0.03).  Increased perception of dystocia pain was 

positively associated with use of sedation for disbudding or dehorning (OR = 1.4; P = 

0.04).  A producer who scored dystocia two Likert units higher would be twice as likely 

to use sedatives.  Producers who had a herd health visit by their veterinarian at least every 

two weeks tended to have increased odds of using sedatives (OR = 2.5; P = 0.071).  At a 

probability threshold of 0.5, the local model correctly classified 73 % of the data, with a 

specificity of 79 % and a sensitivity of 64 %.  Area under the ROC curve was considered 

good, at 0.81.   

 

DISCUSSION 

 

Respondents and Non-Response Bias 

 

Producer respondents were slightly younger, with a mean age of 43, than the largest 

segment of dairy producer population, which is between 45 – 54 years of age (Canadian 
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Dairy Commission, 2016).  Farm size, a mean of 81 cows, was comparable to the 

national average of 77 cows (Canadian Dairy Commission, 2016).   

 

Although risk of response bias is present in all surveys, especially those involving 

sensitive topics such as pain control use on farms, a lack of anonymous respondents or 

dropouts in the producer survey may suggest that this effect was small within our sample.   

If reluctance to report lack of pain control use for disbudding and dehorning was a 

concern, we would expect to see a proportion of producers decline to provide contact 

information, or decline to finish the survey once questions on pain control were posed.  

However, all producers provided at least one piece of contact information, and all 

respondents who answered the first question completed the survey.   Answers were 

similar between producers and veterinarians when examining the proportion using a 

veterinarian or technician for these procedures (27 % of dairy producers reported using a 

veterinarian; veterinarians estimated performing dehorning for 29 % of their clients).  We 

would expect to see over-representation of veterinarian or technician dehorned farms in 

the producer survey (as those farms are more likely to use pain control), if those not using 

pain control disproportionately chose not to respond to the survey.  This said, it is still 

likely that the reported results do not entirely capture the adoption of pain control use in 

the source population. 

 

Use of Veterinarians or Technicians by Producers for Dehorning 

 

In our survey populations, the proportion of disbudding or dehorning performed by 

veterinarian or technician was similar to findings in a 2004 survey by Misch et al. (2007), 

where veterinarians estimated they performed this task for 31% of their clients, and 22 % 

of dairy producers reported using a veterinarian.  Although training a staff member to 

perform this task may potentially be the most cost-effective option, labor is a limiting 

resource on many farms (Findeis et al., 2002), and paying a professional already skilled 

in this area may be easier for some producers.  Another potentially more cost-effective 

option is for veterinary clinics is to employ technicians to perform this task, which can be 

coupled to other value-added services on-farm.  Almost half of responding veterinary 
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clinics did not utilize technicians for any disbudding or dehorning, but 26% reported 

technicians performing > 80% of all the disbudding and dehorning that the clinic 

performed.  While data on dehorning by technicians has not previously been explored, 

based on the experiences of our research group, we feel the number of Ontario clinics 

utilizing technicians for these procedures has increased over time.   

 

Veterinary Survey 

 

It was encouraging to see that 78 % of veterinary disbudding or dehorning occurs before 

eight weeks of age, which indicates these calves would have been disbudded rather than 

dehorned, and would experience less pain than animals dehorned by amputation at older 

ages (Petrie et al., 1996).   

 

Our results suggest the use of pain control by veterinarians has changed over the past 

decade.  The use of local anesthetic in our study was 97 %, as compared to 77 % found 

previously by Misch et al. (2007).  Use of NSAID by veterinarians appeared to increased 

dramatically; forty-eight percent of veterinarians used this medication in our study as 

compared to 2 % reporting use previously by Misch et al. (2007).  Use of an NSAID is 

beneficial for disbudding and dehorning procedures; when local anesthesia alone is used, 

while the initial cortisol rise and behavioural indicators of pain are delayed for the 

duration of the block, but a delayed response occurs without NSAID administration 

(Sylvester et al., 1998; Grøndahl-Nielsen et al., 1999; Stewart et al., 2009; Heinrich et al., 

2010).    

 

Interestingly, both NSAID and sedative use by individual veterinarians appeared 

dichotomous; that is, a practitioner either did not use the medication at all, or used it in 

the vast majority of their disbudding or dehorning (Figure 1).  This is promising for 

future adoption of NSAID use: if a practitioner can be convinced to use an analgesic, it is 

likely they will then use it in the majority of their disbudding and dehorning.   
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Cited reasons for pain control use by veterinarians were primarily animal-centered: 

concern for the welfare and handling of the calf undergoing the procedure, similar to 

recent findings from Ventura et al. (2015).  Recommendations for use by governing 

bodies or concern for perceptions of the industry were not commonly selected.  This may 

be a result of veterinarians in our survey population primarily viewing pain control for 

disbudding and dehorning as an individual animal issue; if they believe the procedure 

causes pain that can be mitigated by either local anesthetics and/or NSAID use, they 

appear to use these products on the majority of animals they disbud or dehorn.   

 

While the differences seen are postulated to have occurred due to veterinarians changing 

their disbudding or dehorning practices, it is also possible that different pools of 

veterinarians were surveyed now, as compared to those responding to the 2004 survey by 

Misch et al. (2007).  We attempted to answer this question by asking veterinarians that 

had practiced for ten years or more if their practices had changed over this time period. 

Because nearly three-quarters of respondents to this question reported changes, the 

differences between survey years likely reflect individual veterinarians changing 

practices as opposed to new veterinarians with improved pain control practices replacing 

others in the population.  Similar to the reasons cited for pain control drug use, the most 

commonly selected reason for having made a change in disbudding or dehorning 

practices was concern for the welfare of the individual calf.   While older studies have 

found younger (Raekallio et al., 2003) and female (Huxley and Whay, 2006) 

veterinarians are more sensitive to pain in animals, our results showing a large proportion 

of veterinarians in practice over ten years changing their practices suggests that perhaps 

extension efforts have had an impact, or perhaps the practices of younger veterinarians 

have influenced their older colleagues. 

 

Producer Survey 

 

Our results suggest producers are disbudding calves at a younger age as compared to 

results from Misch et al. (2007).  Producers were disbudding more calves with a small 

diameter, gas-powered burner (18 % in this study compared with 4 % (Misch et al., 
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2007)), and correspondingly fewer with surgical amputation methods (gouging, saw or 

keystone dehorning shears; 13 % this study compared with 32 % (Misch et al., 2007)). 

This is consistent with the 63 % of producers in our survey who reported changed their 

disbudding and dehorning practices in the past 10 years, 30 % of whom reported 

performing these procedures at a younger age.  Despite these advances, more than one-

third of our respondents reported disbudding or dehorning at more than eight weeks of 

age, similar to what was found in 2004 (Misch et al., 2007).  Although increased use of 

less invasive methods suggest this third of producers is performing dehorning at a 

younger age (e.g. 12 weeks instead of 6 months), it is still beyond the Canadian 

recommendations and will involve more tissue damage than disbudding at a younger age.  

Although disbudding at less than three weeks is recommended (National Farm Animal 

Care Council, 2009), these tasks are likely not the most enjoyable, and may be pushed 

back to a later date when labor is limited or when more pressing jobs are at hand.  

 

An increase in the use of local anesthetic, sedatives and NSAID for disbudding and 

dehorning was seen, all of which are higher than previously reported in North American 

based surveys (18 %, Hoe and Reugg, 2006; 22 %, Misch et al., 2007; 12 %, Fulweider et 

al., 2008; 45 %, Vasseur et al., 2010).  The dramatic rise in the adoption of NSAID 

among producers has not been previously reported.  Concern for the individual animal 

was a common theme when users of these medications were asked why they had chosen 

them.  Although industry-centered reasons were less commonly reported, it is interesting 

that over one quarter of producers cited ‘consumer concerns/marketplace demands’ as 

important reasons for choosing to use both local anesthetics and NSAID.  Increased 

awareness of these concerns by dairy producers can only help bridge gaps between 

consumer expectations and on-farm practices.   

 

There was an association of age and method of disbudding or dehorning with pain control 

use: producers who disbudded or dehorned animals at > 8 weeks of age were more likely 

to use local anesthetic.  Use of local anesthetic in older cattle may be a reflection of the 

difficulty handling larger animals; 81 % of local anesthetic users selected ‘ease of 

handling’ as important reason in their decision to use this medication.  It may also be a 
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result of older animals potentially displaying more behavioural indicators of pain – 

although no studies have directly compared these indicators among calves of different 

ages, it may be easier to ‘recognize’ pain in older calves.  For example, inert lying 

behaviour seen in two caustic paste trials, which confounded typical behavioural 

indicators of pain, was postulated to be either a result of the method used or due to the 

age of the calf (Stilwell et al., 2007; Stilwell et al., 2009).  The lack of use of local 

anesthetic for caustic paste disbudding reported here may reflect that the pain caused by 

caustic paste is suggested to not be immediate as cautery, as there is less struggling 

during the procedure (Stilwell et al., 2009).  It is possible that producers using this 

method and leaving within minutes of application may not witness the pain-related 

behaviours that calves disbudded with this method exhibit when performed without 

anesthesia or analgesia (Stilwell et al., 2007; Stilwell et al., 2009). 

 

Use of xylazine sedation by producers was significantly associated with increased 

perception of the pain of dystocia.  It is possible that more empathetic producers prefer 

calves to experience less handling stress during disbudding or dehorning.  Producers who 

are more sensitive to pain take the pain of dehorning more seriously (Wilkman et al., 

2013).  However, in our data, there was an association of perceived pain of dystocia with 

use of sedatives, but not with use of local anesthetic. Perception of pain for the three 

disbudding and dehorning procedures was not related to local anesthetic or sedation use.   

 

The association between ‘Twitter’ use (a social media platform) for ‘professional 

purposes’ was also associated with use of sedation for disbudding, but age and education 

level were not.  It may be that typical indicators of greater awareness of currently 

recommended management procedures (e.g., producers of a younger age, or with a higher 

level of education) are no longer appropriate measures in 2016.  Based on our results, 

producers who are more connected to information sources, or perhaps like-minded peers, 

(i.e., those who report using social media as a business tool) are perhaps more likely to be 

aware of different options or management strategies, and that this connection to 

information is independent of age and education level. 
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Perceptions of Pain 

 

It was remarkable how similarly veterinary and producer survey respondents viewed pain 

in cattle.  The two survey populations did not differ in the rating of any of the eight 

conditions or procedure in both the comparison of means and ranges.  The two practices 

or conditions deemed to be most painful (dystocia, and gouging and burning at five 

months) also contained the least apparent variation in distribution.  Dehorning at an older 

age was similarly found to be one of the most painful procedure in a survey of US 

veterinarians (Fajt et al., 2011) but unlike our survey, was ranked lower than a left-

displaced abomasum in a survey of UK veterinarians (Huxley et al., 2006).  That said, it 

is difficult to compare perceptions of pain between studies, not only as the populations 

and methods differ, but the list of procedures and conditions given to participants differed 

in our work, and may confound comparisons between studies. 

 

Familiarity of both producers and veterinarians to both surgical amputation dehorning 

and dystocia may explain the tighter distribution within our survey, as compared to the 

other procedures or conditions listed.  Although cautery (alone, without gouging) is the 

most commonly performed disbudding practice, found both in our survey as well as 

others (Hoe and Ruegg, 2006; Fulweider et al., 2008), it is likely producers and 

veterinarians are familiar with the procedure of gouging, with producers perhaps having 

historically use this method on their operation.  Dystocia is also clearly a condition that 

the vast majority of producers and veterinarians (if not all) are familiar with.  In contrast, 

disbudding by caustic paste is much less commonly used, and there is some debate as to 

the nature and duration of the pain involved, as well as far fewer clinical trials examining 

pain control (Vickers et al., 2005; Stilwell et al, 2007, 2009).  As this procedure had the 

widest apparent range of variation in both populations, we postulate that this reflects the 

lack of definitive conclusions with respect to the nature and duration of pain caused by 

caustic paste, as well as a lack of familiarity of respondents with this practice.     

 

Veterinary Involvement and Use of Pain Control 
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Veterinary influence on producers’ use of pain control for disbudding and dehorning was 

seen both as results directly in the producer survey, as well as in the influence of herd 

health frequency in the predictive models.  Essentially all veterinarians surveyed in the 

present study reported use of local anesthetic, however, this was not the case ten years 

ago (Misch et al., 2007).  Perhaps the increased adoption by veterinarians over this time 

frame is one of the major factors associated with the increased producer use.  

Interestingly, current NSAID use by veterinarians (62 %) and producers (24 %) is not 

unlike that of local anesthetic use reported by Misch et al. (2007) by both veterinarians 

(77 %) and producers (21 %); if NSAID use by veterinarians rose to full adoption, we 

wonder if a similar upswing in producer use of NSAID may be seen.  It would be difficult 

to increase use by producers if the medication is seen as unimportant (and therefore 

unused) by their veterinarian. 

 

In this vein, it is interesting that producer concerns regarding cost of NSAID were not 

commonly cited as a roadblock to analgesic use; rather, lack of awareness was.  Although 

it may be more palatable to plead ignorance over frugality when asked why not to use 

analgesia for a painful procedure, only 59 % of veterinarians used NSAID, and the vast 

majority of these started using these products within the past 10 years.  All NSAID 

products in Canada require veterinary prescription.  As one may argue that producers rely 

on their veterinarian for information on pain management for disbudding or dehorning, 

previous lack of veterinary use of NSAID may have precluded producer adoption of these 

products.  The mismatch between veterinarians’ concerns over NSAID cost (92% of 

veterinary NSAID non-users) and producer concerns over NSAID cost (reported by 10% 

of producer NSAID non-users) merits further consideration.  Although it is possible 

producers self-censored their economic concerns, it is also possible that veterinarians pre-

emptively do not offer or discuss NSAID use if they, perhaps wrongly, anticipate 

producers’ economic concerns.  Concern by veterinarians regarding cost, and the 

influence of this on pain management use, is similar to results found in a national study 

by Hewson et al. (2007).  Unlike local anesthesia, the effects of NSAID administration do 

not provide any handling benefit.  Although concern for pain control was commonly cited 

in our survey as a reason to use local anesthetic (87 %), ease of handling was also seen as 
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important (92 %).  Previous work found tractability was often cited as a reason for local 

anesthetic use by food animal veterinarians, as opposed to concern for pain control 

(Morgan, 2009).  

 

Producers who had changed disbudding or dehorning practices in the past 10 years 

highlighted the importance of their herd veterinarian in such changes.  The influence of 

veterinary involvement was also seen regarding use of pain control.  Producers with a 

herd health visit at least biweekly were nearly four times more likely to use local 

anesthetic.  Although the frequency of herd visits is generally associated with herd size, 

we did not find associations of herd size with veterinary visit frequency or use of pain-

control.  

 

Limitations and considerations 

 

Though both our study and that of Misch et al. (2007) used similar source populations for 

both dairy producers and veterinarians, as this was not a longitudinal study differences 

between study years may only be compared numerically.  It is possible differences in 

response bias may exist between the two survey years.   

 

Producers were asked about medication use in the majority of calves; variation of use on 

a single farm could result in a lower proportion of total calves receiving pain control.  

However, we assume practices are likely to be similar between calves within a farm in 

our experience with this population. 

 

Factors which appear to have influenced veterinarians and dairy producers to adopt best 

practices may not necessarily be indicative of what may motivate change among current 

non-adopters.  These populations (adopters and non-adopters) may have other differences 

not elicited in this work which may factor into their willingness to change disbudding and 

dehorning practices. 

 

CONCLUSIONS 
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This work demonstrates improvements in use of pain control for disbudding and 

dehorning by both veterinarians and dairy producers in Ontario, Canada from previous 

published work in North America.  The most commonly reported reason for the use of 

anesthesia and analgesia was concern for the welfare of the individual calf, although it is 

interesting to note that a quarter of producers also identified consumer attitudes as 

directly impacting their decision to use pain control.  Producers and veterinarians viewed 

the experience of pain by cattle similarly, which should facilitate increased adoption of 

best management practices for these painful procedures.  Veterinary involvement was 

highly influential on adoption of pain control practices by producers.  However, a 

disconnect in identifying roadblocks to increased pain control adoption rates exits 

between veterinarians and producers, as seen by the discrepancy between the two groups 

regarding cost being prohibitive of NSAID use.  A fuller examination of motivating 

factors to request, dispense and discuss information on best practices by both parties 

should be undertaken in order to better determine how to further improve pain control 

adoption for the disbudding and dehorning of dairy calves.  We encourage veterinarians 

to advocate fuller implementation of pain control practices by producers for disbudding 

calves. 

 

REFERENCES 

 

American Veterinary Medical Association. 2014. Literature review on the welfare 
implications of the dehorning and disbudding of cattle.  
https://www.avma.org/KB/Resources/LiteratureReviews/Pages/Welfare-Implications-of-
Dehorning-and-Disbudding-Cattle.aspx 
 
Braz, M., M. Carreira, N. Carolino, T. Rodrigues, and G. Stilwell. 2012. Effect of rectal 
or intravenous tramadol on the incidence of pain-related behaviour after disbudding 
calves with caustic paste. Appl. Anim. Behav. Sci. 136:20-25. 
 
Canadian Dairy Commission. 2016. “The Industry: Production”. http://www.cdc-
ccl.gc.ca/CDC/index-eng.php?id=3801 
 
Canadian Veterinary Medical Association.  2010.  Disbudding and dehorning of cattle – 
position statement.  http://www.canadianveterinarians.net/documents/disbudding-and-
dehorning-of-cattle 



	 105	

 
Dairy Farmers of Canada. 2015. proAction: Leading the way for sustainable dairy 
farming; providing assurance to customers about farm practices. Dairy Farmers of 
Canada, Ottawa, Ontario, Canada. 
https://www.dairyfarmers.ca/Media/Files/proaction/proaction_ang_lr15.pdf 
 
Duffield, T. F., A. Heinrich, S. T. Millman, A. DeHaan, S. James, and K. Lissemore. 
2010.  Reduction in pain response by combined use of local lidocaine anesthesia and 
systemic ketoprofen in dairy calves dehorned by heat cauterization.  Can. Vet. J. 51:283-
288. 
 
Fajt, V. R., S.A. Wagner, and B. Norby. 2011. Analgesic drug administration and 
attitudes about analgesia in cattle among bovine practitioners in the United States.  
JAVMA. 238:755-767. 
 
Findeis, J.L., A. M. Vandeman, J.M. Larson, and J.L. Runyan.  2002.  The dynamics of 
hired farm labor: constraints and community responses. CABI Publishing, New York, 
NY. Pg. 3 – 14. 
 
Fulwider, W. K., T. Grandin, B. E. Rollin, T. E. Engle, N.L. Dalsted, and W. D. Lamm. 
2008. Survey of dairy management practice on one hundred thirteen north central and 
northeastern United States dairies.  J. Dairy Sci. 91:1686:1692. 
 
Gottardo F., E. Nalon, B. Contiero, S. Normando, P. Dalvit, and G. Cozzi. 2011. The 
dehorning of dairy calves: practices and opinions of 639 farmers.  J. Dairy Sci. 94: 5724-
5734. 
 
Grøndahl-Nielsen, C., H. B. Simonsen, J. Damkjer Lund, and M. Hesselholt. 1999. 
Behavioural, endocrine and cardiac responses in young calves undergoing dehorning 
without and with use of sedation and analgesia. Vet. J. 158:14–20. 
 
