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Preface 

The present PhD thesis was submitted to the Graduate School of Technical Sciences (GSTS), 

Aarhus University, as part of the requirements in the Ministerial Order for the degree of Doctor of 

Philosophy at the Department of Animal and Veterinary Sciences, Aarhus University. The work 

presented is my own, and all assistance received during the PhD project has been duly acknowledged. 

None of the work has been submitted for any other degree or professional qualification. 

The project was conducted between August 2019 and October 2022. The experiments included 

in the thesis were performed on a commercial pig farm in Denmark between July and October 2020 

and June and September 2021. The project was commissioned by the Danish Veterinary and Food 

Administration (DVFA), in sight of a potential refinement of the procedure of local anesthesia prior to 

surgical castration of piglets in Denmark. The DVFA and Aarhus University funded the research, as 

part of an agreement on research-based policy support. A summary of main results from the part of the 

project focusing on the efficacy of the local anesthesia treatments has been included in a publically 

available report in Danish to the DVFA. 

During the PhD fellowship, I collaborated with Novo Nordisk, a Danish pharmaceutical 

company, on a project involving the improvement of post-surgical pain mitigation strategies in 

Gottingen mini-pigs. As part of the exchange, I spent three weeks at Novo Nordisk’s experimental 

farm to collect data, and to advice the researchers on the use of behavioural observations in relation to 

the recording of post-surgical pain.  

The two experiments underlying this thesis resulted in four original manuscripts. The original 

research papers/manuscripts are included in chapter 6, and referred to in places to avoid unnecessary 

repetitions of the methods and results. The introduction of the thesis seeks to give the reader an 

overview of the genesis of the project and the general organization of the thesis. The next chapters 

include definitions of the central concepts and offer a literature review explaining the surgical 

castration procedure, its impact on animal welfare, the use of pain mitigating strategies, as well as the 

challenges of recording piglet pain and stress in that context. The following chapters explain the 

methods used to assess piglet responses to the different procedures and the results obtained. The 

general discussion addresses the efficacy of local anesthesia, and focuses on potential improvements 

of the methods used to record pain and stress. The last chapter of the thesis offers considerations 

regarding future routes of research, ethical questions underlying castration, and the important role of 

scientists in the debate.  
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Summary 

Surgical castration, or the removal of testes, is a standard procedure performed on neonatal 

male piglets to prevent boar taint in the meat and ease management practices. Despite castration 

repeatedly being reported as painful, the practice is still used in more than 90 million pigs every year 

in the European Union only, as well as in most global regions. In order to alleviate piglet pain and 

stress responses to the procedure, local anesthesia can be administered to the scrotal area of piglets 

prior to castration. This pain mitigating measure is applied in some European countries, including 

Denmark. However, the efficacy of certain anesthetics, such as procaine, remains questioned, and the 

welfare impact of the anesthetic injection in itself is poorly documented. This thesis aimed to evaluate 

the effects of different administration procedures of a procaine-based local anesthetic, including two 

methods of injection (intra-funicular or intra-testicular), two volumes of drug injected (0.3 or 0.5 mL 

per testis), and four intervals between injection and castration (2.5, 5, 10 or 30 min). The welfare 

impact of these procedures was evaluated at injection, at castration, and in the early post-operative 

phase, and compared to controls castrated without anesthesia or only sham-handled.  

In the absence of a gold standard indicator to quantify piglet pain, in general and in the context of 

castration, an additional aim of this thesis was to refine the methodology of evaluating the welfare 

impact of the procedure. A multi-modal approach was developed, involving behavioural, vocal, 

physiological and motivational indicators, which methodology of recording were refined. As a result, 

piglet responses to injection and castration were evaluated based on intra-procedural vocal 

characteristics and count of foreleg resistance movements, as well as saliva cortisol concentrations 

following castration. Social motivation, as measured in a novel behavioural test, and behaviour upon 

return to the home-pen were also recorded within the first half hour of the post-operating phase. 