Heinrich, A., T. F. Duffield, K. D. Lissemore, and S. T. Millman. 2010.  The effect of 
meloxicam on behaviour and pain sensitivity of dairy calves following cautery dehorning 
with a local anesthetic.  J. Dairy Sci. 93:2450-2457. 
 
Hewson, C. J., I. R. Dohoo, K. A. Lemke, H. W. Barkema. 2007. Factors affecting 
Canadian veterinarian’s use of analgesics when dehorning beef and dairy calves.  Can 
Vet J. 48: 1129-1136 
 
Hoe, F. G., and P. L. Ruegg. 2006. Opinions and practices of Wisconsin dairy producers 
about biosecurity and animal well-being.  J. Dairy Sci. 89:2297-2308. 
 
Hokkanen, A.H., I. Wilkman, T. Korhonen, M. Pastell, A. Valros, O. Vainio, and L. 
Hänninen. 2015. Perceptions and practices of Finnish dairy producers on disbudding pain 
in calves. J. Dairy Sci. 98:1-9. 
 



	 106	

Huxley, J. N., and H.R. Whay. 2006. Current attitudes of cattle practitioners to pain and 
the use of analgesics in cattle.  The Veterinary Record 159:662-668. 
 
Misch, L.J., T.F. Duffield, S.T. Millman, and K.D. Lissemore. 2007.  An investigation 
into the practices of dairy producers and veterinarians in dehorning dairy calves in 
Ontario.  Can Vet J. 48:1249-1254. 
 
Morgan, C.A. 2009. Stepping up to the plate: Animal welfare, veterinarians, and ethical 
conflicts (Doctoral dissertation). Retrieved from 
https://open.library.ubc.ca/cIRcle/collections/ubctheses/24/items/1.0067398  
 
National Farm Animal Care Council. 2009.  Code of Practice for the Care and Handling 
of Dairy Cattle.  Ottawa, Ontario, Canada. 
 
Petrie, N. J., D. J. Mellor, K. J. Stafford, R. A. Bruce, and R. N. Ward. 1996. Cortisol 
responses of calves to two methods of disbudding used with or without local anaesthetic. 
N. Z. Vet. J. 44:9–14.  
 
Raekallio, M., K. M. Heinonen, J. Kuussaari, and O. Vainio. 2003. Pain alleviation in 
animals: Attitudes and practices of Finnish veterinarians. Vet. J. 165:131–135. 
 
Robbins, J. A., D. M. Weary, C. A. Schuppli, M. A. G von Keyserlingk. 2015. 
Stakeholder views on treating pain due to dehorning dairy calves. Animal Welfare 24: 
399-406. 
 
Spooner, J. M., C. A. Schuppli, D. Fraser. 2014. Attitudes of Canadian citizens toward 
farm animal welfare: A qualitative study. Livest. Sci. 163:150-158. 
 
Stafford, K. J., D. J. Mellor. 2011. Addressing the pain associated with disbudding and 
dehorning in cattle. Appl. Anim. Behav. Sci. 135:226-231. 
 
Stanek, S., V. Zink, O. Dolezal, and L. Stolc. 2014. Survey of preweaning dairy calf-
rearing practices in Czech dairy herds. J. Dairy Sci. 97:3973-3981. 
 
Stilwell, G., M.S. Lima, and D.M. Broom. 2007. Comparing the effects of three different 
disbudding methods on behaviour and plasma cortisol of calves. Revista Portuguesa de 
Ciencias Veterinarias. 102:281-288. 
 
Stilwell, G., R. C. de Carvalho, M. S. Lima, and D. M. Broom. 2009. Effect of caustic 
paste disbudding, using local anaesthesia with and without analgesia, on behaviour and 
cortisol of calves. Appl. Anim. Behav. Sci. 116:35–44.  
 
Stock, M. L., S. L. Baldridge, D. Griffin, J. F. Coetzee.  2013.  Bovine Dehorning: 
Assessing pain and providing analgesic management.  Vet Clin. Food Anim. 29:103-133. 
 



	 107	

Sylvester, S. P., D. J. Mellor, K. J. Stafford, R. A. Bruce, and R. N. Ward. 1998. Acute 
cortisol responses of calves to scoop dehorning using local anaesthesia and/or cautery of 
the wound. Aust. Vet. J. 76:118–122.  
 
United States Department of Agriculture. 2009.  Dairy 2007: Part V: Changes in dairy 
cattle health and management practices in the United States, 1996-2007.  USDA-APHIS 
National Animal Health Monitoring System. 
http://www.aphis.usda.gov/animal_health/nahms/dairy/downloads/dairy07/Dairy07_dr_P
artV_rev.pdf 
 
Vasseur, E., F. Borderas, R. I. Cue, D. Lefebvre, D. Pellerin, J. Rushen, K. M. Wade, and 
A. M. de Passille.  2010.  A survey of dairy calf management practices in Canada that 
affect animal welfare.  J. Dairy Sci. 93:1307-1315. 
 
Ventura, B. A., M. A. G. von Keyserlingk, D. M. Weary.  2015. Animal welfare concerns 
and values of stakeholders within the dairy industry.  J. Agric. Environ. Ethics 28:109-
126. 
 
Vickers, K.J., L. Neil, L.M. Kiehlbauch, D.M. Weary. 2005. Calf response to caustic 
paste and hot-iron dehorning using sedation with and without local anesthetic. J. Dairy 
Sci. 88:1154-1459. 
 
Wikman, I., A. H. Hokkanen, M. Pastell, T. Kauppinen, A. Valros, L. Hänninen. 2013.   
Dairy producer attitudes to pain in cattle in relation to disbudding calves. J. Dairy Sci. 96: 
6894-6903. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



	 108	

Table 3.1: Percentage of calves disbudded or dehorned by different methods by 
veterinarians and producers in the Ontario (Canada) dairy industry  
Disbudding or Dehorning 
Method 

Mean percentage of 
veterinarians using this 
method (n = 93) 

Mean percentage of dairy 
producers using this method 
(n = 118)  

Large diameter burner 53 (SE = 4) 59 (SE = 4) 

Small diameter burner 31 (SE = 4) 18 (SE = 3) 

Surgical amputation 14 (SE = 2) 13 (SE = 3) 

Caustic paste 0 10 (SE = 3) 

Wire/saw/keystone 3 (SE = 2) 0 
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Table 3.2: Percentage of calves disbudded or dehorned at different ages by veterinarians 
and producers in the Ontario (Canada) dairy industry 
Age at disbudding or 
dehorning  

Mean percentage of calves 
disbudded or dehorned by 
veterinarians   
(n = 93) 

Mean percentage of calves 
disbudded or dehorned by 
dairy producers 
(n = 118) 

Less than 4 weeks 39 (SE = 3) 28 (SE = 4) 

Between 4 and 8 weeks 39 (SE = 3) 36 (SE = 4) 

Greater than 8 weeks 22 (SE = 3) 36 (SE = 4) 
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Table 3.3: Percentage of Ontario (Canada) -based veterinarian and producer respondents 
reporting use of medications for the disbudding and dehorning of dairy calves  
 Percentage of     

veterinarian users 
(n = 93) 

Percentage of dairy 
producer users 
(n = 118) 

Local anesthetic 97 (SE = 2) 62 (SE = 5) 

Sedation 62 (SE = 5) 38 (SE = 5) 

Non-steroidal anti-
inflammatory drug 
(NSAID) 
 

48 (SE = 5) 24 (SE = 4) 

 

 



	 111	

Table 3.4: Median Likert scores by dairy producers and veterinarians in a questionnaire 
for eight conditions or procedures in cattle, assuming no pain control is given (with the 
exception of a local anesthetic block for LDA surgical correction), where 0 is defined as 
not causing pain, and 10 is defined as the worst imaginable pain 
 

 

              Median Likert score 

Veterinarian survey Producer survey 

Dehorning by gouging and 
cautery at five months of age 
 

8.6A  (SE = 0.2) 8.3A (SE = 0.2) 

Dystocia 8.0B  (SE = 0.2) 7.5B (SE = 0.2) 

Severe mastitis 7.4BC (SE = 0.2) 7.1BC (SE = 0.2) 

Lameness due to sole ulcer 7.4C (SE = 0.2) 7.0BC (SE = 0.2) 

Disbudding with a gas-powered 
burner at two months of age 
 

6.7C (SE = 0.2) 6.7C (SE = 0.2) 

Left displaced abomasum, 
surgical correction 
 

5.2D (SE = 0.2) 4.7D (SE = 0.2) 

Disbudding with caustic paste at 
two days of age 
 

4.8D (SE = 0.3) 4.9D (SE = 0.3) 

Ear tagging 2.6E (SE = 0.2) 2.5E (SE = 0.2) 

No differences (all P values were > 0.20) were seen between the two populations 
(veterinarian or dairy producer) within each of the eight listed procedures or conditions, 
as assessed by as assessed by the Kolmogorov-Smirnov test for equality of distribution of 
functions 
A-D Differences (P < 0.05) in medians between procedures or conditions within a 
population (veterinarian or dairy producer), as assessed by Mood’s median test, are 
indicated by different superscripts.  
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Table 3.5: Multivariate logistic regression model of factors associated with use of local 
anesthetic use by dairy producers for disbudding or dehorning 
 OR 95% 

confidence 
interval 

P  

Use of sedation for disbudding 
or dehorning (vs. no sedation) 

3.86 

 

1.30 - 11.48 0.015 

Herd health visit every two 
weeks or sooner (vs. less 
frequent or no herd health visits) 
 

3.86 1.26 - 11.86 0.018 

Per 1% increase in calves 
dehorned at > 8 weeks of age 
 

1.01 > 1.00 - 1.02 0.045 

Per 1% increase in  calves 
disbudded with caustic paste 

0.98 0.96 - < 1.00 0.050 
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Table 3.6: Multivariate logistic regression model of factors associated with use of 
sedation by dairy producers for disbudding or dehorning. 

 OR 95% 
confidence 

interval 

P 

Use of local anesthetic for 
disbudding or dehorning (vs. no 
local anesthetic) 
 

7.00 2.04 - 24.07 0.002 

‘Twitter’ use (professional) 
 

4.39 1.16 - 16.59 0.029 

Producer perception of the pain 
of dystocia (per one point 
increase) 
 

1.43 1.02 - 2.01 0.036 

Herd health visit every two 
weeks or sooner (vs. less 
frequent or no herd health visits) 

2.50 0.93 - 6.76 0.071 
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Figure 3.1:  The appearance of a bimodal distribution in use of sedation and non-
steroidal anti-inflammatory drugs (NSAID) by veterinarians.  Proportion of calves 
disbudded or dehorned by veterinarians given sedation or NSAID on the X-axis, with 
proportion of veterinarians selecting that value on the Y-axis.  Black bars represent 
sedation (xyalzine) use, white bars represent NSAID use. 
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Figure 3.2: Distribution of Likert scores for the perceived painfulness of different 
procedures or conditions by veterinarians (black bars) and dairy producers (white bars).  
All procedures or conditions were defined as having been completed without the use of 
pain control. Likert scores (0 = not causing pain » 10 = worst pain imaginable) are on the 
X-axes, and the percentage of respondents choosing that score are on the Y-axes. (a) 
Disbudding at two days of age with caustic paste; (b) Disbudding at two weeks of age by 
small diameter disbudding iron; (c) Dehorning at five months of age by gouging and 
cautery; (d) Dystocia, defined as a hard pull with a calving jack. 
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Figure 3.2.a: 
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Figure 3.2b: 
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Figure 3.2.c: 
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Figure 3.2.d: 
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COMPARISON OF AN ONLINE LEARNING MODULE TO HANDS-ON 

TRAINING IN TEACHING CAUTERY DISBUDDING TECHNIQUE 

FOR DAIRY CALVES, INCLUDING CORNUAL NERVE BLOCK 

APPLICATION 

 

ABSTRACT 

 

Disbudding and dehorning remain common procedures on dairy farms. In a recent survey 

of Ontario dairy producers, 38% reported not using local anesthetic for these procedures.  

Pain control use is important for both calf welfare and industry sustainability.  Use of 

local anesthetic requires technical training, typically provided by a veterinarian, although 

online training videos also exist.  Neither method has been studied for efficacy.  Our 

objective was compare an online module to hands-on training in teaching naïve 

participants (veterinary students) to effectively perform a cornual nerve block and disbud 

a dairy calf.  Participants were randomly assigned to treatment group.  Although no 

statistical differences were seen in success of the nerve block, online learners were less 

confident and had poorer technical skills. While online learning was surprisingly 

effective for a psycho-motor skill, best practices should include hands-on training. 

 

INTRODUCTION 

 

Disbudding and dehorning are common and necessary practices on Canadian dairy farms, 

as having horned dairy cattle increases risk of injury to both humans and cattle (1).  

Dehorning refers to the removal of the horn after attachment of the horn bud to the skull, 

which occurs at approximately two to three months of age (2,3), and disbudding refers to 

the removal or destruction of the horn buds prior to this time.  Although polled sires are 

available for most dairy breeds, the overall use of such genetics is still quite low (4) and 

reflects the recent introduction and availability of this trait in commercial sires.  
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All disbudding or dehorning procedures are painful when done without analgesia (1,5). 

Three-quarters of Ontario dairy producers report performing these procedures 

themselves, while the remainder employ a veterinarian or veterinary technician to disbud 

or dehorn (4). Use of pain control for these procedures by North American dairy 

producers ranges from 15 to 40 % (6,7,8), although more recent work in Ontario reported 

a higher rate of local anesthetic (62 %) and non-steroidal anti-inflammatory drug 

(NSAID) (24 %) use (4). 

 

Painful procedures have been identified by dairy industry stakeholders as key welfare 

issues (9). Beyond the individual animal, these procedures have impact at the industry 

level, as consumers often emphasize ‘freedom from pain’ as important (10).  The 

veterinary profession has a moral obligation to promote animal welfare (11), and 

encouraging best practices for pain management on farm should be considered an 

important role of the food animal veterinarian. 

 

Cautery disbudding is the most commonly used method for dairy calves in North 

America, employed on 67  to 88 % of farms (7,8).  Best practices for pain control involve 

administering both local anesthetic, commonly given as a cornual nerve block, and an 

NSAID (2,3,12).  proAction, a mandatory program by the Dairy Farmers of Canada, 

contains Animal Care requirements that include use of pain control for dehorning, and 

will begin rollout nationwide in 2017 (13). 

 

While administration of an NSAID is uncomplicated, the use of a cornual nerve block 

requires training in technique in order to be successful. Typically, dairy producers learn 

this skill one-on-one with their veterinarian.  Other training methods include published 

factsheets (14) and online training videos.  A search of “dehorn calf” on YouTube™ 

showed dozens of short videos demonstrating a variety of methods and techniques. To the 

authors’ knowledge, no training videos for disbudding or dehorning technique or pain 

control application have been studied for efficacy.  These alternative methods of 

distributing information may provide additional resources for producers trained by the 
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traditional, one-on-one method, or may be used as the sole resource of a producer who is 

unable or unwilling to acquire training through a veterinarian.  

 

Training in providing appropriate pain control for disbudding or dehorning is also 

included in the curriculum for veterinary medicine students; at the Ontario Veterinary 

College, practical training is provided in the final year for students in both the Food 

Animal and the Rural Community Practice streams.  Dairy producers cite their herd 

veterinarian as highly influential on their disbudding or dehorning practices (4); therefore 

it is essential these students are comfortable not only performing these procedures 

themselves, but are also able to provide training to their clients when appropriate.    

 

With this in mind, the objective of our trial was to determine if an online training module 

is as effective as hands-on, small group learning, for teaching naïve participants 

(veterinary students) to successfully perform a cornual nerve block and disbud a dairy 

calf less than eight weeks of age with a small-diameter thermal disbudding iron 

(Portasol®; Elmira, Oregon, USA) in a randomized controlled trial.   Our hypothesis was 

that online learning would be less effective than hands-on training, resulting in poorer 

technique, slower time to perform the procedure, and lower confidence in their ability to 

perform the procedure.  

 

MATERIALS AND METHODS 

 

Experimental methods were approved by both the University of Guelph Research Ethics 

Boards’ Certification of Ethical Acceptability of Research Involving Human Participants 

and by the University of Guelph Animal Care Services. Calves in the study were housed 

on commercial farms as well as the university’s research farm.  The study took place 

between June and August of 2015. 

 

Sample size 
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Our goal was to have at least 16 participants per group, based on an estimation of 90 % 

success (10 % rescues) in the hands-on group, compared to 50 % success (50 % rescues) 

in the online group, with a standard deviation of 20 %.   This calculation assumed 95 % 

confidence and 80 % power.   The anticipated success rate of the hands-on group was 

based on our group’s experience with this type of training in year four of the DVM 

curriculum, whereas the anticipated success of the online group was difficult to estimate 

as there is no previous research in this area.  We felt 50 % success was generous for a 

psycho-motor skill being taught entirely online, with no practice opportunities. 

 

Participation and study flow 

 

Invitations to participate were sent to Year 1 and 2 students enrolled in the DVM 

program at the Ontario Veterinary College (OVC), as well as summer students working 

within the OVC. Thirty-four students volunteered to participate in the trial.  Participants 

were required to have had no experience watching or performing a cornual nerve block.  

Twenty-one students were enrolled in the DVM program; the remainder were enrolled in 

other undergraduate or graduate programs at the University of Guelph.  

 

Volunteers were randomly allocated to one of two treatments: online (n = 20) or hands-on 

training (n = 14).   Students contacted us by email if they wished to participate; the first 

to contact us was assigned to the hands-on training group, the second volunteer to contact 

us was assigned to online training, and so forth.  Due to scheduling conflicts with the 

dates of the hands-on training sessions, three participants were unable to attend their 

assigned date, and then were kept in the trial but assigned to the online group.  Hands-on 

training was done in small groups of two to four participants by a Registered Veterinary 

Technician (RVT) employed with the Ruminant Field Service at the OVC, experienced in 

providing similar teaching in Year 4 of the DVM curriculum. Training followed a 

standardized protocol (Appendix 4.1), where the RVT introduced the topic and 

demonstrated both the cornual nerve block and disbudding technique on one calf (two 

horn buds). Participants were then given a single horn bud each on which to practice, 

with as much help from the RVT as required.   
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Online training participants were given access to an online training module developed to 

mirror the training protocol for the hands-on group. The training module included short 

videos with audio explanations, pictures, and an optional quiz. Participants were able to 

view the online module as many times as they wished prior to evaluation day.  The 

module can be accessed online at: 

https://ovc.uoguelph.ca/ruminant_health_management/sites/all/training/dehorning/story.h

tml (Articulate Storyline 2; Articulate, New York, NY). 

 

Evaluations occurred on eight days, separate from training days, with between two and 

six students evaluated per day. Evaluations were held on both commercial farms (7 

participants: 3 online, 4 hands-on) and the university farm (27 participants: 16 online, 11 

hands-on). At least one participant from each treatment was present at each evaluation. 

One evaluator completed all assessments, and was blinded to the participants’ treatment 

group allocation. Each participant was evaluated separately, out of sight and hearing of 

others. The evaluation (Appendix 4.2) was split into four sections: background 

knowledge, handling and restraint, nerve block application, and disbudding. Background 

knowledge was assessed by a written quiz, which asked participants to identify the 

correct drug, volume, appropriate needle length and gauge, and appropriate injection site 

(Appendix 4.3). Evaluations of calf handling, block application and disbudding used 

rubric scoring. Handling and restraint score was based on correct application of the 

halter, choice of location to tie the calf, securing the calf’s head tightly enough, and 

security of the quick-release knot.  Cornual nerve block technique score was based on 

correct location and the number of needle insertions. Disbudding technique score was 

based on correct location and correct duration of application of the disbudding iron on the 

skin. Time taken for blocking and disbudding was also recorded, and this was done 

without the participants’ knowledge.  Participants were asked to rate their self-confidence 

in their ability to successfully block and disbud a calf on a scale of 1 (very unconfident) 

to 5 (very confident), both before and after the evaluation.   

 



	 126	

A calf was considered to be inadequately blocked, and the participant was immediately 

stopped (rescued), if the calf performed any of the following behaviours during the first 

five seconds of the application of the dehorning iron: head shake, ear flick, foot stamp, 

vocalize, rear, fall, kick, or tail flick. These have been used as behavioural indicators of 

disbudding and dehorning pain (15,16,17,18) and were considered to indicate an 

inadequate local nerve block.  Exceptions were made if it was clear the calf was avoiding 

flies. Rescued calves were then re-blocked by the RVT and the evaluation was continued.  

Rescues were also performed if any of the handling, restraint, or block techniques were 

considered to be unsafe for the calf or participant by the evaluator.  Based on 

requirements from the Research Ethics Board, participants were also informed of their 

right to stop their participation in the study at any time if they wished.  Participants who 

declined to complete the evaluation were also considered to have been unsuccessful in 

block administration (rescued). 

 

Statistical analysis 

 

All analysis was done using STATA13 (StataCorp, 2013. College Station, TX).  

Descriptive statistics were reviewed, and univariable association with treatment group 

was performed on all potential explanatory variables.   

 

Kaplan-Meir survivor function graphs were used to view differences in time to task 

completion (nerve block application, disbudding iron application, and total time) between 

online and hands-on trained groups.  Univariable Cox-proportional hazard models were 

run for time to nerve block completion, time to disbudding completion, and total time.  

The proportional hazard assumption was assessed by the Kaplan-Meir graphs, a non-

significant test of non-zero slope, and by plotting Schoenfeld residuals over log of time.     

 

As rubric scores (written quiz, handling, block technique, disbudding technique) and self-

confidence scores were ordinal, association with treatment group was assessed using 

ordered logistic regression.  A non-significant Hosmer Lemeshow goodness of fit test 

was used to assess model fit.   
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Association between training group and an unsuccessful nerve block (rescue) was 

assessed using Fisher’s exact test as only four rescues were performed, all having come 

from the online trained group. 

 

 Univariable exact logistic regression was used to examine the association between 

rescues and rubric scores (handling and block technique) to explore how well rubric 

scores compared to a less subjective outcome (rescue).  The more conservative (1-sided P 

value*2) P values for these models are reported.  A non-significant Hosmer Lemeshow 

test was used to assess the fit of the model. 

 

RESULTS 

 

Descriptive statistics 

 

Four participants were unsuccessful in providing an adequate nerve block (rescued); two 

participants declined to complete the cornual nerve block application, and two calves 

were rescued during disbudding iron application (separate from the participants who 

declined to complete the block).  All four rescues were from the online treatment group. 

 

Descriptive statistics by treatment group are outlined in Table 4.1.  While written scores 

were higher for those in the online group (4.8 ± 0.1) compared with the hands-on group 

(4.4 ± 0.2), those in the online group had lower scores for handling (3.1 ± 0.2, online; 3.7 

± 0.2, hands-on), block technique (2.3 ± 0.2, online; 2.5 ± 0.2, hands-on), and disbudding 

technique (2.7 ± 0.1, online; 2.9 ± 0.1, hands-on).  Online learners also took longer to 

perform all tasks.  Application of the cornual nerve block took a mean of 68 seconds (± 

5) for the online group compared with 51 seconds (± 5) for those trained in-person.  

Disbudding iron application took a mean of 69 seconds (± 10) for online learners 

compared with 36 seconds (± 6) for hands-on trained participants.  Consequently, total 

time was longer for online learners (126 ± 13 seconds) compared with hands-on (87 ± 10 

seconds).  Confidence scores for those trained online were 3.2 ± 0.1 prior to evaluation, 
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and rose to 4.3 ± 0.1 after evaluation.  Hands-on trained participants had a mean 

confidence score of 3.8 ± 0.1 prior to evaluation, and after evaluation this rose to 4.4 ± 

0.2. 

 

Validation of rubric scoring  

 

Rubric scores were negatively associated with having been in the rescue group.  For a one 

point increase in rubric score, odds of requiring a rescue were significantly lower for 

block technique score (OR 0.3; 95% CI 0.03, 0.99; P = 0.04) and also tended to be lower 

for handling score (OR 0.3; 95% CI 0.1, 1.2; P = 0.08).  Block technique rubric score was 

therefore considered to be valid measure of block efficacy.   

 

Online vs. Hands-on training groups 

 

An increase in written score by one point tended to be associated with an increased 

probability of being in the online group (Table 4.2, OR 4.7; P = 0.06; 95 % CI 0.9-23.6), 

while a similar increase in all other technical scores was significantly associated with 

decreased odds of having been trained online.  An increase in handling score by one point 

was five time as likely to have been trained in the hands-on group, while a similar 

increase in block and disbudding technical scores were associated with ten times the odds 

of having been trained in the hands-on group (Table 4.2).    

 

A significant hazard ratio below one for the online group was seen for time to completion 

for all tasks (Table 4.2).  The risk of a participant finishing in a given time was 

significantly less likely if they were trained online.  Those trained in the hands-on group 

were twice as likely to finish in a given time for cornual nerve block application, and 

over three times as likely to finish in a given time for disbudding iron application (Table 

4.2).  The differences in time to completion for conual nerve block application and 

disbudding iron application are illustrated by the Kaplan-Meir survival function graphs in 

Figures 4.1 and 4.2. 
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A higher pre-evaluation confidence score was significantly less likely to have come from 

an online trained participant; a one-point increase in score was associated with ten times 

the odds of having come from a participant trained in the hands-on group (Table 4.2).  

However, post-evaluation confidence scores did not differ between groups; this is 

explained by a one point increase in change in confidence score to be significantly 

associated with increased odds of having been in the online group (OR 4.4; P = 0.04; 

95% CI 1.0, 18.7) (Table 4.2). 

 

DISCUSSION 

 

While participants in this trial were veterinary students, we hypothesize results to be no 

worse when extrapolated to dairy producers.  Our early year DVM students were likely 

much less familiar with both cattle handling as well as injection technique, compared to 

dairy producers or staff on dairy farms.  We would therefore expect motivated dairy 

producers’ success rates after either form of training to be higher than that of our naïve 

participants. 

 

Differences in performance were seen between the two groups, despite the hands-on 

group having only practiced their technique on a single horn bud. The only exception to 

the advantage of the hands-on group was the tendency of the online group to perform 

better in the written quiz. Although all information from the online module was presented 

to the hands-on participants, online learners could go over this information at their own 

pace, and could review it as many times as they chose to. This may have helped the 

online group to solidifying their background knowledge. 

 

Although rubric scoring was developed to improve consistency in scoring among 

participants, it is still somewhat arbitrary in design.  We found a significant association 

between likelihood of failure of the cornual nerve block and a lowered cornual nerve 

block technical score, which supports the use of our rubric scoring system as a valid 

measure of success.  That said, an effect of evaluation itself may have affected 

participants’ behaviour (Hawthorne effect); we were required by our Research Ethics 
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Board to inform participants that we would intervene during the trial if there was a 

danger of injury to either themselves or the calf.  Consequently, a lack of our intervention 

may have made apprehensive participants more confident that, if nothing else, they were 

not going to harm the calf.  It is possible this effect was not equal between treatment 

groups. 

 

While there was no significant difference (P = 0.13) between the online and hands-on 

group with respect to unsuccessful cornual nerve blocks, we feel the number of failures in 

the online group indicates an important difference which should be confirmed in a larger 

trial with the power to detect this difference.   This said, the success rate for the online-

trained group (75 %) was still considered quite high, especially considering that this was 

the first cornual nerve block the participants had ever performed.  Differences in self-

confidence prior to evaluation were seen between the two groups, with online learners 

rating their confidence significantly lower. This lack of self-confidence is postulated to 

be a result of the lack of skill, but the opposite might also be true.  That is, online 

learners’ skill level may not differ from hands-on trainees, but a lack of confidence may 

result in a timid approach resulting in poorer evaluation scores. Online learners had a 

tendency to increase their confidence score after evaluation, resulting in post-evaluation 

scores that did not differ between groups. This highlights the importance of the hands-on 

nature of the evaluation for the online group, but also indicates that the disadvantage of 

being trained online was not insurmountable; even practicing on a single horn bud was 

enough to substantially increase their confidence level.  Online participants may take less 

time and be more proficient at the technique with increasing practice attempts.  In reality, 

producers would likely have multiple calves to disbud at one time, and it is likely that 

their success after online training would improve after practicing on multiple calves.  As 

evidence of block success or failure is fairly obvious, producers will also receive almost 

immediate feedback, and can use this to further refine technique or choose to seek 

additional help if not consistently successful. 

 

CONCLUSIONS 
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The majority of dehorning or disbudding performed on-farm is by cautery (7,8), which 

requires application of a cornual nerve block, in addition to NSAID administration, to 

provide adequate pain control (16,18,19).  While local anesthetic is inexpensive, lack of 

familiarity with technique is likely an important barrier preventing more dairy producers 

from adopting use of this medication.  (Readers are also reminded that the dispensing of 

these medications for use by producers require a valid VPCR; however, it should also be 

noted that all dairy farms in Canada are required to have an ongoing relationship with a 

licensed veterinarian, with a valid VPCR and written prescriptions for any off-label drug 

use (13).)    

 

This trial showed hands-on training to be a highly effective method of teaching cornual 

nerve block and cautery disbudding technique, even when done with very limited practice 

opportunities and naïve participants.   Online learning may be suitable as an adjunct to 

hands-on training, or as a resource to refresh skills of those who may not perform this 

task routinely. While online training is not recommended as a sole method of instruction, 

in the absence of available hands-on training it may be a suitable alternative method.     
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Table 4.1: Mean rubric scores, time taken to completion of cornual nerve block and 
disbudding, and mean self-confidence scores (1 – 5; 1 = very unconfident, 5 = very 
confident) for participants trained by online tutorial compared to those with hands-on 
training. 
 
Variable Online training Hands-on training 

Mean score 95 % CI Mean score 95 % CI 
Theory & technique   
Written score 4.8  4.7, 5.0 4.4  4.0, 4.8 
Handling score 3.1 2.7, 3.5 3.7  3.4, 4.0 
Block score 2.3 1.7, 2.6 2.5  2.1, 2.9 
Disbud score 2.7 2.4, 2.8 2.9  2.8, 3.1 
   
Time taken   
Block time (sec) 68 57, 77 51  41, 61 
Disbud time (sec) 69  50, 88 36  23, 49 
Total time (sec) 126 100, 153 87  67, 106 
   
Self-confidence    
Pre-evaluation  3.2 2.9, 3.3 3.8  3.5, 4.1 
Post-evaluation  4.3  3.8, 4.5 4.4  4.0, 4.7 
Change in score  1.1  0.8, 1.4 0.5  0.2, 0.9 
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Table 4.2: Univariable associations of rubric scores, time to completion, and self-
confidence scores (1 – 5; 1 = very unconfident, 5 = very confident) with online training 
(hands-on training as the referent group).   
 
Variable Odds ratio1 

Hazard ratio2 
P 95% Confidence 

interval 
    
Theory & technique1    
Written score 4.7 0.06 0.9, 23.6 
Handling score 0.2 0.02 0.03, 0.7 
Block score 0.1 0.05 0.01, 1.0 
Disbud score 0.1 0.05 0.01, 1.0 
    
Time to completion2    
Block application 0.5 0.04 0.2, 1.0 
Disbudding  0.3 0.05 0.2, 0.7 
Total  0.4 < 0.01 0.2, 0.8 
    
Self-confidence score1    
Pre-evaluation  0.1 < 0.01 0.01, 0.4 
Post-evaluation  0.6 0.48 0.2, 2.4 
Change in score 4.4 0.04 1.0, 18.7 
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Figure 4.1:  Kaplan-Meir survival function showing time to completion for 
administration of corneal nerve block for hands-on trained participants (solid line) as 
compared to online-trained participants (dashed line).  
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Figure 4.2:  Kaplan-Meir survival function showing time to completion for disbudding 
iron application for hands-on trained participants (solid line) as compared to online-
trained participants (dashed line).  
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COMPARISON OF ONLINE, HANDS-ON, AND A COMBINED 

APPROACH FOR TEACHING CAUTERY DISBUDDING TECHNIQUE 

TO DAIRY PRODUCERS 
 

ABSTRACT 

 

The use of pain control for disbudding and dehorning is important from both an animal 

and industry perspective.  Best practices include the use of local anesthetic, commonly 

given as a cornual nerve block (CNB), and a non-steroidal anti-inflammatory drug 

(NSAID). The proportion is decreasing, but many dairy producers do not use local 

anesthesia, perhaps in part due to lack of knowledge of the CNB technique. Although this 

skill is typically learned in person from a veterinarian, alternative methods may be useful. 

The objective of this trial was to determine if there were differences in the efficacy of 

online training (n = 23), hands-on training (n = 20), and a combined approach (n = 23) for 

teaching producers to successfully administer a CNB and disbud a calf. The primary 

outcome was block efficacy, defined as a lack of established pain behaviours during iron 

application. Secondary outcomes were background knowledge (assessed by a written 

quiz), CNB and disbudding technique (evaluated by rubric scoring), time taken, and self-

confidence before and after evaluation. Associations between training group and outcome 

were assessed with logistic regression, ordered logistic regression, and Cox-proportional 

hazard models, with a random effect for workshop.  Block efficacy was not different 

between training groups, with 91 % successful in both combined and online groups, and 

75 % in the hands-on trained group.  Online learners had poorer technical scores than 

hands-on trainees.  The combined group was not different from hands-on.  Time to block 

completion tended to be longer for the online group (62 ± 11 sec), while time to 

disbudding completion was not different between hands-on (41 ± 5 sec) or combined 

trainees (41 ± 5 sec).  The combined group had the highest pre-evaluation confidence 

score, and after evaluation remained higher than online but was not different than hands-

on.  While we saw some statistical differences between groups, absolute differences were 

small and block efficacy was similar.  This suggests online training can be a useful tool 

for motivated producers who lack access to hands-on training. 
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INTRODUCTION 

 

Almost all dairy operations in North America perform disbudding or dehorning (Adams 

et al., 2015) to ensure the safety of caregivers and other animals (Stock et al., 2013).  On 

75 % of farms these procedures are performed by the producer or farm staff, with the 

remainder using a veterinarian or veterinary technician (Winder et al., 2016).  Cautery 

disbudding is used by 70 – 88 % of dairy producers in North America (Vasseur et al., 

2010; Adams et al., 2015; Winder et al., 2016).   

 

Appropriate pain control for cautery disbudding involves the use of a local anesthetic, 

commonly given as a cornual nerve block (CNB) and a non-steroidal anti-inflammatory 

drug (NSAID) (Stafford and Mellor, 2011; Stock et al., 2013).  While administration of 

these medications in some countries requires veterinary supervision, in the United States 

and Canada it is common for these medications to be prescribed by the herd veterinarian 

for on-farm use.  In a 2014 sample taken by the US National Animal Health Monitoring 

System (NAHMS), less than one third of producers used pain control for disbudding or 

dehorning (Adams et al., 2015).  In Canada, use of pain control for dehorning is a 

requirement of the mandatory and enforced proAction Animal Care program, which 

begins in September, 2017 (Dairy Farmers of Canada, 2015).  While increasing industry 

pressure may be partly responsible for the apparent increase in use of local anesthetic in a 

recent survey in Ontario, 38 % of dairy producers still do not use local anesthetic for 

these practices (Winder et al., 2016).  Outside of program requirements, painful 

procedures are seen as a key welfare issue for the dairy industry by stakeholders (Robbins 

et al., 2015; Ventura et al., 2015). 

 

While local anesthetic is inexpensive, application of a CNB does require technical 

training on location of landmarks and injection technique in order to be successful.  Lack 

of knowledge of how to perform this technique may partially explain why some 

producers do not adopt this form of pain control.  Producers’ perceived ability to 

implement a change is a key element to the adoption of new management strategies 
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(Ritter et al., 2017).   This skill is typically acquired in person from a veterinarian, but 

several demonstration videos also exist online.  While a more personal approach can be 

tailored to an individual producer’s needs, and be more likely to result in motivating 

change (Ritter et al., 2017), not all producers have access to, or desire, individual 

training.  To effectively reach all remaining dairy producers who do not currently provide 

local anesthesia for disbudding or dehorning, multiple forms of education and outreach 

may be beneficial.  Eighty-nine percent of Canadian dairy producers reported accessing 

information for dairy farming through online resources (2014 Canadian National Dairy 

Study, unpublished data). Providing resources regarding appropriate administration of 

pain control for disbudding may be useful as a sole means of education, or preliminary to 

accessing individualized training from a veterinarian.   

 

Our research group developed an interactive, online training module to teach how to 

administer a CNB, as well as properly disbud a calf using a small diameter thermal 

disbudding iron (Portasol®; Elmira, Oregon, USA).  In a trial of veterinary students who 

had no prior experience giving a CNB, the online module was surprisingly effective, such 

that 75 % of participants trained only online were able to administer an effective CNB 

without help (Winder et al., 2017).  However, this was numerically less effective than the 

hands-on trained group (100 % success), and online-trained participants reported lower 

confidence and took more time to perform the technique (Winder et al., 2017).   

 

The primary objective of this study was to determine if an online training module is as 

effective as hands-on training for teaching dairy producers to successfully perform a 

cornual nerve block and disbud a dairy calf under twelve weeks of age with a small 

diameter thermal disbudding iron (Portasol®; Elmira, Oregon, USA).  Our hypothesis 

was that online-trained participants would be less successful compared to hands-on 

learning.  A secondary objective was to determine if a combined approach of online and 

hands-on learning was more effective than hands-on training alone.  We hypothesized 

that this combined approach would be more successful than hands-on training alone. 
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MATERIALS AND METHODS 

 

Experimental methods were approved by both the University of Guelph Research Ethics 

Board’s Certification of Ethical Acceptability of Research Involving Human Participants 

(REB#16-12-618) and by the University of Guelph Animal Care Services (AUP#3461). 

Calves in the study were housed on commercial farms as well as the University of 

Guelph Dairy Research and Innovation Center (Elora, Ontario, Canada). The study took 

place between January 2016 and January 2017. 

 

Sample size 

 

Sample size was calculated with the primary outcome being cornual nerve block efficacy.  

Based on our similar trial with veterinary student participants (Winder et al., 2017), we 

estimated 70 % success in the online trained group and 95 % success in the hands-on 

group, with a probability of type I error of 0.05 and power of 0.80.  Based on this, we 

aimed to recruit 50 participants with 25 in the online group and 25 in the hands-on group.  

 

Participants  

 

Five one-day workshops were conducted for this trial.  Members of the Ontario 

Association of Bovine Practitioners were contacted via email to recruit veterinary clinics 

interested in hosting a workshop on a client’s farm.  Two workshops were completed in 

which participants were recruited by their herd veterinarian.  Three additional workshops 

were held at the University’s research dairy, where participants were recruited through a 

dairy producer magazine advertisement.  Participants could not have had experience 

performing a cornual block, which was confirmed when contact was made with them to 

provide details of the workshop.   