Additionally, salivary cortisol concentrations and response to a human-animal relationship test were 

recorded 5 to 6 h after castration. To better interpret such a multi-modal recording approach, a multi-

variate analysis was performed across all indicators used in the studies, examining their inter-

correlations.  

The results showed no difference between the intra-testicular and the more complex intra-

funicular injection methods. Injection of 0.3 mL of the drug tended to reduce the acute response to 

injection as compared to 0.5 mL, maybe because of a (yet unquantified) reduced intra-testicular 

pressure, but did not lead to a similar level of anesthesia during castration. Lastly, in line with the 

recommendations of the drug manufacturer, a 5-10 min interval between injection and castration led 
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to the lowest response of the piglets at castration. Based on these results, an intra-testicular injection 

of 0.5 mL of drug, administered 5 min prior to castration, seems preferable among all tested 

alternatives. Nevertheless, even with this mitigating measure, piglets still showed pronounced 

responses to injection and castration, indicative of pain. In addition, placement in the castration bench 

alone led to clear stress responses. In the post-castration phase, piglets administered the local anesthetic 

prior to castration showed signs of reduced social motivation during the behavioural test as well as a 

tendency for reduced activity at the udder and increased occurrence of huddling up in the home-pen. 

Altogether, these findings suggest that systemic effects of the drug were observed. These effects are 

likely short-lived, since not recorded later in the day, but their implications for piglet welfare warrants 

further attention. Taken together, the findings of the studies underlying this thesis question the overall 

efficacy of administering procaine-based local anesthetics to mitigate pain in piglets at castration. 

While other drugs could potentially be used, such as lidocaine, the need for stressful handling and 

painful injections, and the lack of knowledge of anesthetics’ diffusion and toxicity in neonates piglets, 

remain important welfare concerns. Future studies should therefore focus on evaluating other pain 

mitigation measures and/or developing practical alternatives to surgical castration. 

When it comes to pain recording, the multi-variate analysis suggested that different indicators, and 

parameters within indicators, are reporting somewhat distinct responses, and are therefore not 

interchangeable. This observation highlights the need for careful consideration of the choice and 

interpretation of indicators included in a multi-modal approach to record pain and stress in piglets. The 

thesis also emphasizes the importance of reporting affective and motivational aspects of pain as part 

of this approach, and the potential of refining current technologies to obtain objective, quantitative 

data. These improvements to the methodology of recording and reporting pain and stress in piglets are 

important to the refinement of the procedure of surgical castration, but are also meaningful for 

evaluation of all other invasive procedures routinely performed on young piglets. 
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Sammenrag (Danish summary) 

Kirurgisk kastration eller fjernelse af testikler er en standardprocedure, som udføres på nyfødte  

hangrise den første leveuge for at forhindre ornelugt i kødet og lette management af dyrene. Selvom 

proceduren er smertefuld, udføres den på mere end 90 millioner pattegrise i EU årligt og er 

standardpraksis i størstedelen af verden. For at lindre smerter og stresspåvirkning forbundet med 

kastration, anvender  nogle europæiske lande, herunder Danmark, lokalbedøvelse af smågrisene før 

kastrering. Hvor effektiv denne behandling er, når de godkendte procain-baserede lægemidler 

anvendes, er imidlertid uklart, herunder også den samlede velfærdsmæssige betydning af denne form 

for smertelindring. Denne afhandling søgte at evaluere effekten af forskellige aspekter af selve 

indsprøjtningen af et procain-baseret lokalanalgetikum (Procamidor), herunder to injektionsmetoder 

(intra-funikulær eller intra-testikulær), to volumener af lægemiddel (0,3 eller 0,5 ml pr. testikel) og 

fire intervaller mellem injektion og kastration (2,5, 5, 10 eller 30 min). Velfærdspåvirkningen af disse 

forskellige behandlinger blev evalueret under injektion med lægemidlet, under selve kastrationen samt 

i den tidlige postoperative fase, og sammenlignet med kontrolgrupper, der var kastreret uden bedøvelse 

eller blot fikseret i en kastrationsbænk.  