 

Demographic information 
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When participants arrived to the workshop, they were asked to complete a short written 

survey consisting of four questions with free-text responses:  

 

1.) Are you the person responsible for disbudding/dehorning calves on your farm;  

2.) What method is currently being used to disbud/dehorn calves;  

3.) At what age range are calves disbudded/dehorned on your farm; and  

4.) Why did you choose to attend today’s workshop?   

 

Responses to the question on reasons for attending the workshop were read by the first 

author (CBW) iteratively and coded, which were then sorted into themes.  Thematic 

analysis is a recognized analytic method for identifying patterns in qualitative data 

(Braun and Clark, 2006). 

 

Interventions 

 

Participant flow through the study is illustrated in Figure 1.  Participants were assigned 

randomly to either online or hands-on training prior to the workshop date.  

Approximately one week prior to the workshop, participants in the online group were 

given the uniform resource locator (URL) for an online training module to complete 

ahead of the workshop; those in the hands-on group were not given any training ahead of 

the workshop.  Online-trained participants were evaluated separately at the beginning of 

the workshop, after which they completed the same hands-on training as the hand-on 

group.  All participants were then evaluated after the hands-on training.  Those in the 

online group thus served as two groups by completing two evaluations; one after only 

online training, and the other after they had also received hands-on training.  The second 

evaluation of this group is referred to as the ‘combined’ training group.  

 

Training and evaluation protocols 

 

Online training participants were given access to an online training module developed to 

� 
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mirror the hands-on training protocol. The training module included short videos with 

audio explanations, pictures, and an optional quiz. Participants were able to view the 

online module as many times as they wished prior to evaluation day. The module can be 

accessed online at: http://bit.ly/disbudding (Articulate Storyline 2; Articulate, New York, 

NY). � 

 

Hands-on training was led by a registered veterinary technician (RVT) for four 

workshops, and the first author (CBW) for one workshop.  This followed a standardized 

protocol (see supplemental material), in which there was an introductory discussion and a 

demonstration of both the cornual nerve block and disbudding technique on one calf (two 

horn buds). Participants were then given a single horn bud each on which to practice, 

with as much help as they requested.      

 

Evaluations and outcomes  

 

All evaluations were completed by the same evaluator, with each participant evaluated 

separately.   

 

Primary outcome.  CNB efficacy was assessed during disbudding iron application, which 

occurred ten minutes after cornual nerve block completion.  A calf was considered to be 

inadequately blocked, and the participant was immediately stopped (rescued), if the calf 

performed any of the following behaviors during the first five seconds of the application 

of the dehorning iron: head shake, ear flick, foot stamp, vocalize, rear up, fall, kick, or 

tail flick. These have been used as behavioral indicators of disbudding and dehorning 

pain (Faulkner and Weary, 2000; Milligan et al., 2004; Heinrich et al., 2010) and were 

considered to indicate an inadequate local nerve block. Exceptions were made if it was 

clear the calf was avoiding flies. Rescued calves were then re-blocked by CBW or the 

RVT and the evaluation was continued. Rescues were also performed if any of the 

handling, restraint, or block techniques were considered to be unsafe for the calf or 

participant by the evaluator. Based on requirements from the Research Ethics Board, 

participants were also informed of their right to stop their participation in the study at any 
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time if they wished. Anyone who declined to complete the evaluation were also to be 

considered to have been unsuccessful in block administration (rescued). 

 

Secondary outcomes.  Evaluations included four sections: background knowledge, 

handling and restraint, CNB application, and disbudding iron application (see 

supplementary material). Background knowledge was assessed by a written quiz, which 

asked participants to identify the correct drug, volume, appropriate needle length and 

gauge, and appropriate injection site. Evaluations of calf handling, block application and 

disbudding used rubric scoring. Handling and restraint score was based on correct 

application of the halter, choice of location to tie the calf, securing the calf’s head tightly 

enough, and security of the quick-release knot. CNB technique score was based on 

correct location and the number of needle insertions. Disbudding technique score was 

based on correct location and correct duration of application of the disbudding iron on the 

skin. Time taken for blocking and disbudding was also recorded, without the participants’ 

knowledge. Participants were asked to rate their self-confidence in their ability to 

successfully block and disbud a calf on a scale of 1 (not confident) to 5 (very confident), 

both before and after the evaluation.  

 

Statistical analysis 

 

Data were entered into Microsoft Excel (Microsoft Corp., Redmond, WA) and exported 

into STATA13 (Stata/IC Version 13.1 for Mac, StataCorp, College Station, TX). 

Variables were screened and those with little variation ( < 5 %) were removed from 

further analysis.  The effect of treatment group was determined for each outcome. 

Written quiz score, pre-evaluation confidence score, CNB administration technical score, 

disbudding technical score, and post-evaluation confidence score were analyzed using 

multi-level ordered logistic regression models with a random effect for replicate.  Model 

fit was assessed by examining standardized residuals and best linear unbiased predictors 

(BLUPS) graphically for homoscedasticity and normality.  Outliers were examined to 

ensure accuracy of data but were not excluded.  A multi-level logistic model with a 

random effect for replicate (workshop) was used to determine the effect of treatment 
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group on CNB efficacy.  Model fit was assessed by examining homoscedaticity of 

Pearson residuals and homoscedasticity and normality of BLUPS.  The effect of 

treatment group on time to complete CNB administration and time to complete 

disbudding iron application was evaluated using Cox proportional hazard models with a 

fixed effect for study replicate.  The hazard ratio was used to describe the risk of 

completion of a given step (cornual block administration or disbudding iron application) 

in a given time for one group compared to another.  The proportional hazard assumption 

was assessed by the Kaplan-Meir graphs, and a non- significant test of non-zero slope by 

plotting Schoenfeld residuals over log of time.  For all tests, statistical significance was 

defined as P < 0.05 and tendencies at P < 0.10. 

 

RESULTS 

 

Fifty-four participants agreed to enroll in a workshop (8 to 14 per workshop); however, 

due to weather conditions and on-farm commitments 11 potential participants were 

unable to attend on the workshop day.  All 43 participants who arrived on the workshop 

day (6 to 10 per workshop) completed the trial; no participants declined to fully complete 

the training and evaluation components they were assigned to. 

 

Demographic information 

 

Thirty-six participants chose to complete the demographic survey.  Half stated they were 

the person currently responsible for disbudding or dehorning on their farm.  The majority 

(28/36) used cautery disbudding, three used caustic paste disbudding, and five reported 

using surgical amputation dehorning (i.e. gouging).  Mean minimum age for disbudding 

was 8 weeks (range 0 – 40; SD = 10) and mean maximum age was 14 weeks (range 3 – 

96; SD = 18).  Seven themes emerged from examination of the free text responses to the 

question asking the reason for participation in the workshop.  These themes consisted of: 

wanting to learn or refine a new skill (16), concern for pain associated with disbudding 

(3), wanting to start disbudding themselves instead of using a veterinarian (7), wanting to 

start disbudding themselves instead of another staff member (2), being told to attend the 
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workshop by their veterinarian (2), concern for proAction requirements (1), and the lunch 

which was provided at the workshop (1). 

 

Effect of treatment group on outcomes 

 

Initial screening showed handling scores contained little variation as only two 

participants did not achieve a maximum score; this variable was removed from further 

analysis.  A full description of the evaluations is available in the supplementary material. 

 

CNB efficacy.  The primary outcome of CNB efficacy was not statistically different 

among groups, with the online-trained group having 91 % success, the hands-on group 

having 75 % success, and the combined group having 91 % success (combined vs. hands-

on, P = 0.17; online vs. hands-on, P = 0.17; combined vs. online, P = 1.00).  

Interestingly, all failures in the online and combined groups were unique participants; 

that is, those who had a CNB failure after online training (n = 2) did not have a failure 

after additional hands-on training (combined group), and those who had a failure after 

combined training (n = 2) previously had a successful CNB after online training alone.  

 

Background knowledge.  Rubric scores by training group are summarized in Figure 2.  

Background knowledge was assessed by a written quiz out of 5; mean scores were 

significantly higher in the combined group (4.9 ± 0.1) compared to hands on group (4.4 ± 

0.2, P = 0.03), while the online group was not different from either (4.7 ± 0.1).  This 

model fit the data well. 

 

Technical scores.  CNB and disbudding technical scores were marked out of 3. Mean 

CNB score was lowest in the online group (2.3 ± 0.2) with the hands-on group having a 

higher score (2.6 ± 0.1, P  = 0.02) which was not statistically different from the combined 

group (2.5 ± 0.1).  A similar pattern was seen with disbudding score; the online group’s 

mean score (2.6 ± 0.1) was significantly lower than hands-on (2.9 ± 0.1, P = 0.02) and 

tended to be lower than the combined group’s mean score (2.8 ± 0.1, P = 0.08).  The 

CNB technical score model’s higher-order residuals followed a normal distribution but 
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showed signs of heteroscedasticity (residuals were not similar across all predicted values 

of the model), while the disbudding technical score model fit the data well. 

 

Confidence scores.  Self-reported confidence scores were defined as 5 being very 

confident and 1 being very unconfident, in respect to their ability to effectively 

administer a CNB and disbud a calf.  Differences in confidence score by training group 

are summarized in Figure 3. Pre-evaluation, the online group’s mean score (3.3 ± 0.2) 

was lower than the hands-on group (3.8 ± 0.2, P = 0.05).  The combined group’s mean 

pre-evaluation confidence score (4.5 ± 0.1) was significantly higher than both the hands-

on (P = 0.01) and online groups (P < 0.001).  After evaluation all group’s mean scores 

were higher, with the online (4.5 ± 0.1) and hands-on group (4.5 ± 0.2) not different from 

each other (P = 0.13) but the combined group was higher than the online (4.8 ± 0.1, P = 

0.02).  These models fit the data well. 

 

Time taken.  Time to CNB completion is illustrated in Figure 4. Risk of completion over 

a given time was lower for the online group, with a hazard ratio of 0.6 (95 % CI 0.3 – 

1.1) compared to the hands-on group (P = 0.09), and a hazard ratio of 0.6 (95% CI 0.3 – 

1.1) compared to the combined group (P < 0.05).  Risk of completion did not differ from 

the hands-on group (P = 0.78).  Median time to completion for the online group was 62 ± 

11 seconds, with an interquartile range (IQR) of 54 seconds.  The hands-on group took a 

median time of 41 ± 5 seconds with an IQR of 17 seconds, with the combined group 

taking a median time of 41 ± 5 seconds and an IQR of 30 seconds. Time to completion of 

disbudding iron application is illustrated in Figure 5.  Risk of completion over a given 

time was not statistically different between groups.  The online group took a median time 

of 76 ± 11 seconds with an IQR of 112 seconds, while the hands-on group had a median 

time of 48 ± 6 seconds with an IQR of 54 seconds, and the combined group had a median 

time of 65 ± 8 seconds with an IQR of 87 seconds. The proportional hazards assumption 

appeared valid for both models. 

 

DISCUSSION 
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The primary difference seen between our study groups was reported self-confidence; 

while online learners were able to perform an effective block as well as other groups, 

they were less confident in their ability to do so.  Therefore, although online learning 

shows promise as a tool to teach producers to perform a cornual nerve block, it should be 

noted that it does not instill the same degree of confidence as hands-on learning. 

 

Online vs. Hands-on training 

 

The success of the cornual block in our online-trained group was unexpected; although a 

similar finding was seen in our previous work with veterinary students (Winder et al., 

2017), the hands-on group still had a numerically higher success rate (75 % vs. 100 %).  

In our current study, the online group had numerically more successes compared to the 

hands-on group (91 % vs. 75 %). Despite equal likelihood of block success, online 

learners were less confident prior to evaluation, were less skilled in block application, 

and tended to take more time (an additional 20 sec) to perform the block.  Without 

technical practice, it is unlikely online training alone would confer as much confidence 

for a psychomotor skill compared to training methods which encompass hands-on 

training.  That said, motivated producers who learn this skill would typically have 

multiple calves available to practice their skills on, and the nature of the cornual block 

would ensure clear and immediate feedback on disbudding iron application, which should 

increase confidence in the majority of participants. As a result, we feel online training 

shows promise as a tool for motivated producers who lack access to hands-on training.   

 

Combined training  

 

While combined training was associated with better background knowledge and higher 

confidence prior to evaluation, neither block success nor time taken was different from 

the solely hands-on or online trained groups, and differences in technical scores were 

slight over the online group, even though the written quiz was the same one completed 

after online training.  This could indicate that there is only a small benefit in the 

additional training, conceivably since many participants achieved maximum rubric scores 
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there was little in our scoring system to evaluate differences between these groups.  The 

increase in confidence could be due to the additional training, to the additional experience 

gained practicing on a calf, or both.  It may also be in part due to familiarity with the 

evaluation procedure itself, as they had previously been evaluated after online training.  

More research is required to parse out these differences. 

 

Considerations 

 

Based on the design of the workshops, it was not possible to blind the evaluator to the 

treatment groups, and as such we attempted to make any subjective scoring as clear as 

possible by using a rubric (see supplementary material).  In addition, measuring time 

taken to complete each task and the participant’s own evaluated self-confidence were 

used to further reduce potential bias from the evaluator.   

 

While there may have been individual differences between calves which would have 

made them more or less likely to have a successful block (tractability, biology, 

experience with a previously unsuccessful block, etc.), the distribution of the calves 

throughout the trial was not a function of participant training group, with the exception 

that all evaluations of the online group were done first.  Therefore, none of those calves 

would have experienced a previous unsuccessful block.  However, these calves may have 

also been less familiar with the restraint in this group, whereas calves previously handled 

with a successful block could potentially be easier to handle.  

 

Although it was necessary to provide a formal evaluation to judge the relative success of 

the training group, to an extent, the effect of the evaluation may have influenced the 

outcomes (Hawthorne’s bias, the potential for behavioral change in response to being 

observed).  Study participants may have felt more comfortable trying out a new skill in 

the presence of the evaluator, as they were required to be informed (as per the research 

ethics board) that they would be stopped if their actions were dangerous to either the calf 

or themselves.  If the same participants were trying the technique on their own calves, 

they may have a more apprehensive approach which could influence the effect.  
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Conversely, it is also possible some participants could have felt intimidated by the 

evaluator and would be more comfortable trying a new skill on their own.  Although 

producers who were recruited for this study were required not to be currently using a 

CNB for disbudding, they may not represent all producers.  Therefore, the success of the 

online training module could in part be due to the inherent motivation to learn of the 

participants who volunteered. 

 

As we did not achieve our sample size goal, it is possible that some numerical differences 

may have achieved statistical significance had there been a larger study population.  

However, the apparent difference was smaller than expected.   

 

Internet usage is widespread among dairy producers (2014 Canadian National Dairy 

Study, unpublished data), but it should be noted that it is not universal, and broadband 

coverage is still lacking in some rural and remote communities in Canada (Canadian 

Radio-television and Telecommunications Commission, 2015).  If these areas also reflect 

those underserviced by veterinarians, this may reduce the impact of the online module.  

However, there are federal efforts to provide enhanced access to broadband internet in 

such communities (Canadian Radio-television and Telecommunications Commission, 

2015). 

 

Potential application 

 

Dairy producer’s perceptions and motivation to adopt new management strategies can 

vary substantially, and different strategies are therefore needed (Ritter et al., 2016).  

Different personality types and learning styles may mean some producers will be more 

receptive to online learning, while others may prefer a different approach.  To reach all 

non-adopters, especially those without a strong relationship with a veterinarian, the 

online learning module may have merit, including: providing an avenue for producers 

who do not wish to, or cannot, access hands-on training; allowing producers to gain 

additional knowledge in conjunction with hands-on training; providing a resource for 
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teaching a new farm employee the technique; and helping initiate discussion of 

disbudding pain control with other producers or their herd veterinarian.    

 

CONCLUSIONS 

 

Use of an online learning module resulted in a similar ability to provide an effective CNB 

when compared to a group receiving hands-on training, albeit with less confidence.  A 

combined approach increased confidence.  Marginal differences in skill level were seen 

between groups, with the hands-on and combined group having a small advantage over 

online training alone.  While best practices likely include one-on-one training with a 

veterinarian, in order to improve adoption of pain control for disbudding among dairy 

producers, the promotion of an online module may be of benefit for those who are unable 

or unwilling to access hands-on training.  Online learning alone may not be suitable for 

those lacking confidence to attempt a new technique without assistance, but may be 

valuable as an additional tool with hands-on training, to teach additional employees on a 

given farm, or as a way to foster discussion on pain control for disbudding.   
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Figure 5.1. Flow of participants through the study of methods of training dairy producers 
to perform a cornual nerve block and disbud a calf less than twelve weeks of age using a 
thermal disbudding iron (cautery). 
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Figure 5.2.  Rubric score with standard error bars for the written quiz assessing 
background knowledge (out of 5), technical score for cornual nerve block (CNB) 
application (out of 3), and technical score for disbudding iron application (out of 3), by 
training group (online trained, closed bars; hands-on trained, open bars; combined group 
(online and hands-on), cross-hatched bars).   
a,b Differences in superscript indicates P < 0.05 between training groups for a given 
outcome 
c Differences in superscript indicates P < 0.10 between training groups for a given 
outcome 
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Figure 5.3.  Self-assessed confidence score with standard error bars (out of 5; 1 = not 
confident and 5 = very confident) by training group (online trained, closed bars; hands-on 
trained, open bars; combined group (online and hands-on), cross-hatched bars).   
a,b Differences in superscript indicates P < 0.05 between training groups for a given 
outcome 
c Differences in superscript indicates P < 0.10 between training groups for a given 
outcome 
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Figure 5.4.  Kaplan-Meir survival function showing time to completion for 
administration of cornual nerve block for hands-on trained participants (solid line), 
online-trained participants (long dashed line), and those trained with a combined 
approach (short dashed line). 
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Figure 5.5.  Kaplan-Meir survival function showing time to completion for application of 
disbudding iron for hands-on trained participants (solid line), online-trained participants 
(long dashed line), and those trained with a combined approach (short dashed line). 
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CHAPTER 6: 
As previously published 
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CLINICAL TRIAL OF LOCAL ANESTHETIC PROTOCOLS FOR 

ACUTE PAIN ASSOCIATED WITH CAUSTIC PASTE DISBUDDING 

IN DAIRY CALVES 
 

ABSTRACT 

 

Caustic paste disbudding is becoming more commonplace in North America. A large 

body of work has examined pain control for cautery disbudding and surgical dehorning, 

but fewer studies have evaluated pain control for caustic paste disbudding, and results 

conflict regarding benefits of local anesthesia. In humans, the pain associated with a 

caustic, chemical burn can differ in nature, duration, and intensity compared to a thermal 

burn. The objective of this clinical trial was to evaluate the effects of either a lidocaine 

cornual nerve block or a topical anesthetic incorporated into caustic paste on the acute 

pain of caustic paste disbudding. Seventy-two Holstein-Friesian calves housed in groups 

with an automated milk feeder were enrolled into 18 replicates balanced on age and 

assigned to one of four treatments: sham (S), placebo paste and a saline cornual block; 

topical (T), a novel caustic paste containing lidocaine and prilocaine, and a saline cornual 

block; cornual block (B), commercial caustic paste and a lidocaine cornual nerve block; 

and positive (P), commercial caustic paste and a saline cornual block. All calves received 

0.5 mg/kg meloxicam SC at the time of the block. Researchers were blinded to treatment 

group.  Primary outcomes were validated pain behaviour responses and pain sensitivity 

measured by algometry. Secondary outcomes consisted of respiratory and heart rate, 

latency to approach the evaluator, play behaviour, feeding behaviour, and standing and 

lying bout characteristics. Data were analyzed using linear, Poisson, and negative 

binomial regression models. Cornual-blocked calves had less pain sensitivity to 180 

minutes after disbudding than all other groups; T and P calves had more pain sensitivity 

than S calves for the same time period. Compared to T and P calves, B and S calves had 

fewer pain behaviours until 120 minutes post-disbudding, decreased respiratory and heart 

rates, and a shorter latency to feed. S calves exhibited more play behaviour than other 

groups. Caustic paste appears to be acutely painful for at least 180 minutes, and this is 

reduced by a cornual nerve block but not by our novel paste. Because caustic paste may 
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result in a different pain experience than cautery, use of a variety of metrics assessing 

affective state, physiologic responses, and normal behaviours such as feeding and lying, 

should be included into future trials in order to help assess the welfare of calves 

disbudded by this method. We recommend that calves disbudded with caustic paste 

receive local anesthetic with a cornual nerve block as well as an NSAID to mitigate acute 

pain. 

 

INTRODUCTION 

 

Disbudding or dehorning of dairy calves is considered necessary for the safety of both 

humans and cattle (Stock et al., 2013). Dehorning refers to the removal of the horn after 

attachment of the horn bud to the skull, occurring at approximately two months of age 

(CVMA, 2010; AVMA, 2014). Although polled genetics have been introduced for all 

major dairy breeds, the use of polled dairy sires in Canada is low (Winder et al., 2016).   

 

There is evidence that disbudding is less painful than dehorning (Petrie et al., 1996; 

Stilwell et al., 2007). In Canada, veterinary and industry groups have recommended that 

disbudding be performed at less than two weeks (CVMA, 2010) or three weeks of age 

(National Farm Animal Care Council, 2009; Dairy Farmers of Canada, 2015), although 

no published peer-reviewed literature supports such cut-points. There is a large body of 

work showing benefits of both local anesthesia and systemic analgesia for surgical 

amputation or cautery methods of disbudding or dehorning (Stafford and Mellor, 2011; 

Stock et al., 2013). The use of pain control for disbudding or dehorning has been 

recommended by many veterinary groups (CVMA, 2010; AVMA, 2014). The European 

Union has legislated that local anesthesia be provided to animals disbudded or dehorned 

over four weeks of age, but there is no requirement for animals less than four weeks old 

(European Convention for the Protection of Animals kept for Farming Purposes: 

Recommendations Concerning Cattle, 1988). In Canada, pain control for dehorning will 

be an enforced industry requirement for all dairy producers beginning in September, 2017 

(Dairy Farmers of Canada, 2015).   
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Although less common than hot-iron disbudding, chemical disbudding, done by use of 

caustic paste or stick, is also used by dairy producers throughout the world (Adams et al., 

2015; Cozzi et al., 2015; Winder et al., 2016). Chemical disbudding utilizes a very 

alkaline substance (typically sodium or calcium hydroxide with a pH of 14) causing a 

chemical burn, effectively destroying the germinal tissue of the horn bud. This 

disbudding method is used in 13 % of dairy operations in Ontario (Winder et al., 2016) 

and 16 % of those in the United States (Adams et al., 2015).  Although the use of caustic 

paste is recommended by manufacturers at less than one week of age, the mean age of 

caustic paste use in the United States is 2.3 weeks (Adams et al., 2015), and 24 % dairy 

producers in Ontario using caustic paste apply this at more than four weeks of age 

(Winder et al., 2016). In the United Kingdom, caustic paste use is restricted to use under 

a week of age (Stafford and Mellor, 2005), and in New Zealand in Canada industry codes 

recommend use at less than 7 – 10 days of age (New Zealand National Animal Welfare 

Advisory Committee, 2005; Dairy Farmers of Canada, 2015). 

 

Caustic paste disbudding has been associated with reduced adoption of producer-use of 

pain control (Winder et al., 2016). Six percent of US producers using caustic paste 

reported using pain control, compared to 30 % for those disbudding with a hot iron 

(Adams et al., 2015). While there is strong evidence of the benefit of local anesthesia and 

systemic analgesia for hot-iron disbudding or surgical amputation dehorning (Stafford 

and Mellor, 2011; Stock et al., 2013), best practices to control the pain of caustic paste 

disbudding remain unclear. The nature, duration, and intensity of the pain caused by a 

chemical burn is likely different than that of a thermal burn (Bromberg et al., 1965).  

 

The utility of local anesthesia for caustic paste disbudding has been disputed; some work 

has shown an initial benefit (Morrise et al., 1995; Stilwell et al., 2009), which extends 

past the first hour if a non-steroidal anti-inflammatory drug (NSAID) is also given 

(Stilwell et al., 2009). However, in heavily sedated calves (0.2 mg/kg xylazine IV) 

Vickers et al. (2005) concluded there was no observed benefit to giving local anesthetic, 

using a ring block. The use of a lidocaine cornual nerve block, some distance from the 

horn bud, with a volume of 4 to 5 mL per side, would likely be a more appropriate 
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method of generating local anesthesia for caustic paste disbudding. Stilwell et al. (2008) 

showed that an NSAID given alone was not sufficient to control the acute pain of caustic 

paste disbudding, and the use of an opiate alone was similarly ineffective (Braz et al., 

2012). 

 

Despite the lack of robust evidence, caustic paste disbudding has been suggested to be 

one of the least painful methods for horn bud removal (Vasseur et al., 2014; von 

Keyserlingk and Weary, 2015). Caustic paste disbudding has been promoted to dairy 

producers in farm publications as a method which does not require use of pain control 

(Villarroel, 2010) with manufacturer claims that it is “less painful than hot-iron 

disbudding” (H.W. Naylor Co. Inc., 2015). These conclusions differ from a literature 

review by Stock et al. (2013) which suggests that, without the provision of analgesics, 

cautery be used over chemical methods, based on the lack of peer-reviewed research.  

Stafford and Mellor (2011) argue that the lack of an initial reaction of the calf during 

application may give a false impression of the pain associated with the procedure. 

 

Our objective was to examine the efficacy of two pain control strategies for the acute 

pain of caustic paste disbudding: a lidocaine cornual nerve block; and a novel caustic 

paste containing lidocaine and prilocaine.   

 

MATERIALS AND METHODS 

 

Animal use 

 

This trial was conducted between January and May of 2016 at the University of Guelph 

Dairy Research and Innovation Center. Use of animals and all methods for this study 

were approved by the University of Guelph Animal Care Service in compliance with 

animal use guidelines of the Canadian Council on Animal Care.   

 

Housing and management 
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Calves were housed in individual rooms containing a single group pen (9 x 5 m) with up 

to 15 animals per room/pen. Bedding was wood shavings which was cleaned daily and 

replaced weekly.  Individual pens (2.3 m2) were constructed with gates on the perimeter 

of the group pen for use during each trial day; these pens were the same pens the staff 

used to house all calves from birth until entry into the group pen at approximately 3-5 

days of age. Male and female Holstein calves were used; male calves were kept on the 

farm for at least 20 days after enrollment in the trial and female calves were kept on the 

farm as replacement animals. At birth calves were vaccinated intranasal against viral 

respiratory pathogens (Inforce 3®, Zoetis, Kirkland, Quebec) and navels were dipped 

with 2.5 % povodine-iodine. Calves were moved out of the calf rooms and into a pen in 

the free-stall barn at 9 weeks of age. Calf coats were worn by calves during the first 3 

weeks of age during colder weather; these coats were removed during the trial period in 

individual pens but were replaced when calves re-entered the group pen. 

 

Nutrition 

 

After birth and colostrum feeding, calves were moved into individual pens, and manually 

fed 2 L of milk replacer by bottle three times a day until sucking well (typically 3 to 5 

days), after which they were placed into the group pen and introduced to the automated 

milk feeder (VARIO smart, Förster-Technik, Engen, Germany). Calves were given 

access to 2 L of milk replacer every two hours with no daily limit for the first seven days 

on the feeder, with meal size increasing to 2.5 L from 7 days until 21 days, and 3 L per 

meal thereafter. Daily restrictions began at 27 days, with a 12 L limit at 27 days on the 

feeder, decreasing to 9 L per day at 32 days and staying at this level until 42 days. After 

42 days this level was slowly decreased to reach 0 L by 56 days. 

 

Calves also had use of an automated grain feeder (Förster-Technik, Engen, Germany) 

providing ad libitum access to 22 % crude protein calf starter pellets, buckets of finely 

chopped wheat straw, and a single water bowl per pen.   

 

Enrollment  
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All calves born on the university research farm during the trial period were eligible for 

the study, provided they had no abnormal findings on a physical exam by a veterinarian 

on the initial study day, and that they were not currently being treated for illness by the 

farm staff. Three calves were not enrolled; two were being treated for respiratory disease 

and the third had an audible heart murmur. 

 

Eighteen replicates were completed on separate days, with approximately one replicate 

per week. Each replicate consisted of four calves balanced by age and assigned to one of 

the four treatment groups, with every replicate containing all four treatments. Seventy-

two calves were enrolled in the trial, with 18 calves in each treatment group.   

 

Treatment groups 

 

The four treatment groups were a positive control (P), a negative sham control (S), a 

cornual block (B), and a novel product containing local anesthetic in the caustic paste 

(T). P calves were given a saline cornual nerve block (5 mL per side, sodium chloride 

injection USP 0.9 %, Bimeda-MTC Animal Health Inc., Cambridge, Ontario), 0.5 mg/kg 

meloxicam SC (Metacam 20 mg/mL Solution for Injection, Boehringer Ingelheim, 

Burlington, Ontario), and disbudded with commercial caustic paste (Dr. Naylor 

Dehorning Paste, H.W. Naylor Co. Inc., Morris, New York). S calves were given a saline 

cornual nerve block and meloxicam as described above, and sham disbudding paste was 

applied (OmniVet Pharma Inc./Philco Animal Health Inc., Kitchener, Ontario); these 

calves were not disbudded during the study. C calves were given a lidocaine cornual 

nerve block (5 mL per side, lidocaine HCl 2 % with epinephrine injection USP, Bimeda-

MTC, Cambridge, Ontario), meloxicam as described above, and disbudded with 

commercial caustic paste. T calves were given a saline cornual nerve block and 

meloxicam as described above, and were disbudded with a novel caustic paste compound 

containing 2.5 % lidocaine and 2.5 % prilocaine constituted by OmniVet Pharma 

Inc./Philco Animal Health Inc. (Kitchener, Ontario). Cornual nerve block technique was 

done by insertion of an 18-gague, 35 mm needle caudal to the eye, ventral to the temporal 
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ridge, with the injection of 5 mL per side fanned out in three directions. A full description 

of the technique is available at http://bit.ly/disbudding .    

 

Primary outcomes 

 

Algometry. Pain sensitivity was measured using a pressure algometer (Force Ten FDX 

50, Wagner Instruments, Greenwich, CT) following the protocol described by Heinrich et 

al. (2010), with a modification that calves in this trial were restrained tightly and the 

recorded reading was measured when the calf tugged against the restraint. Readings were 

taken at four points equidistant around each horn bud. The algometer was first placed 

lightly on the area before force was applied; calves with immediate reactions were re-

tested in the same site to better ensure accuracy of readings. Minimum values recorded 

by algometry were 0.5 kilograms of force (kgf) and the maximum was 5.0 kgf. Values for 

each of the eight sites were averaged to give a single value per calf for analysis. The same 

evaluator measured algometry and all other measures for all calves in this trial.    

 

Pain behaviour. A standard pain behaviour ethogram was used which consisted of ear 

flick, head shake, head rub, tail flick, foot stamp, and vocalization (Faulkner and Weary, 

2000; Milligan et al., 2004; Heinrich et al., 2010). Ear flicking was defined as the 

movement of one or both ears front and back and independent of a head shake; an ear 

flick stopped and the next one could start when the ears were at resting position. A head 

shake was defined as a rapid movement laterally of the head, which stopped when the 

head was in resting position. Head rubbing was defined as the use of the calf’s hind leg or 

any part of the pen to scratch the top of it’s head, and stopped when the calf’s leg was 

back on the ground, or when the calf stopped rubbing against the pen. Tail flicking was 

defined as a lateral, rapid movement of the tail and a new tail flick only began when the 

tail was in resting position. Foot stamping was defined as a raising and quick, firm 

bringing down of any limb. Each calf was evaluated individually for a period of two 

minutes for each observation period and behaviours were recorded live by the evaluator. 

A second observer was present at one trial replicate to determine the level of inter-

observer agreement. 
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Secondary outcomes 

 

Heart and respiratory rate. The evaluator assessed respiratory rate by observing the 

flank without entering the pen or disrupting the calf. Heart rate was assessed by 

auscultation after restraining the calf with a halter, and was done prior to algometry.  

 

Feed consumption and feeding behaviour. Data from the automated milk feeder were 

imported to Microsoft Excel (Microsoft Corp., Redmond, WA). Baseline data were 

defined as values for the 24-hour period prior to the trial day, and data from the trial day 

and the day after the trial were examined separately. Variables examined consisted of 

total milk consumed, average drinking speed, number of break-offs from the feeder, 

number of rewarded feeder visits, number of unrewarded feeder visits, and latency to 

consume milk from the feeder after re-entry to the group pen (only on the day of the 

trial).    

 

Standing and lying bouts. HOBO Pendant G data loggers (Onset Computer Corp., 

Bourne, MA) set with a 60 second recording interval were used, which have been 

validated as a measure of lying behaviour in dairy calves (Bonk et al., 2013). Loggers 

were attached vertically to the right rear leg with a cohesive bandage prior to re-entry to 

the group pen, and were removed 24 h after disbudding. Data were imported into 

Microsoft Excel (Microsoft Corp., Redmond, WA) and Y-axis values were manually 

examined with values of less than - 0.8 indicating standing and values of more than - 0.2 

indicating lying. The number of standing or lying bouts, total time spent lying or 

standing, and average lying or standing bout length were calculated.     

 

Play behaviour and grooming. During a 10-minute live observation period immediately 

following re-entry the group pen, play behaviours were recorded by the evaluator. Play 

behaviours consisted of run, buck, and head-to-head contact as described by Mintline et 

al. (2013). Run was any gait faster than a walk, and stopped when the calf resumed 

walking or halted. Buck was described as a movement when both hind hooves are lifted 
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off the ground where the legs may be kicked outwards. Head-to-head contact was any 

contact between the head or neck of two calves for one second or longer, which stopped 

when the calves no longer had contact. Self-grooming behaviours were recorded during 

the multiple 2-minute pain behaviour assessments as described above. A second observer 

was present at one trial replicate to determine the level of inter-observer agreement for 

both play and grooming behaviours. 

 

Latency to approach. Latency of calves to approach the evaluator was assessed by 

entering the pen, closing the gate, and standing quietly at the gate without looking 

directly at the calf. Time from gate closure to first contact of the calf’s nose to any part of 

the evaluator was recorded, up to a maximum of 180 seconds.   

 

Regrowth. For female calves (n = 32, 44 % of calves), horn bud regrowth was monitored 

by farm staff after weaning and reported back to the researchers. Regrowth was classified 

as either a scur or horn, based on attachment to the base of the skull and external 

appearance. Regrowth was considered as an outcome as we wanted to ensure the 

inclusion of local anesthetic agents into the modified caustic paste did not alter the 

product’s efficacy. 

 

Data collection 

 

On the day of the experimental treatment, calves were temporarily moved from the group 

pen to individual pens. Calves in the individual pens were able to see each other as well 

as the remaining calves left in the group pen, and were able to have direct contact through 

the pen gates with both the group pen and neighboring individual pens. Each individual 

pen had a water bucket but did not have access to feed. Calves were held in individual 

pens for a total of 4 hours before returning to the group pen. Calves were given one hour 

to acclimatize to the individual pen before disbudding occurred; upon entry, hair was 

clipped with bandage scissors, and a physical exam was performed. 
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Algometry was done after the physical exam in order to habituate calves to the device. At 

30 minutes after pen entry, a two-minute observation period of pain behaviours and 

respiratory rate were performed, after which baseline latency to approach was measured. 

At fifteen minutes prior to disbudding, another two-minute observation period was done 

for each calf to establish baseline pain behaviours and respiratory rate. Calves were then 

halter tied, baseline heart and algometry readings were taken, the saline or lidocaine 

cornual nerve blocks and meloxicam were given. Fifteen minutes later, disbudding was 

performed by applying a ring of petroleum jelly around the horn bud (to protect the calf 

from spread of the caustic paste), and a thin layer of caustic paste was then applied to the 

horn bud with a popsicle stick. The area covered was the horn bud and a small ring of 

tissue surrounding the horn bud; older calves had larger horn buds and therefore a larger 

area was covered. Two-minute observation periods for pain behaviours, grooming 

behaviours, and respiratory rate were then taken at 15, 30, 45, 60, 90, 120, and 180 

minutes after disbudding. At 90 minutes, latency to approach was assessed.  Calves were 

halter tied and heart rate and algometry reading were taken at 60, 120, and 180 minutes, 

after the two-minute behaviour and respiratory rate observation period. At 180 minutes, 

HOBO data loggers were placed on the rear right leg with a cohesive bandage and calves 

were let back into the group pen. After all calves were allowed into the group pen, play 

behaviour was assessed for a 10-minute period. At 24 hours after disbudding, calves were 

halter tied, HOBO data loggers were removed, and final algometry readings were taken. 

 

If calves had any paste smeared on other parts of their head, legs, body, or on parts of the 

pen during the first 180 minutes after disbudding, this was wiped from the calf or pen 

with distilled vinegar (5 % acetic acid) when the calf was next halter tied, and after all 

measures were taken for that time period. No paste was further applied after initial 

application.   

 

Sample size 

 

A sample size calculation was done a priori considering algometry as the primary 

outcome.  This was based on a difference in estimated mean of 2.5 kgf compared to 2.0 
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kgf for pain sensitivity of treatment groups (B and T calves) compared to P calves, based 

on findings from Heinrich et al. (2010), with a standard deviation of 0.5 kgf, 95 % 

confidence, and 80 % power. This value was then rounded up by two per group to 

account for possible post-hoc exclusions, resulting in culmination of the study after 18 

replicates were completed.   

 

Treatment allocation and blinding 

 

Calves in our study ranged from 2 to 32 days of age; calf age was considered as a 

potential confounding variable for the primary outcomes, and so eligible calves in each 

replicate were ordered by age and placed into the four treatment groups using pre-made 

sheets with the first replicate order of treatments randomly assigned, and subsequent 

replicates with the order of treatments changing down by one per replicate. A research 

technician, separate from the evaluator, was responsible for assigning calves to treatment 

groups and communicating this to the evaluator. The research technician randomly 

assigned each of the four treatments to a blinded treatment name (treatments 1, 2, 3, and 

4), and concealed the caustic paste type (two jars of commercial paste, one sham, and one 

novel paste containing lidocaine) by wrapping cohesive bandage around the containers 

and marking them as treatment 1, 2, 3 or 4. Except for treatment number, containers were 

identical between treatments. Lidocaine or saline cornual nerve blocks were drawn up 

into syringes (two per calf) ahead of each replicate by the research technician, and both 

the syringes and paste containers were placed in a container marked for each treatment 

group, which were then delivered to the evaluator. There was no visible difference 

between saline- or lidocaine-filled syringes. Staff on the farm responsible for the care of 

the calves were also blinded to treatment groups. The researchers remained blinded to the 

treatment groups during data analysis.   