Der findes p.t. ingen samling af alment anerkendte gold standard indikatorer til kvantificering af smerte 

hos pattegrise, og således heller ikke i forbindelse med kastration. Derfor var et andet mål for denne 

afhandling at videreudvikle metoder til evaluering af indgrebets betydning for dyrenes velfærd. I 

projektet indgik et multimodalt sæt af indikatorer, som involverede dyrenes adfærd, deres vokale samt 

fysiologiske reaktioner og ydermere indikatorer for motivationelle forandringer. Disse metoder blev 

anvendt til at vurdere smågrises respons på injektion med lokalanalgetika og efterfølgende kastration, 

inklusive mål for grisenes vokale respons på indgrebene, antallet af afværgebevægelser med 

forbenene, samt koncentrationen af kortisol i spytprøver fra hangrisene. Projektet involverede desuden 

udvikling af en ny test til kvantificering af grisenes niveau af social motivation umiddelbart efter 

indgrebene, samt observation af grisenes adfærd efter at de var tilbage i hjemmemiljøet efter 

kastrationen. Endelig blev spytkoncentrationen af kortisol samt respons i en menneske-dyr test bestemt 

5-6 timer efter kastration. For bedre at fortolke resultaterne af den multi-modale registreringsmetode, 

gennemførtes en multivariat analyse på tværs af undersøgelsernes indikatorer med henblik på at 

illustrere deres indbyrdes korrelationer. 

 Undersøgelsernes resultater viste ingen forskel mellem intra-testikulær og den mere komplekse 

intra-funikulære injektionsmetode. Injektion med 0,3 ml af lægemidlet havde en tendens til at reducere 

den akutte reaktion på injektion sammenlignet med 0,5 ml, muligvis på grund af et (endnu ikke 
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kvantificeret) reduceret intra-testikulært tryk, men førte ikke til et tilsvarende niveau af bedøvelse 

under kastration. Endelig, i tråd med lægemiddelproducentens anbefalinger, førte et 5-10 minutters 

interval mellem injektion og kastration til den laveste respons fra pattegrisene under kastration. Baseret 

på disse resultater synes en intra-testikel injektion med 0,5 ml lokalanalgetikum administreret 5 

minutter før kastration, at være den mest effektive af de sammenlignede muligheder. Det er dog værd 

at fremhæve, at uanset hvilken tilgang der blev benyttet til smertelindring, udviste pattegrisene stadig 

tydelige reaktioner ved injektion og efterfølgende kastration – reaktioner, der  vidner om smerte, mens 

placering i kastrationsbænken i sig selv førte til færre, men dog klare stressreaktioner. I minutterne 

efter kastration viste pattegrise, som var lokalbedøvede før kastration, tegn på nedsat social motivation 

under adfærdstesten, foruden tendenser til både nedsat aktivitet ved yveret og øget forekomst af 

sammenkrøbet positur i hjemmestien. Disse resultater tyder på, at grisene var systemisk og 

adfædsmæssigt påvirkede af  lægemidlet, men at effekterne sandsynligvis er kortvarige, da de kun blev 

obseveret umiddelbart efter kastration og ikke senere på dagen. Deres implikationer for grisenes 

velfærd berettiger dog yderligere undersøgelser. Samlet set stiller resultaterne af de to undersøgelser, 

der ligger til grund for denne afhandling, spørgsmålstegn ved den overordnede effekt af administration 

af procain-baseret lokalanæstetika til lindring af smerter hos pattegrise under kastration. Mens andre 

lægemidler, såsom lidocain, muligvis kan anvendes med bedre effekt, betyder den uundgåelige 

stressende håndtering, samt smertefulde injektioner, at grisenes velfærd udfordres selv ved sådanne 

tiltag. Endvidere findes der pt. ikke tilstrækkelig viden om lægemidlets diffusion og toksicitet hos 

nyfødte pattegrise. Fremtidige undersøgelser bør derfor fokusere på at undersøge og evaluere andre 

smertelindrende tilltag og/eller udvikle alternativer til kirurgisk kastration.  