 

Statistical analysis 

 

The evaluator utilized paper records, which were then entered into Microsoft Excel 

(Microsoft Corp., Redmond, WA) and exported into STATA13 (Stata/IC Version 13.1 
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for Mac, StataCorp, College Station, TX). Descriptive statistics were reviewed and all 

continuous data (respiratory rate, heart rate, pain behaviour, feed consumption, and 

latency to approach) were assessed for normality. Pain behaviours were examined 

individually for the most common behaviours observed (head shake, head rub, tail flick), 

and those with no observed or few observed (< 5 %) behaviours were discarded from 

further analysis (ear flick, foot stamp, and vocalization).   

 

For outcomes with repeated measures (algometry, pain behaviours, heart rate and 

respiratory rate, grooming), a mixed model for each outcome was built, with baseline 

data as a covariate and calf as a random effect. For continuous, normally distributed data 

(algometry, heart and respiratory rate), a linear model was used, and for count data (head 

rub, head shake, tail flick, groom, and a sum of the three pain behaviours), Poisson and 

negative binomial models were built, with the negative binomial model used if the over-

dispersion term was significant. The effect of treatment on outcome was tested, as well as 

a first order interaction term for treatment by time. Significant treatment by time 

interactions were found for all models, and therefore the effect of treatment on outcome 

was stratified by time, with single-level models used for each time point.   

 

For point in time outcomes (feed consumption, standing and lying bouts, play behaviour, 

latency to approach, and horn regrowth), single-level models were used. For continuous 

data (total milk consumed, average drinking speed, latency to feed, total time spent 

standing or lying, average time spent standing or lying, and latency to approach the 

evaluator) linear regression models were used with a fixed effect for baseline data for 

total milk consumed, average drinking speed, and latency to approach the evaluator 

outcomes. For count outcomes (number of breakoffs, number of rewarded feeder visits, 

number of unrewarded visits, number of standing or lying bouts, and total play 

behaviours) both Poisson and negative binomial models were built, with fixed effects 

used for baseline data for number of breakoffs and number of rewarded and unrewarded 

feeder visits. The negative binomial model was used if the over-dispersion term was 

significant.  Zero-inflated models were built if there was a large number of zero counts in 

the data. For all models, the effects of age (in days), sex, and first-order interaction terms 
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between treatment and age, and treatment and sex, were offered to the model and retained 

if significant. 

 

Head rubs, head shakes, and tail flicks were the most commonly seen pain-associated 

behaviours; foot stamps were not seen, and vocalization and ear flicks were seen in less 

than 5 % of calves.  For the former three behaviours, counts typically were between 0 and 

10 for each two-minute observation period. A similar pattern of treatment effect on mean 

number of behaviours at each time point was seen for all three pain behaviours, but there 

were many time points where the sham group had means of zero behaviours. Zero 

inflated negative binomial models were either unstable or did not converge. In order to 

capture the essence of the data, the three behaviours were summed to generate a total of 

pain behaviours which was then analyzed.  

 

Although only one person conducted the evaluations for this trial, we added a second 

observer for one replicate to determine inter-observer agreement for pain, grooming, and 

play behaviours was determined generating Spearman’s rank correlation coefficient for 

each of the outcomes (head rub, head shake, tail flick, groom, and total play behaviours 

(run, buck, and head-to-head contact)). The level of agreement was considered acceptable 

if the Spearman’s rank value was greater than 0.90. This was done in order to better 

determine the validity and reproducibility of the behavioural recording. 

 

RESULTS 

 

Age and sex 

 

Calf age ranged from 2 to 32 days on the day of disbudding, and mean age (16 ± 0.8 

days) did not differ significantly between groups. Thirty-two female calves and 40 male 

calves were used.    

 

Primary outcomes 
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Algometry. Mean baseline algometry scores before treatment were not significantly 

different by treatment group (2.8 ± 0.1 kgf). There was no significant effect of age or sex 

on algometry scores. Algometry scores by treatment group over time are described in 

Figure 6.1. At sixty minutes after paste application, B calves had a mean score of 4.4 kgf 

(SE = 0.2), higher than all other groups (P < 0.001).  T (1.0 kgf, SE = 0.1) and P (1.0 kgf, 

SE = 0.2) calves were lower than S calves (2.0 kgf, SE = 0.1) (P < 0.001) for this time 

point. This effect continued to 120 minutes (B calves 3.7 kgf, SE = 0.3; S calves 1.8 kgf, 

SE = 0.1; T and P calves 0.9 kgf, SE = 0.1) and 180 minutes (B calves 3.0 kgf, SE = 0.3; 

S calves 1.9 kgf, SE = 0.1; T calves 1.0 kgf, SE = 0.1; P calves 0.8 kgf, SE = 0.1). At 

twenty-four hours post disbudding, mean scores were similar, with T calves tending to 

have lower scores than B or S calves (P < 0.10) (B calves 2.1 kgf, SE = 0.2; S calves 2 

kgf, SE = 0.1; P calves 1.9 kgf, SE = 0.1; T calves 1.6 kgf, SE = 0.1). 

 

Pain behaviours. Head rubs, head shakes, and tail flicks were the most commonly seen 

pain-associated behaviours; foot stamps were not seen, and vocalization and ear flicks 

were seen in less than 5 % of calves. For the former three behaviours, counts typically 

were between 0 and 10 for each two-minute observation period. There was no significant 

effect of age or sex on pain behaviours. Total of these three pain behaviours is presented 

in Figure 6.2. At fifteen minutes after caustic paste application, P and T calves showed 

more pain behaviours (P < 0.001) than S or B calves (P calves 9.9, SE = 1.8; T calves 

7.7, SE = 1.8; B calves 0.3, SE = 0.2; S calves 0.2, SE = 0.2). This effect of P and T 

calves showing more pain behaviours than S or B calves was similar at 30 minutes (P < 

0.001), 45 minutes (P < 0.001), and 60 minutes (P < 0.05).  At 120 and 180 minutes, 

mean pain behaviours were not different by treatment group.   

 

Secondary outcomes 

 

Heart rate. Mean initial heart rate (128 ± 2 beats per minute) did not differ by group. 

There was no effect of age or sex on heart rate. Differences in mean heart rate by 

treatment group over time are presented in Figure 6.3. At 60-minutes after paste 

application, pulse rate was higher for P (164, SE = 6) and T (162, SE = 8) calves 
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compared with S (122, SE = 6) (P < 0.001) and B (132, SE = 4) (P < 0.01) calves.  B 

calves tended to be higher than S calves (P < 0.10). At 120-minutes, T calves (157, SE = 

5) were higher than B (129, SE = 6) or S (120, SE = 5) calves (P < 0.01), and not 

different from P calves (151, SE = 8). P calves had higher pulse rates than S calves (P < 

0.01) but only tended to be higher than B calves (P < 0.10). At 180-minutes, there were 

no statistical differences between P (150, SE = 4), T (140, SE = 7), or B (137, SE = 5) 

calves, and these three groups were all higher than S calves (122, SE = 5) (P < 0.05).   

 

Respiratory rate. Mean initial respiratory rate (36 ± 1 breaths per minute) did not differ 

by group. There was no effect of age or sex on respiratory rate. Mean differences in 

respiratory rate by treatment group are presented in Figure 6.4. At 15-minutes after paste 

application, respiratory rate was higher in P (46, SE = 3) and T (38, SE = 2) calves 

compared to S (32, SE = 2) or B (32, SE = 2) calves (P < 0.05). This effect was similar at 

30 and 45-minutes, with P and T calves having higher respiratory rates than S or B calves 

(P < 0.05). By 60-minutes, P (45, SE = 3) and T (38, SE = 3) calves were higher than S 

(31, SE = 2) (P < 0.05), with B (36, SE = 3) calves having a lower respiratory rate than P 

calves (P < 0.05) but not differing statistically from S or T calves.   

 

 Feed consumption and feeding behaviour. Milk feeder data were missing for seven 

calves; results are presented for the remaining 65 calves. No statistical differences in total 

amount consumed, average drinking speed, number of milk feeder breakoffs, or number 

of rewarded or unrewarded visits were seen by treatment group for either the day of 

disbudding or the following 24-hour period. Milk consumption was not different by day, 

with a mean of 10 L consumed (SD = 3 L) per day. Mean number of rewarded visits was 

8 ± 0.4 over the three days, with mean 2 ± 0.4 unrewarded visits per day. Latency to feed 

was measured following introduction back into the group pen at 180 minutes after 

disbudding. S calves mean time to drink (16 ± 4 minutes) was not statistically different 

from B calves (40 ± 16 minutes), but S calves tended to drink sooner than T (58 ± 22 

minutes) or P (60 ± 17 minutes) calves.  
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Standing and lying behaviour. For the time period between entry into the group pen and 

24 hours after disbudding, no statistical differences were seen between treatment groups 

for number of standing or lying bouts, total time spent standing or lying, or percentage of 

time spent standing or lying. Calves had a mean of 17 ± 0.5 lying bouts, with 74 % of 

their time spent lying. 

 

Play behaviour. For the 10-minute observation period after re-entry into the group pen, S 

calves had more play behaviours (9.2 ± 2.0) than other groups (B, 4.1 ± 1.2; P, 3.8 ± 1.6; 

T, 3.3 ± 1.6) (P < 0.001), and younger calves also played more (- 1.0 ± 0.2 play 

behaviours per increase of 10 days of age, P < 0.001).  

 

Grooming behaviour. Grooming behaviours were infrequent; less than half the calves 

displayed grooming behaviours at any time point. No effect of age or sex was seen on 

grooming  behaviour. The number of grooming behaviours in each 2-minute observation 

window ranged from 0 to 5. At 15 minutes after paste application, T calves (1.0, SE = 

0.3) had more self-grooming behaviours than S (0.2, SE = 0.1) or B (0.1, SE = 0.1) calves 

(P < 0.01). P calves (0.5, SE = 0.2) had more grooming than B calves (P < 0.05) and 

tended to have more than S calves (P < 0.10). At 30-minutes after paste application, P 

calves (0.5, SE = 0.2) tended to have more grooming behaviours than B calves (0.2, SE = 

0.2) but were not different from T calves (0.3, SE = 0.2). No S calves showed grooming 

behaviour at this time point. After 30-minutes, grooming behaviours were less frequent 

(group means of 0 – 0.2 per 2-minute observation period) and no statistical differences 

were seen between groups. 

 

Latency to approach. Baseline latency to approach the evaluator was 81± 9 seconds, 

while latency to approach at 90 minutes after paste application was 125 ± 8 seconds (SD 

= 68). No differences were seen between treatment groups.   

 

Regrowth. Regrowth after weaning was seen unilaterally in 6 calves (of 32 heifers, 20%), 

and all were determined to have scurs as opposed to full horn growth. One calf was from 

treatment P, two from treatment B, and three from treatment T.   
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Inter-observer agreement 

 

Spearman rank correlation coefficient values were 0.96 for grooming behaviour, 1.00 for 

head rubbing, 0.96 for head shake, 0.92 for tail flick, and 1.00 for play behaviour (run, 

buck, and head-to-head contact). 

 

Adverse events 

 

A 21-day old female calf from treatment group B developed a mild conjunctivitis after 

rubbing the caustic paste into her eye at 30 minutes after disbudding; this was wiped from 

the skin near the eye and the eye flushed immediately. Interestingly, the calf had 

exhibited only two head rub behaviours at this time point (in contrast, several calves 

exhibited up to 10 or more behaviours in one observation period, without causing harm to 

themselves). At the next observation time point (45-minutes) the calf exhibited no head 

rub or shake behaviours. The conjunctivitis resolved within 24 hours. 

 

DISCUSSION 

 

In order to avoid a potential confounding effect of age with treatment, we assembled 

replicates to balance on age by sequential allocation that shifted between replicates. 

While not completely randomized, we maintain our inferences are representative as there 

was no predictability on treatment the calf was assigned. The research team also 

remained blinded to treatment allocation during both the study and data analysis.     

 

This study found that, without the provision of local anesthetic and analgesia, caustic 

paste disbudding is acutely painful for at least 3 h following application. This is similar to 

previous findings (Morrisse et al. 1995; Stilwell et al., 2008). The use of a 5 mL lidocaine 

(with epinephrine) cornual nerve block and injectable meloxicam appears to effectively 

controls this pain, while our novel caustic paste containing 2.5 % lidocaine and 2.5 % 

prilocaine did not. 
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Efficacy of a cornual nerve block and meloxicam 

 

The use of a cornual nerve block in our study appeared to be effective for the control of 

acute pain caused by caustic paste disbudding. Compared to the positive control group 

(P), calves in group B had lower respiratory rates and higher algometry scores, lower 

heart rates, and less pain behaviours for 1.5 to 3 h after paste application. There were 

considerably fewer pain behaviours for B than for P or T calves. Skin desensitization 

after a cornual nerve block with lidocaine has been shown to range from 107 to 512 

minutes (mean of 304 minutes) (Fierheller et al., 2012), and therefore at 180-minutes 

some calves in our study were beginning to regain sensation. In work examining the 

effect of a local block with and without flunixin meglumine, Stilwell et al. (2009) found 

differences in pain behaviours between calves that received lidocaine or lidocaine and 

flunixin meglumine as early as 40 minutes after disbudding. Fewer differences in pain 

behaviours were seen between the cornual blocked calves and the sham control groups in 

our study compared to that of Stilwell et al. (2009), and this may perhaps be a result of 

the use of lidocaine with epinephrine, possibly extending block duration. Although we 

did not see an effect of age on pain behaviours, mean age of calves in our study was 

younger than that of Stilwell et al. (2009). 

 

Our findings are in contrast to Vickers et al. (2005), which may have been confounded by 

their application of local anesthetic as a ring block, and this is supported by the findings 

in their sham disbudding groups. In our study, neither S nor B groups showed a 

substantial number of pain behaviours throughout the observed time period. Further work 

on local anesthetic given to control the pain of caustic paste disbudding should focus on a 

cornual block; we question any benefit of a ring block over a cornual nerve block, as it 

requires eight to ten total injections (Fierheller et al., 2012) which, based on shallow 

needle depth is likely more difficult to apply to a non-sedated calf than a cornual nerve 

block. The efficacy of a weak acid (local anesthetic agent) in the tissue surrounding the 

horn bud may be disrupted by the application of the alkaline paste, and additionally the 

needle insertions into the tissue could also impact the effect of the paste. Compared to a 
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cornual nerve block, a ring block also has a significantly lower mean duration of 

anesthesia (147 minutes compared to 304 minutes; Fierheller et al., 2012). Although a 

cornual nerve block requires some technical training, recent work by our research group 

has shown this can be taught to producers effectively through a short hands-on training 

session (Winder et al., in press).   

 

Efficacy of the novel caustic paste and meloxicam 

 

The novel caustic paste containing 2.5 % lidocaine and 2.5 % prilocaine did not appear to 

be effective at controlling the pain of caustic paste disbudding in our study; pain 

behaviours, algometry measures, and heart rate did not differ between these calves and 

the positive control group (P) during any time points. The anesthetic in the novel paste is 

similar to the composition of the eutectic mixture of local anesthetics (EMLA) cream 

(Astra-Zeneca Canada Inc., Ontario, Canada) for desensitization of the skin in humans. 

While the use of EMLA cream was found to be ineffective for desensitizing the horn 

buds of calves (Fierheller et al., 2013), even when applied up to 90 minutes prior to 

testing, our hypothesis was that the anesthetic agents in the caustic paste might work at 

deeper tissue levels as the paste penetrated the skin. Conceivably, another combination of 

anesthetic agents may be able to desensitize the tissue as the paste penetrates, although 

the extremely alkaline nature of the caustic paste poses a challenge for the stable 

inclusion of acidic anesthetic agents. 

 

Efficacy of meloxicam given alone 

 

While it has been shown that chemical disbudding is acutely painful when no pain control 

is given (Morisse et al., 1995; Stilwell et al., 2008), it is uncommon for North America 

dairy producers to use an anesthetic or analgesic when disbudding calves with this 

method (Adams et al., 2015; Winder et al., 2016). The work by Vickers et al. (2005) is 

often used as a reason that local anesthesia is not required for this method. In addition, 

the delayed pain response and promotion of this method as less painful than cautery may 

partly explain why producers are reluctant to adopt pain control practices for caustic 
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paste disbudding. The differences seen between our sham control group (S) and the 

positive control (P) indicates that caustic paste disbudding is indeed acutely painful, even 

though both groups received injectable meloxicam. The lack of efficacy of an analgesic 

alone to control acute pain is consistent with that of Stilwell et al. (2008) using flunixin 

meglumine, and Braz et al. (2012) using an injectable opiate. The sham group’s mean 

number of pain behaviours was very low, and not different from baseline at all time 

points, which is different from Vickers et al. (2005) who found their local anesthetic 

protocol which included a ring block, following sham disbudding, was associated with 

more pain behaviours than in calves without local anesthetic, even though all calves were 

heavily sedated.  

 

Play and feeding behaviour 

 

While our primary outcomes were algometry scores and pain behaviours, we also 

explored a range of secondary outcomes, including play as an indicator of positive well-

being. As less is known about the experience of pain in calves disbudded with caustic 

paste, it is important in caustic paste trials to examine multiple indicators of welfare. We 

saw more play behaviour in sham calves than all disbudded groups. This differs from 

Mintline et al. (2013), where differences between local anesthetic alone and local 

anesthetic with NSAID were seen in calves disbudded with a hot iron. Mintline et al. 

(2013) used a separate pen from the calves’ home pen, bedded deeply with fresh straw, 

where calves were tested with a companion. This is likely to have encouraged play as 

compared to our study in which calves were re-entered into their home pen without new 

bedding. That sham calves played more indicates a more positive affective state, which is 

similar to the conclusion from Neave et al. (2013) where even with some pain control 

(calves were disbudded with a hot-iron, given a lidocaine cornual nerve block and 

xylazine, but not an NSAID), calves subject to disbudding experienced negative 

judgment bias. Differences in total milk consumption, drinking speed, or meal size were 

not found between groups, despite the high feeding rate. However, a difference was seen 

in latency to drink from the automated feeder upon entry to the pen, where sham 

disbudded calves tended to drink sooner than positive controls or topically treated calves 
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(P or T), while cornual blocked calves’ latency was intermediate. Sham calves were 

generally more active upon entry to the group pen, both drinking sooner and playing 

more. Standing and lying behaviour was not seen to be different among groups. Although 

our sample size may not have been large enough to capture differences in these secondary 

outcomes, it is also possible the effect of the NSAID (given to all groups) had begun to 

mitigate differences among the three disbudded groups at these later time points.    

 

Considerations 

 

The mean age of calves in our study (2.6 weeks) is comparable to the age reported by 

caustic paste users in the 2014 NAHMS survey (2.3 weeks) (Adams et al., 2015), 

however, caustic paste is generally recommended at a younger age than this. Although 

age was not seen to have a significant effect on any outcomes aside from play behaviour, 

the trial was not designed to explore the impact of calf age. More research is needed to 

evaluate pain behaviour and expression in very young calves. 

 

Movement of the calves to individual pens was necessary in order to more easily assess 

measures which required restraint. While we ensured calves spent one hour in the pens 

prior to application of paste, and while the pens were located within their home pen, it is 

possible their expression of pain may have been different had they continued to stay with 

their group. The direction of this potential effect is unknown, but is expected to be similar 

for all calves.  