I forbindelse med smerteregistrering hos de unge hangrise, tydede den multivariate analyse på, at 

forskellige typer af indikatorer, samt parametre knyttet til disse, formodentlig bidrager med 

information om distinkte reaktioner og er derfor ikke umiddelbart kan erstatte hinanden. Fund som 

disse illustrerer behovet for omhyggelig udvælgelse og fortolkning af de indikatorer, som indgår i en 

multimodal analyse af smerte og stress hos smågrise. Afhandlingen understreger endvidere 

vigtigheden af at inddrage affektive og motivationelle aspekter af smerte, samt potentialet for 

yderligere raffinering af nuværende teknologier for at opnå objektive, kvantitative data. Sådanne 

metodiske forbedringer til kvantificering af smerter og stress hos smågrise er vigtige for at opnå 

afklaring af de velfærdsmæssige konsekvenser af kirurgisk kastration og eventuel smertelindring, men 

er samtidigt også relevant for evaluering af andre invasive procedurer, der rutinemæssigt udføres på 

mange produktionsdyr. 
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Résumé (French summary) 

La castration chirurgicale, ou ablation des testicules, est une procédure communément réalisée 

sur les porcelets nouveau-nés mâles afin de prévenir l’odeur de verrat et de faciliter la gestion des 

animaux. Malgré le fait que la castration ait été signalée comme douloureuse à plusieurs reprises, cette 

pratique est toujours utilisée sur plus de 90 millions de porcs chaque année à la seule échelle de l’Union 

Européenne, et dans la plupart des autres régions du monde. Afin de soulager la douleur et le stress 

des porcelets en réponse à la procédure, une anesthésie locale peut être administrée au niveau du 

scrotum avant la castration. Cette solution d’atténuation de la douleur est appliquée dans différents 

pays européens, dont le Danemark. Cependant, l’efficacité de certains anesthésiques, dont la procaïne, 

fait débat, alors que l’impact de l’injection de l’anesthésique en elle-même sur le bien-être des porcelets 

est peu documenté. Cette thèse avait pour objectif d’évaluer les effets de différentes procédures 

d’administration d’un anesthésiant à base de procaïne, incluant deux méthodes d’injection (intra-

funiculaire ou intra-testiculaire), deux volumes d’anesthésiant injectés (0.3 ou 0.5 ml par testicule), et 

quatre intervalles entre injection et castration (2.5, 5, 10 ou 30 min). L’impact de ces procédures sur 

le bien-être des porcelets a été évalué à l’injection, à la castration et dans la période post-opératoire, et 

comparé à des contrôles castrés sans anesthésie ou simplement placés dans le banc de castration.   

En l’absence d´une méthode de référence pour mesurer la douleur chez le porcelet, en général et dans 

le contexte de la castration, cette thèse avait également pour objectif d’améliorer la méthodologie 

d’évaluation de l’impact de la procédure sur le bien-être animal. Une approche multimodale a été 

développée, incluant des indicateurs comportementaux, vocaux, physiologiques et de motivation, dont 

les méthodes de mesure ont été affinées. Ainsi, la réponse des porcelets à l’injection et à la castration 

a été évaluée à partir des caractéristiques vocales et du nombre des mouvements de résistance des 

membres antérieurs pendant la procédure, ainsi que de la concentration de cortisol salivaire à la suite 

de la castration. La motivation sociale, mesurée dans un test novateur, et les comportements au moment 

du retour dans l’enclos ont également été enregistrés pendant la première demi-heure de la période 

post-opératoire. De plus, la concentration de cortisol salivaire et la réaction des porcelets à un test de 

relation humain-animal ont été mesurés 5 à 6 h après la castration. Afin de mieux interpréter une telle 

approche multimodale, une analyse multivariée a également été réalisée sur tous les indicateurs utilisés 

dans les études, pour examiner leurs corrélations. 

Les résultats n’ont montré aucune différence entre la méthode d’injection intra-testiculaire et 

la méthode, plus compliquée, d’injection intra-funiculaire. L’injection de 0.3 ml d’anesthésiant a eu 
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tendance à réduire la réponse accrue des porcelets à l’injection en comparaison à 0.5 ml, 

potentiellement en raison d’une pression intra-testiculaire réduite (qui n´a cependant pas été testée), 

mais ce volume n’a pas permis un même niveau d’anesthésie pendant la castration. Enfin, 

conformément aux recommandations du fabriquant pharmaceutique, un intervalle de 5 à 10 min entre 

injection et castration a donné lieu à la réponse la plus faible lors de la castration. Sur la base de ces 

résultats, une injection intra-testiculaire de 0.5 ml d’anesthésiant administrée 5 min avant la castration 

semble préférable parmi toutes les alternatives testées. Néanmoins, même avec cette solution, les 

porcelets ont montré une réponse prononcée à l’injection et à la castration, indicatrice de douleur. De 

plus, le seul placement dans le banc de castration a donné lieu à de réponses claires de stress. Dans la 

période suivant la castration, les porcelets administrés d’un anesthésiant local avant la castration ont 

montré des signes de motivation sociale réduite durant le test comportemental, ainsi qu’une tendance 

d’activité à la mamelle réduite et de prévalence accrue de position recroquevillée dans l’enclos. 

Globalement, ces observations suggèrent que des effets systémiques de l’anesthésiant ont été observés. 

Ces effets sont probablement de courte durée, puisque non mesurés plus tard dans la journée, mais 

leurs implications pour le bien-être des porcelets méritent plus d’attention. En somme, ces conclusions 

remettent en cause la pertinence de l’administration d’anesthésiants à base de procaïne pour soulager 

les porcelets à la castration. Alors que d’autres anesthésiants tels que la lidocaïne pourraient être 

utilisés, le besoin de manipulations stressantes et d’injections douloureuses, ainsi que le manque de 

connaissance quant à la diffusion et la toxicité des anesthésiants chez le porcelet nouveau-né, restent 

d’importantes préoccupations pour le bien-être animal. Dans le future, les études devraient donc se 

focaliser sur l’évaluation d’autres solutions d’atténuation de la douleur et/ou sur le développement 

d’alternatives à la castration chirurgicale applicables en pratique.  

En ce qui concerne la mesure de la douleur, l’analyse multivariée a montré que différents indicateurs, 

et paramètres au sein de ces types d’indicateurs, rapportent des réponses plutôt distinctes, et ne sont 

donc pas interchangeables. Cette observation souligne le besoin de considérer avec attention le choix 

et l’interprétation des indicateurs inclus dans une approche de mesure multimodale de la douleur et du 

stress. La thèse souligne également l’importance de rapporter les aspects affectifs et motivationnels de 

la douleur au sein de cette approche, et le potentiel d’amélioration des technologies actuelles afin 

d’obtenir des données quantitatives objectives. Ces affinages de la méthodologie de mesure et de 

rapport de la douleur et du stress chez le porcelet sont importantes pour l’amélioration de la procédure 

de castration chirurgicale, mais également utiles pour l’évaluation de toutes les autres procédures 

invasives réalisées systématiquement sur les jeunes porcelets.  



14 

 

List of papers and manuscripts included in the thesis 
 

Paper I  

Coutant, M., Malmkvist, J., Kaiser, M., Foldager, L., Herskin, M.S. Piglets’ acute responses to local 

anaesthetic injection and surgical castration: effects of the injection method and interval between 

injection and castration. Front. Vet. Sci., doi: 10.3389/fvets.2022.1009858.  

 

Paper II  

Coutant, M., Malmkvist, J., Kaiser, M., Foldager, L., Herskin, M.S. 2022. Piglets’ acute responses to 

procaine-based local anaesthetic injection and surgical castration: effects of two volumes of 

anaesthetic. Front. Pain Res. 3:943138. doi: 10.3389/fpain.2022.943138  

 

Paper III  

Coutant, M., Malmkvist, J., Tallet, C., Williams, C.J.A., Kaiser, M., Foldager, L., Herskin, M.S. 