 

Calves in the cornual blocked group showed less sensitivity to pressure at the horn site 

for three h after compared to their sham counterparts; algometry may therefore be used as 

a less invasive measure of cornual block efficacy than the needle-prick test, which could 

be less acceptable in a caustic paste trial as needle holes may change the experience of 

pain on paste application in unsuccessful or unblocked groups. 

 

CONCLUSIONS 
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Caustic paste disbudding appears acutely painful for at least 3 h after application, as 

assessed by changes in heart and respiratory rate, pressure sensitivity to the horn bud, and 

established pain-associated behaviours consisting of head shake, head rub, and tail flick. 

The use of a cornual nerve block effectively mitigated this pain for the duration of our 

study, while the novel caustic paste containing local anesthetics did not. We recommend 

calves disbudded with caustic paste be given a cornual nerve block to mitigate acute pain, 

in addition to an NSAID. Future work should be done to test the repeatability of the 

efficacy of a cornual nerve block, and should incorporate multiple measures of welfare to 

ensure that the experience of pain in calves disbudded with caustic paste is assessed 

adequately. Larger trials examining a possible confounding effect of calf age on 

disbudding should also be done, as current recommendations for disbudding before 

specific ages remain to be validated.   
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Figure 6.1:  Mean (± SE) algometry score relative to disbudding with caustic or sham 
paste.  Positive control group (commercial caustic paste and saline cornual nerve block) 
(solid line with closed circular markers); topical anesthetic delivered in a novel caustic 
paste (novel caustic paste containing 2.5 % lidocaine and 2.5% prilocaine, and saline 
cornual block)  (dashed line with closed triangular markers); cornual nerve block 
(commercial caustic paste and 5 mL per side lidocaine (with epinephrine) cornual nerve 
block) (dotted line with open square markers); and sham group (placebo paste and saline 
cornual nerve block) (dashed and dotted line with closed square markers).  All groups 
received the saline or lidocaine cornual nerve block as well as injectable meloxicam (0.5 
mg/kg SC) at 15 minutes prior to disbudding.  
a,b,c Differences in superscripts reflect differences between treatment groups (P < 0.05) for 
a single time point. 
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Figure 6.2:  Mean (± SE) total pain behaviours (head shake, head rub, or tail flick) in a 2-
minute observation period by treatment group with standard error bars plotted by time in 
minutes relative to disbudding with caustic or sham paste.  Positive control group 
(commercial caustic paste and saline cornual nerve block) (solid line with closed circular 
markers); topical anesthetic delivered in a novel caustic paste (novel caustic paste 
containing 2.5 % lidocaine and 2.5% prilocaine, and saline cornual block) (dashed line 
with closed triangular markers); cornual nerve block (commercial caustic paste and 5 mL 
per side lidocaine (with epinephrine) cornual nerve block) (dotted line with open square 
markers); and sham group (placebo paste and saline cornual nerve block) (dashed and 
dotted line with closed square markers).  All groups received the saline or lidocaine 
cornual nerve block as well as injectable meloxicam (0.5 mg/kg SC) at 15 minutes prior 
to disbudding. 
a,b,c Differences in superscripts reflect differences between treatment groups (P < 0.05) for 
a single time point. 
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Figure 6.3:  Mean heart rate (beats per minute) (± SE) by treatment group with standard 
error bars plotted by time in minutes relative to disbudding with caustic or sham paste.  
Positive control group (commercial caustic paste and saline cornual nerve block) (solid 
line with closed circular markers); topical anesthetic delivered in a novel caustic paste 
(novel caustic paste containing 2.5 % lidocaine and 2.5% prilocaine, and saline cornual 
block) (dashed line with closed triangular markers); cornual nerve block (commercial 
caustic paste and 5 mL per side lidocaine (with epinephrine) cornual nerve block) (dotted 
line with open square markers); and sham group (placebo paste and saline cornual nerve 
block) (dashed and dotted line with closed square markers).  All groups received the 
saline or lidocaine cornual nerve block as well as injectable meloxicam (0.5 mg/kg SC) at 
15 minutes prior to disbudding.  
a,b,c Differences in superscripts reflect differences between treatment groups (P < 0.05) for 
a single time point. 
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Figure 6.4:  Mean respiratory rate (breaths per minute) (± SE) by treatment group with 
standard error bars plotted by time in minutes relative to disbudding with caustic or sham 
paste.  Positive control group (commercial caustic paste and saline cornual nerve block) 
(solid line with closed circular markers); topical anesthetic delivered in a novel caustic 
paste (novel caustic paste containing 2.5 % lidocaine and 2.5% prilocaine, and saline 
cornual block) (dashed line with closed triangular markers); cornual nerve block 
(commercial caustic paste and 5 mL per side lidocaine (with epinephrine) cornual nerve 
block) (dotted line with open square markers); and sham group (placebo paste and saline 
cornual nerve block) (dashed and dotted line with closed square markers).  All groups 
received the saline or lidocaine cornual nerve block as well as injectable meloxicam (0.5 
mg/kg SC) at 15 minutes prior to disbudding.  
a,b,c Differences in superscripts reflect differences between treatment groups (P < 0.05) for 
a single time point. 
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CHAPTER 7: 

GENERAL CONCLUSIONS 
 

While polled genetics may one day be widespread in the gene pools of the major dairy 

breeds, disbudding will remain a common and necessary management procedure for 

many years.  It is in the interest of both dairy calves and the dairy industry as a whole to 

provide the best possible pain control practices for disbudding.  To achieve this, we 

require ample, well-designed primary research to establish the effects of pain mitigation, 

including testing novel solutions and furthering our understanding of the impact of pain 

on calf well-being, as well as synthesis of this knowledge.  Equally needed are sufficient 

research and extension efforts to understand why those responsible for this task choose to 

use or not to use pain control, and how to best partner with them in order to drive positive 

change. 

 

This research aimed to contribute to understanding of how best to address pain associated 

with disbudding, by synthesizing research with regard to pain control for cautery 

disbudding, exploring current Canadian dairy industry disbudding and dehorning 

practices, adding to the limited research concerning caustic paste disbudding, and 

exploring the use of an online tool to help teach administration of a cornual nerve block.    

 

The first objective was to perform a systematic review and meta-analysis on the effects of 

local anesthesia and/or analgesia (with an NSAID) on pain associated with cautery 

disbudding.  A Journal of Dairy Science website editorial noted ‘considerable variation in 

the recommendations’ regarding pain control for these practices (Journal of Dairy 

Science, 2017).  While several narrative reviews having been published in the past 

(Stafford and Mellor, 2005; 2011; Stock et al. 2013), no systematic reviews have been 

conducted.  Indeed, systematic reviews are uncommon in research on animal pain, and 

some of those done have identified several areas for improvement in study design, data 

collection, and reporting (Dzikamunhenga et al., 2014).  Use of a systematic review not 

only provides a more standardized, reproducible summary of current evidence than a 

narrative review, but also serves to identify gaps in knowledge and the degree, or lack, of 
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homogeneity among reported interventions and outcomes, which could inform future 

research designs and study reporting.  Overall, there was a protective effect of local 

anesthesia, although a delayed cortisol rise occurred at 4 h post-disbudding.  The use of 

an NSAID in addition to local anesthesia had a protective effect on pain behaviour, 

plasma cortisol concentration, and pressure sensitivity.   This effect was seen after the 

duration of the effect of the local anesthetic, and mitigated the delayed cortisol rise when 

no NSAID is given.  However, based on the heterogeneity between studies comparing 

NSAID and local anesthesia to local anesthesia alone, it was not possible to estimate the 

exact nature of the effect nor its duration. 

 

The second objective was to survey dairy producers and veterinarians in Ontario to 

determine current practices for the disbudding and dehorning of dairy calves and contrast 

these findings with similar surveys done ten years earlier.  Previous work surveying 

veterinarians has shown widespread (but not total) adoption of local anesthetic, but low 

levels of reported use of NSAID (Huxley and Whay, 2006; Misch et al., 2007; Hewson et 

al., 2007; Fajt et al., 2011). Surveys of pain control use among dairy producers in North 

America show that less than half report using a local anesthetic, and few or none report 

use of an NSAID (Hoe and Ruegg, 2006; Misch et al., 2007; Fulwider et al., 2008; 

Vasseur et al., 2010).  Differences between surveys may be a result of regional variation 

and it is not easy to discern if practices have changed over time in any given population.  

While our study was not longitudinal, our findings suggest improvement has been made 

in the use of pain control for disbudding and dehorning in Ontario since a comparable 

measurement by Misch et al. (2007), although more work is needed to reach full adoption 

of NSAID by veterinarians and both local anesthetic and NSAID by dairy producers.  

Veterinary involvement in the dairy herd was associated with improved pain control use, 

shown both through statistical modeling and also direct reporting by respondents.  While 

producers and veterinarians appeared to view pain similarly, there were large ranges in 

both populations’ scores, similar to previous work (Huxley and Whay, 2006; Hewson et 

al., 2007; Lavan et al., 2009).  This was most pronounced with caustic paste disbudding, 

perhaps reflecting the lack of consensus in both the scientific literature and industry 

recommendations. 
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The third objective was to evaluate the efficacy of an online training module to teach 

proper cautery disbudding technique, including administration of a cornual nerve block, 

to both veterinary students and dairy producers.  Administration of an NSAID is 

uncomplicated, and typically through an oral, IM, or SC route.  Local anesthetics are 

quite inexpensive (approximate cost of less than $1 CAD per calf), but proper 

administration of a cornual nerve block requires some technical skill.  Motivation to 

adopt of pain control may stem from many factors, but producers’ perceived ability to 

implement change is essential (Ritter et al., 2017), and knowledge of appropriate cornual 

nerve block technique may be an important roadblock to use of this pain control 

modality.  Although most producers who currently use local anesthetic have learned this 

skill one-on-one from their veterinarian, non-adopters were less likely to have regular 

veterinary involvement in their herd, and may benefit from different resources.  Both 

studies exploring the use of an online tool to teach proper disbudding technique, 

including application of a cornual nerve block, found the tool to be surprisingly 

efficacious, with some small differences in technical score and confidence, but overall a 

similar level of performance.  That said, these studies were limited both by the inherent 

motivation of participants to sign up for the workshops, as well as the intrinsic effect of 

the workshops themselves (participants may have felt more confident in the workshop to 

try a new skill compared to alone, or conversely, they may have felt intimidated by the 

evaluation and would be more comfortable alone).  The former can be reconciled with 

limiting the findings of these studies to motivated producers only, while also noting that 

the producers who participated do reflect a segment of current non-adopters of local 

anesthesia for disbudding.  It is difficult to conclude what the effects of the latter are, 

although presumably if producers are provided with other resources in addition to the 

online tool, including training from their veterinarian or veterinary technician, this may 

help ensure access for those who require additional support. 

 

The final objective was to evaluate the efficacy of two local anesthetic protocols on the 

acute pain associated with caustic paste disbudding in dairy calves.  Unlike cautery 

disbudding, few studies have been conducted to evaluate the effects of pain control for 
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caustic paste.  Those which have been conducted conflict with regard to the benefit of 

local anesthesia.  Work by both Morrise et al. (1995) and Stilwell et al. (2009) show an 

initial benefit to providing local anesthesia, with this extending past the first hour if an 

NSAID is also given (Stilwell et al., 2009).  Conversely, Vickers et al. (2005) reported no 

benefit of local anesthesia, and suggested it may be contraindicated in calves undergoing 

caustic paste disbudding, as numerically more pain behaviours were seen compared to 

those without local anesthetic.  Our clinical trial examined the effect of two local 

anesthetic protocols (in addition to NSAID administration) and found a cornual nerve 

block to be effective at mitigating pain in the first three hours following paste application, 

while a novel concoction of local anesthetic agents in the caustic paste itself did not show 

any benefit.  This work adds to the literature by providing additional evidence for the 

benefit of local anesthesia (provided by a cornual nerve block) and NSAID for caustic 

paste disbudding, while suggesting the lack of an effect found in the work by Vickers et 

al. (2005) may be due to the differences in how and where the local anesthetic was 

administered; a ring-block, used by Vickers et al. (2005), but not in other studies 

(Morrise et al., 1995; Stilwell et al., 2009; current study) may be responsible for the 

apparent discrepancy in results. 

 

Future directions 

 

As the Canadian dairy industry moves forward with animal care initiatives such as 

proAction, and as the public becomes more interested in, and aware of, practices on farm, 

it becomes increasingly important to accurately and reliably track adoption of these 

practices on farm, including exploration of what drives producers to change practices, 

and what factors play a role in non-adoption of best practices.  The 2015 National 

Canadian Dairy Study provided an initial benchmarking on disbudding methods and pain 

control use (which had similar results to those described in Chapter 3 of this thesis); 

replications of this study should continue to include a section on disbudding practices.  In 

addition, qualitative-methods research with adopters and non-adopters to explore 

motivations behind practices could serve to inform extension efforts and further research 

into how best to motivate change on farm.  Recent work has shown that much of 
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veterinary-to-farmer communication is directive in nature, and may not be as useful for 

eliciting change as adopting more relationship-centered communication techniques, such 

as motivational interviewing (Scrase et al., 2015; Bard et al., 2017).  Exploring how these 

techniques can be coupled with existing extension efforts may help to reach producers 

who have yet to adopt best practices, which based on the meta-analyses conducted in 

Chapter 2, should include a local anesthetic and NSAID. 

 

More research on caustic paste disbudding is warranted, especially in light of some 

industry misconceptions in regards to relative painfulness of the procedure, and the 

unknown impact of calf age.  Further research to solidify the effects of both local 

anesthesia and NSAID administration would be useful, as well as trials comparing calves 

of a similar age, with best pain control practices, to both cautery and chemical disbudding 

methods.  Studies with sufficient power to examine the effect of calf age would be useful, 

as current Canadian industry recommendations regard calf age remain unsupported by 

peer-reviewed literature.   

 

It would behoove authors of primary studies to remember that the amount, quality, and 

combinability of data is what drives the ability to conduct a meta-analysis, as well as the 

overall reliability and precision of the effect estimate. Inclusion of numerical data in 

addition to figures should be considered for all primary research. Scientific journals 

which do not currently require authors and reviewers to follow reporting guidelines 

should reconsider their stance. For clinical trials in livestock species, use of The 

REFLECT Statement (O’Connor et al., 2010) could help better ensure quality 

information is available to end users.   

 

Overall, we confirmed that local anesthetic and NSAID are indeed best practices for 

cautery disbudding, and our primary study added weight to the evidence for this protocol 

to be effective for caustic paste as well.  While improvements in adoption of best 

practices by veterinarians and dairy producers in Ontario have been made over the past 

decade, more is needed to reach full compliance with industry requirements.  The 

efficacy of an online teaching module to teach cautery disbudding technique was 
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demonstrated, and this can be a useful tool in addition to one-on-one training when 

attempting to reach the remaining portion of the dairy industry who does not currently 

use pain control for disbudding. 
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Appendix 2.1: Protocol for a systematic review: Effects of local anesthesia and/or 
systemic analgesia on pain caused by cautery disbudding in calves.  Published online 
with the University of Guelph Atrium on April 26, 2017 
(http://hdl.handle.net/10214/10324) and also available via Systematic Reviews for 
Animals and Food (SYREAF) (http://www.syreaf.org/contact/). 
 

Protocol for a systematic review: Effects of local anesthesia and/or systemic 
analgesia on pain caused by cautery disbudding in calves 
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Abstract 
Background 
Use of pain control for disbudding calves is an important welfare concern in the dairy 
industry, but variations in recommendations may be partially responsible for the lack of 
full adoption of anesthesia and analgesia by both dairy producers and veterinarians.  
Although narrative reviews on the use of pain control have been published, there have 
been no systematic reviews. This protocol describes a review of the effects of the use of 
local anesthesia and analgesia (using a non-steroidal anti-inflammatory drug (NSAID)) 
on the pain of cautery disbudding in calves.  Cautery disbudding is currently the most 
commonly used method in North America of preventing horn growth, used by over three-
quarters of dairy producers.   
Methods 
Intervention studies describing cautery disbudding in calves twelve weeks of age or 
younger are eligible for inclusion, provided they compare the intervention of either: local 
anesthesia, NSAID, or local anesthesia and NSAID, to one or more of either: local 
anesthesia, NSAID, or no pain control.  Eligible outcomes consist of serum cortisol, pain 
behaviours (one or more of: ear flick, head shake, head rub, tail swish, foot stamp, or 
vocalization), or horn bud sensitivity (e.g. measured by algometry or von Frey 
monofilaments).  Outcomes must be measured within the first four hours after 
disbudding.  The search strategy will use the Agricola, Medline (via OvidSP), and Web 
of Science databases, as well as the Searchable Proceedings of Animal Conferences (S-
PAC), ProQuest Dissertations and Theses Database, and Open Access Theses and 
Dissertations. If more than two studies report the same outcome at a similar time point, 
meta-analysis will be conducted, with subgroup analysis or meta-regression, if 
heterogeneity is present and an appropriate number of studies is found.  
Discussion 
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This review will function to systematically summarize the body of evidence for the 
effects of local anesthesia and NSAID administration on pain caused by cautery 
disbudding in calves. 
Keywords 
Systematic review, disbudding, cautery, pain, anesthesia, analgesia, calves 
 
 
Background 
Pain control for the disbudding or dehorning of cattle is a key animal welfare issue in the 
dairy industry (Ventura et al., 2015). Although there are no systematic reviews on this 
topic, narrative reviews have been published (Stafford and Mellor, 2005; 2011; Stock et 
al. 2013).  The Journal of Dairy Science has identified ‘considerable variation in the 
recommendations’ regarding pain control for these practices (Journal of Dairy Science, 
2017).  Perhaps accordingly, full compliance has not been achieved by either producers 
or veterinarians in North America with regard to the use of local anesthetic and a non-
steroidal anti-inflammatory drug (NSAID), which is the current industry and veterinary 
groups’ recommendation regarding pain control (Canadian Veterinary Medical 
Association, 2010; American Veterinary Medical Association, 2015; Dairy Farmers of 
Canada, 2015).  Although arresting horn growth can be done by surgical amputation, 
cautery, or use of chemical methods, cautery disbudding remains the most commonly 
used method by dairy producers in North America, with 89, 70, and 77 % reporting use in 
the United States, Ontario, Canada, and Quebec, Canada, respectively (Vasseur et al., 
2010; Adams et al., 2015; Winder et al., 2016). A systematic review examining the 
effects of these pain control practices for the most common method of disbudding 
(cautery) on pain in calves would serve as a stronger form of evidence for the effects of 
these practices than narrative reviews, and may help guide future requirements or 
regulations.  It will also identify gaps in this body of literature and the degree, or lack, of 
homogeneity among reported interventions and outcomes, which should serve to inform 
future research designs and study reporting. 
 
Methods 
Study registration 
This protocol is archived in the University of Guelph Library online repository and 
published online with Systematic Reviews for Animals and Food (SYREAF).   
 
Review question 
This review seeks to fully explore the effects of local anesthesia and/or NSAID on pain 
caused by cautery disbudding in calves.  Disbudding refers to the removal or destruction 
of the horn bud tissue prior to attachment to the base of the skull, which occurs at 
approximately two months of age.  Cautery disbudding is performed by use of a hot iron 
(typically electric or gas-powered) applied to the tissue causing a third-degree burn to 
effectively destroy the germinal tissue; depending on the diameter of the cautery iron, it 
can be used on horn buds or horns up three months of age.   
 