Administration of procaine-based local anaesthetic prior to surgical castration influences post-

operative behaviours of piglets. Submitted June 2022 to Applied Animal Behaviour Science.  

 

Paper IV  

Coutant, M., Malmkvist, J., Kaiser, M., Foldager, L., Herskin, M.S. Interrelationships among acute 

and behavioural indicators of pain and stress in the context of piglet surgical castration: an exploratory 

analysis. Manuscript in preparation for submission in Behavioural Processes. 

 

 

 

 

 

 

Papers are reprinted with permission from the publisher, if not open access. 

 



15 

 

List of other scientific publications 
 

Papers, manuscripts and reports 

Malmkvist, J., Coutant, M., Foldager, L., Kaiser, M., Herskin, M.S. 2022. Optimering af procedure 

for lokalbedøvelse af pattegrise forud for kastration [Optimization of procedure for local anesthesia of 

piglets prior to castration] (in Danish). DCA Report [online]. 2022. Available at  

https://pure.au.dk/portal/files/257366723/Kastrationsrapport_revideret_270222.pdf 

Conference abstracts1 

Coutant, M., Malmkvist, J., Kaiser, M., Foldager, M.S., Herskin, M.S. 2022. On-farm administration 

of local anesthetic and surgical castration of piglets: acute behavioural and physiological 

consequences. Proceedings of the 55th Congress of the ISAE: Animal Behaviour and Beyond, Ohrid, 

North Macedonia, September 5-9, p. 19. 

Coutant, M., Malmkvist, J., Herskin, M.S. 2022. A new quantitative method for the assessment of 

piglets' resistance movements during castration. Proceedings of the 32nd Nordic region winter meeting 

of the International Society for Applied Ethology: Learning and Anthrozoology - with a hint of social 

behaviour, Swedish University of Agricultural Sciences, Uppsala, Sweden, January 26-28, p. 31. 

Coutant, M., Tallet, C., Malmkvist, J., Herskin, M.S. 2021. Development of a social motivation test 

to assess piglets' affective state following surgical castration. Proceedings of the 54th Congress of the 

ISAE: Developing animal behaviour and welfare: Real solutions for real problems, online, August 2-

6, p. 250. 

Coutant, M., Kaiser, M., Kongsted, H., Malmkvist, J., Herskin, M.S. 2021. Farmers’ administration 

of local anesthetics prior to piglet castration – a practical gap of knowledge? Proceedings of the 8th 

International conference of on the assessment of animal welfare at farm and group level, Cork, Ireland, 

August 16-19, p. 150. Wageningen Academic Publishers. doi: 10.3920/978-90-8686-901-5 

Coutant, M., Malmkvist, J., Tallet, C., Herskin, M.S. 2021. Capturing the emotional component of 

pain in piglets undergoing castration. Abstract from AWRN-Workshop on "cross-fertilization between 

neuroscience and animal welfare", Newcastle, United Kingdom, June 14-16, 

                                                           
1 Details on https://pure.au.dk/portal/en/persons/mathilde-pauline-coutant(ec0d3739-162d-46c9-b0a4-

4447a207d4fa)/publications.html 

 



16 

 

My own contribution to the thesis 

Mette S. Herskin (MSH) was the leader of the DVFA project. Preliminary considerations regarding 

the content of the project and the design of the experiments were discussed among MSH, Jens 

Malmkvist (JM), and Hanne Kongsted (HK). Planning, design and management of the two 

experiments included in the thesis, and pilot phases, were performed by Mathilde Coutant (MC), with 

help from MSH, JM and Marianne Kaiser (MK). Clinical trial applications necessary for the 

performance of the studies were drafted by MC, MK and Leslie Foldager (LF). Céline Tallet (CT; 

INRAE, France) collaborated with MC on the development of behavioural tests. MK developed the 

methods of local anesthetic injections and trained the herdsman. MC performed the data collection 

with assistance from students and technicians, and was the daily project manager. For all studies, MC 

conducted data processing, data analysis, and drafted the manuscripts under the supervision of MSH, 

JM, MK, LF, CT and Catherine J.A. Williams (CJAW). During the PhD period, MC had frequent 

supervision meetings with MSH and JM. MC is the sole writer of the present thesis, and received 

constructive feedbacks and guidance from MSH and JM. 