Eligibility criteria 
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Primary study design, characteristics, and population. This review will encompass 
primary intervention studies available in English, including both randomized and non-
randomized clinical trials.  Observational study designs are not eligible for inclusion.  
Studies using bovine calves 12 weeks of age or less who are undergoing cautery 
disbudding with no concurrent painful procedures are eligible for inclusion.  Concurrent 
painful procedures are defined as one or more of castration, branding, or any surgical 
procedure.   
 
Intervention and comparator groups. Eligible studies must have included at least two of 
the following experimental groups: no pain control given, local anesthetic alone, NSAID 
alone, or local anesthetic and NSAID.   
 
Outcome measures. Many outcomes have been used in disbudding studies as indicators 
of pain.  For inclusion in this systematic review, studies must include one of the 
following outcomes, measured at one or more time points within four hours following 
disbudding:  serum cortisol, pain behaviours (one or more of: ear flick, head shake, head 
rub, tail swish, foot stamp, and vocalization), or sensitivity of the horn bud (e.g. measured 
by an algometer or von Frey monofilaments).   These outcomes were chosen based on 
consideration of their use in the body of literature as well as their acceptability to act as a 
proxy for the experience of pain.     
 
Information sources & search strategy 
Search terms are listed in table 1, with the controlled vocabulary option used where 
available.  Electronic searches will be completed using Agricola, Medline (via OvidSP), 
and Web of Science databases.  Grey literature will be searched to find unpublished data 
using Searchable Proceedings of Animal Conferences (S-PAC) as well as ProQuest 
Dissertations and Theses Database and Open Access Theses and Dissertations.  The 
literature search will be conducted in April, 2017, and limited to English language 
publications.  Search results will be uploaded to EndNoteX7™ (Clarivate Analytics; 
Philadelphia, PA, United States) and duplicate results documented and removed.  No 
restriction on publication date will be placed aside from that of the database (Agricola, 
1970; Medline, 1950; Web of Science, 1900; S-PAC, 1935; ProQuest, 1997; Open 
Access, 1990).  Ten relevant studies will be pre-selected by TFD and search results will 
be checked to ensure these studies are included.  If not, the search strategy will be 
modified and reported as a protocol deviation.  A research librarian with the University of 
Guelph was consulted on the search strategy (AMV). 
 
Study selection 
Studies will be exported from EndNoteX7™ into DistillerSR® (Evidence Partners Inc.; 
Ottawa, ON, Canada) for two rounds of screening.  A primary round will be conducted 
independently by CLM and CBW, assessing title and abstract for relevance using the 
following questions: 
 

1.) Does the title and/or abstract describe a primary intervention study? 
2.) Does the title and/or abstract describe a study involving calves disbudded by 

cautery? 
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3.) Does the title and/or abstract describe one or more of the following intervention 
groups: local anesthetic, NSAID, or local anesthetic and NSAID? 

 
Studies will be excluded if both reviewers agree the study does not fulfill one or more of 
these descriptions.  An ‘unclear’ option will also be used for all questions, with the study 
proceeding to full text screening if all answers are either ‘yes’ or ‘unclear’.  Conflicts 
between inclusion and exclusion by the two reviewers will be resolved by consensus and 
mediated by TFD if a decision cannot be reached.  Secondary screening will be 
conducted on the full text of remaining studies by CLM and CBW independently, using 
the initial three questions plus the following questions: 
 

4.) Does the study describe one or more of the following comparator groups: local 
anesthetic, NSAID, or no pain control? 

5.) If xylazine (or other sedative) is given, is it given to both intervention and 
comparator group? 

6.) Does the study examine at least one of the following outcomes within the first 
four hours after disbudding: serum cortisol, pain behaviours (at least one of: ear 
flick, head shake, head rub, foot stamp, or tail swish), or horn bud sensitivity 
(including, but not limited to, measurements by algometer or von Frey 
monofilaments) 

 
Studies will be excluded if both reviewers say “no” to one of the previous questions; 
conflicts will be resolved by consensus and mediated by TFD if a decision cannot be 
reached.  Study citations and reasons for exclusion at this stage of screening will be 
recorded.  Primary screening (questions 1-3) of title abstracts will be pilot tested 
independently by CLM and CBW on the first 100 studies identified by the initial search 
of Medline (via OvidSP) (Table 1).  Full text screening (questions 4-6) will be pilot tested 
independently by CLM and CBW on four studies pre-selected by TFD.    
 
Data extraction 
Data from studies meeting the study selection criteria will be independently extracted by 
CLM and CBW, and a standardized form created for data extraction will be pre-tested on 
four studies pre-selected by TFD.  Data extraction will be conducted by CLM and CBW 
independently, and discrepancies will be resolved by consensus and mediated by TFD if a 
decision cannot be reached. 
 
Study level data will consist of year published and study period (date or season). 
Population characteristics will consist of: breed, production type, housing system, 
commercial or research farm, mean age, sex (male, female, or mixed group), disbudding 
method (including disbudding iron type), and disbudding operator (producer, 
veterinarian, researcher, etc.).  Intervention group (including any sham control group) 
data will consist of, for each drug given: drug name, concentration, dose (in mg, mL, or 
mg/kg), technique (e.g. cornual nerve block) or route (e.g. IM, IV, SC), and timing 
relative to disbudding iron application.   
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Serum cortisol. Outcomes will be extracted as continuous measures with the mean for 
each treatment group and standard deviation. If this is not available, measures of 
association will be collected, with standard error or 95 % confidence interval, and if a 
statistical model is used, all additional variables included will be recorded.  The number 
of animals in each treatment group will be collected, as well as total number of sampling 
time points (within the first four hours), the time points relative to disbudding, and if 
catheterization or venipuncture was used to obtain samples.  If available, data will be 
extracted for each measurement time point individually.  If this is not available, and area 
under the curve or an overall mean difference (mean per group) is reported, these data 
will be extracted for descriptive purposes, but not used for meta-analysis.   
 
Pain behaviours. For all individual pain behaviours (ear flick, head shake, head rub, tail 
swish, foot stamp, and vocalization), outcomes will be extracted as continuous measures 
with mean and standard deviation values for each treatment group. If this is not available, 
measures of association will be collected, with standard error or 95 % confidence 
interval, and if a statistical model is used, all additional variables included.  If data on 
pain behaviours are recorded for multiple time periods, the data will be extracted for each 
time period, up to four hours following disbudding. If pain behaviours are only available 
as a sum of several behaviours, these data will be extracted and the type of behaviours 
summed will be recorded.  Data at individual time-points are preferred; if only summed 
data for several time-points exists, this will be extracted but will not be used in the meta-
analysis. The number of animals in each treatment group will be collected, as well as 
total number of observation periods (within the first four hours), the time of the 
observation period relative to disbudding, the length of observation periods, and if 
observation was done live or by video recording.   
 
Horn bud sensitivity. Horn bud sensitivity will be extracted as continuous measures with 
mean and standard deviation values for each treatment group.  If this is not available, 
measures of association will be collected with standard error or 95 % confidence interval, 
and if a statistical model is used, all additional variables included.  If data are recorded 
for multiple time periods, the data will be extracted for each time period, up to four hours 
following disbudding. The number of animals in each treatment group will be collected, 
as well as total number of evaluation time points (up to four hours following disbudding), 
and the type of measurement (e.g. algometry, von Frey monofilaments), and 
measurement time relative to disbudding.  Data from individual time points is preferred, 
but if only summed data from multiple time points is available, it will be collected but not 
used for meta-analysis. 
 
Risk-of-bias assessment 
Assessment of bias will be done independently by CLM and CBW, and pilot tested by 
CLM and CBW on the same four pre-selected studies chosen by TFD chosen for data 
extraction testing.   Disagreements will be resolved by consensus and mediated by TFD if 
a decision cannot be reached.  Risk of bias will be assessed using the Cochrane 
Collaboration’s tool for assessing risk of bias in randomized trials (Higgins et al., 2011), 
modified by also including an assessment of reporting of randomization (in addition to 
random sequence generation).  Risk of bias will be assessed for each outcome class 
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(serum cortisol, pain behaviours (as a group) and horn bud sensitivity), and reported 
alongside the forest plot (if meta-analysis is conducted). 
 
Data synthesis 
If more than two studies report the same outcome at a similar time point and/or period 
utilizing the same comparison groups, meta-analysis will be conducted.  ‘Similar time 
points’ are pre-defined as not more than ten minutes’ difference during the first seventy 
minutes after disbudding, and within twenty minutes after this time.  ‘Similar time 
period’ applies to pain behaviour observation windows, the larger of which is no more 
than 150 % of the smaller window.  Time points or periods with greater differences than 
described above will be considered different outcomes. If more than one outcome 
measure was reported within a similar time period for a single study, the time point 
closest to the mid-point of the similar time period will be used for the meta-analysis.  
This will ensure that observations within a similar time period are independent.  For 
outcomes that are measured on the same continuous scale, mean differences will be used.  
If different scales are used (e.g. ear flicks per 10 minutes and ear flicks per 15 minutes), 
mean differences will be divided by standard deviation to generate a standardized mean 
difference.  Meta-analysis will use a random effects approach, and weighting of primary 
studies will done using the inverse variance method.  Heterogeneity between studies will 
be assessed with the Q-test and I2 statistic. Heterogeneity will be explored via sub-group 
analysis and/or meta-regression, if enough studies are found for a single outcome.  A sub-
group analysis is planned for those with and without the use of xylazine sedation for each 
intervention comparator group (if there are at least three studies in each group). For 
treatment group comparisons of outcomes lacking at least two studies, data will be 
reported as a narrative synthesis.   
 
Presentation of results 
Details of the study populations, intervention groups, and outcomes assessed will be 
presented in a summary table.  If meta-analyses are possible, results will be presented by 
intervention comparison group (local anesthetic v. no pain control; NSAID v. no pain 
control; local anesthetic and NSAID v. no pain control; local anesthetic and NSAID v. 
local anesthetic; local anesthetic and NSAID v. NSAID) with a summary effect measure 
and forest plot.  Results from each study will be summarized using GRADE guidelines 
(Guyatt et al., 2011) assessing indirectness, imprecision, risk of bias, inconsistency, and 
risk of publication bias, by intervention comparison group, with absolute risk at baseline 
garnered from the median risk in the control groups (no pain control given) in all studies 
included in the meta-analysis.  
 
Risk of bias at the review level 
If ten or more studies are found for a single outcome, a funnel plot (effect estimate by 
inverse of standard error) will be used to visually assess potential for publication bias. 
 
Discussion 
This review will function to systematically summarize the body of evidence for the 
effects of local anesthesia and NSAID administration on pain caused by cautery 
disbudding in calves.  
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Table 1.  Initial search strategy conducted in Medline (via OvidSP) on 03/22/17. 
# Search terms Results 
1 calf OR calves OR cattle OR bovine OR dairy OR beef OR 

Holstein OR Friesian OR Jersey OR ruminant 
467 438 
 

2 disbud* OR dehorn* OR cautery OR electric OR rhinehart 
OR rhinehardt OR iron OR portasol OR express OR buddex 
OR propane OR butane OR torch 

611 226  
 

3 1 and 2 12 853  
4 freezing OR numbing OR local OR anesthetic OR 

anaesthetic OR lidocaine OR block OR bupivacaine OR 
lignocaine OR NSAID OR metacam OR meloxicam OR 
flunixin OR banamine OR ketoprofen OR anafen OR non-
steroidal anti-inflammatory OR anti-inflammatory OR 
analgesia OR pain control OR pain mitigation OR 
meclofenamic acid OR phenylbutasone OR bute OR 
carprofen OR salicylic acid OR ASA OR aspirin OR 
naproxen OR tolfenamic acid OR metamizaole sodium 

1 277 043  
 

5 3 and 4 666  
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Appendix 2.2: Summary of the 54 studies excluded at full text screening with reasons for 
exclusion in the systematic review. 
 

REF. ID First author Year Type Reason for exclusion 
114 Faulkner 2000 Abstract Data are in published paper 
228 Forehand 2001 Abstract Data are in published paper 
241 Duffield 2004 Abstract Not enough data 
359 Stock 2013 Abstract No comparator group  
403 Neave 2012 Abstract No comparator group 
432 Morin 2009 Abstract No appropriate outcomes 
644 Smith 2003 Abstract No outcomes 
744 Millman 2000 Abstract Not enough data 
815 Stock 2009 Abstract Data are in a published paper 
881 Allen 2013 Thesis Data are in published paper 
891 Baldridge 2010 Thesis Amputation dehorning 
941 Glynn 2012 Thesis Amputation dehorning 

1004 Mosher 2014 Thesis Amputation dehorning 
1032 Petrie 1994 Thesis Data are in published paper 
1071 Tapper 2011 Thesis No comparator group 
1075 Topp 2015 Thesis No appropriate outcomes 
1106 Stock 2015 Thesis Duplicate  
1117 Tapper 2011 Thesis No comparator group 
1135 Heinrich 2007 Thesis All data are in published papers 
1304 Mathias 2016 Abstract No comparator group 
1360 Voss 2015 Paper Language 
1366 Caray 2015 Paper No comparator group 
1397 Wareham 2015 Other Not a primary study 
1560 Mehne 2013 Paper Language 
1787 Baldridge 2011 Paper Amputation dehorning 
2051 Bergen 2008 Abstract Not a primary study 
2181 Kahrer 2008 Paper Language 
2259 Heinrich  Abstract Data are in published paper 
2400 Schwartzkopf 2005 Paper No intervention group 
2664 Sutherland 2002 Paper Amputation dehorning 
2946 McMeekan 2011 Paper Amputation dehorning 
3595 Boandl 1989 Paper Duplicate  
3630 Bates 2016 Paper No outcomes 
3632 McMeekan 1999 Paper Amputation dehorning 
3667 Stock 2014 Paper No comparator group  
3691 Glynn 2013 Paper Amputation dehorning 
3700 Sutherland 2013 Paper Amputation dehorning 
3720 Sutherland 2006 Abstract Not enough data 
3808 Stewart 2007 Paper No outcomes 
4210 Bates 2016 Paper Duplicate  
4222 Stock 2015 Paper Duplicate  
4223 Caray 2015 Paper No comparator group 
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REF. ID First author Year Type Reason for exclusion 
4227 Bates 2015 Paper No outcomes 
4232 Clapp 2015 Paper No outcomes 
4239 Hokkanen 2014 Paper No comparator group 
4260 Ballou 2013 Paper Amputation dehorning 
4262 Huber 2013 Paper Duplicate  
4266 Theurer 2012 Paper No outcomes 
4304 Stewart 2009 Paper No outcomes 
4338 Vickers 2005 Paper No comparator group 
4349 Sutherland 2002 Paper Amputation dehorning 
4352 Sutherland 2002 Paper Amputation dehorning 
4369 McMeekan 1998 Paper Amputation dehorning 
4382 Morisse 1995 Paper Duplicate  
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Appendix 3.1: Veterinary survey 
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Appendix 3.2: Dairy producer survey 
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Appendix 4.1: Protocol for training: Student disbudding trial.  
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Appendix 4.2: Disbudding evaluation 
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Appendix 4.3: Disbudding quiz 
 

 
 
 
 

Disbudding	Quiz	

	
1.)	What	medication	is	used	to	provide	local	anesthetic	(cornual	nerve	
block)	for	disbudding	in	calves?	

	

	

_____________________________________________________________	

	

2.)	What	volume	of	this	medication	would	you	use	(in	mL)	per	side?	
	

	

_____________________________________________________________	

	

3.)		What	needle	gauge	and	length	would	you	select	to	give	a	cornual	nerve	
block	in	calves?	

	

	

______________________gauge																______________________length	
	

	

4.)	Draw	an	X	on	the	picture	of	the	calf	
where	you	would	place	your	block	

(injection	site)	

	

	

	

	

	

	

	

	

	

5.)	On	a	scale	of	1-5,	how	confident	are	you	in	your	ability	to	perform	a	

cornual	nerve	block/disbud	a	calf	correctly?			

(1=very	unconfident,	5=very	confident)	

	

_____________________________________________________________	
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Appendix 5.1. Protocol for training: Producer disbudding trial. 

 

 
 

 

Protocol	for	Training	
	

	

**	Participants	may	choose	to	stop	participating	at	any	time	**	

	

Background	Discussion	
	

Discuss	reasons	for	dehorning	

- safety	of	other	animals,	people	

- carcass	damage	

	

Discuss	appropriate	methods	

- less	invasive	when	done	as	young	as	possible	

- less	painful	when	done	non-surgically	(not	gouging)	

- local	anaesthetic	reduces	pain	response	short	term	(2-3	hours)	

- NSAID	(meloxicam)	reduces	pain	response	for	days	(~44	hours)	

	

	
Demonstration	
	

Step	1	–	handling	(demonstration)	

- correct	application	of	halter	

- tie	in	appropriate	location		

- tie	tight	enough	to	restrict	movement	

- correct	knot	(no	slipping)	

	

Step	2	–	local	anaesthetic	(demonstration,	one	calf/two	horn	buds)	

- discuss	product	(lidocaine)	and	volume	(5mL/side)		

- needle	length	and	gague	(18g	x	1.5”)	

- correct	location	for	injection	

o all		participants	should	palpate	area	for	block	

- correct	injection	technique	(withdrawl,	reposition)	

- discuss	time	for	lidocaine	to	take	effect	

	

Step	3	–	NSAID	injection	

- correct	injection	volume	

- correct	injection	location	

	

Step	4	–	preperation	(demonstration)	

- trimming	of	hair	around	horn	bud	

- all	participants	should	palpate	horn	buds		

	

Step	4	–	disbudding	(demonstration,	one	calf/two	horn	buds)	

- correct	location	of	portasol	

- correct	length	of	time	on	skin,	pressure	

Practice	Calf	(1	x	horn	bud	per	student)	
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Appendix 5.2. Disbudding evaluation.	

 
 

Disbudding	Evaluation	
	
	

Group:_________________________																							Evaluation	#:__________																			
	
Name:________________________________________________________	
	
Calf	ID:________________________																	L									R	
	
	
	
Written	Quiz	Score	(/5)	
	

	

	 	
HANDLING	 	
Correct	application	(/1)	
	

	

Tie	in	appropriate	location	(/1)	
	

	

Tied	tight	enough	(/1)	
	

	

Knot	held	(/1)	
	

	

	 	
BLOCK	TECHNIQUE	 	
Correct	location	(/1)	
	

	

Number	of	needle	pricks	(/2)	
(2=1,	1=2,	0=3+)	
	

	

Total	time	taken	(/2)	
(2=30	sec,	1=30-60	sec,	0=60+sec)	
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Appendix 5.3. Disbudding quiz.

 
 
 

Disbudding	Quiz	

	
1.)	What	medication	is	used	to	provide	local	anesthetic	(cornual	nerve	
block)	for	disbudding	in	calves?	

	

	

_____________________________________________________________	

	

2.)	What	volume	of	this	medication	would	you	use	(in	mL)	per	side?	
	

	

_____________________________________________________________	

	

3.)		What	needle	gauge	and	length	would	you	select	to	give	a	cornual	nerve	
block	in	calves?	

	

	

______________________gauge																______________________length	
	

	

4.)	Draw	an	X	on	the	picture	of	the	calf	
where	you	would	place	your	block	

(injection	site)	

	

	

	

	

	

	

	

	

	

5.)	On	a	scale	of	1-5,	how	confident	are	you	in	your	ability	to	perform	a	

cornual	nerve	block/disbud	a	calf	correctly?			

(1=very	unconfident,	5=very	confident)	

	

_____________________________________________________________	