  



17 

 

List of abbreviations 
 

 ACTH = AdrenoCorticoTropic Hormone 

 ANS = Autonomic Nervous System 

 CC = Control treatment castrated without anesthesia 

 CJAW = Catherine J. A. Williams 

 CT = Céline Tallet 

 CRH = Corticotropin-Releasing Hormone 

 DVFA = Danish Veterinary and Food Administration 

 EFSA = European Food Safety Authority 

 HAR = Human-Animal Relationship [test] 

 HPA = Hypothalamic–Pituitary–Adrenal [axis] 

 HPG = Hypothalamic–Pituitary–Gonadal [axis] 

 HPT = Hypothalamic–Pituitary–Thyroid [axis] 

 ICC = Intraclass Correlation Coefficient 

 IF = Treatment with Intra-Funicular injection with the local anesthetic 

 IT = Treatment with Intra-Testicular injection with the local anesthetic  

 JM = Jens Malmkvist 

 LF = Leslie Foldager 

 MC = Mathilde Coutant 

 MK = Marianne Kaiser 

 MSH = Mette S. Herskin 

 MRL = Maximum Residues Limits 

 NLP = Non Linear Phenomena 

 NSAID = Non-Steroidal Anti-Inflammatory Drug 

 PC / PCA = Principal Component / Principal Component Analysis 

 SH = Control treatment Sham-Handled 

 SAA = Serum Amyloid A 

 SAM = Sympathetic Adrenal Medullary System 

 SNS = Sympathetic Nervous System 

 

 



18 

 

Table of Contents 
 

Preface ................................................................................................................................................... 5 

Acknowledgements ............................................................................................................................... 6 

Summary ............................................................................................................................................... 8 

Sammenrag (Danish summary) ........................................................................................................ 10 

Résumé (French summary) ............................................................................................................... 12 

List of papers and manuscripts included in the thesis .................................................................... 14 

List of other scientific publications ................................................................................................... 15 

My own contribution to the thesis .................................................................................................... 16 

List of abbreviations .......................................................................................................................... 17 

Table of Contents ............................................................................................................................... 18 

Note to the reader ............................................................................................................................... 20 

1. Introduction ................................................................................................................................. 22 

2. A refresher on the physiology of pain ....................................................................................... 25 

2.1. General physiology of nociception and pain perception .................................................. 25 

2.2. Physiological systems activated in response to tissue damage and pain ........................ 27 

2.3. Behavioural and emotional response to pain and stress .................................................. 28 

3. Background ................................................................................................................................. 30 

3.1. The castration procedure : description, impact on animal welfare and related 

legislation on pain mitigation ........................................................................................................ 30 

3.2. Evaluating pain in neonates piglets: challenges and considerations .............................. 42 

4. Aims and hypotheses .................................................................................................................. 53 

5. Materials and methods ............................................................................................................... 55 

5.1. Overview of the design ........................................................................................................ 55 

5.2. Development and refinement of the indicators of welfare ............................................... 61 

5.3. Considerations on the study design ................................................................................... 73 

6. Results .......................................................................................................................................... 79 

6.2. Paper I .................................................................................................................................. 82 

6.3. Paper II ................................................................................................................................. 98 

6.4. Paper III ............................................................................................................................. 112 

6.5. Paper IV ............................................................................................................................. 138 

6.6. Supplementary results ...................................................................................................... 170 

 



19 

 

7. Discussion .................................................................................................................................. 178 

7.1. Welfare impact of local anesthetic injection and subsequent castration ..................... 178 

7.2. General approach to recording the welfare impact of castration and other invasive 

procedures in piglets .................................................................................................................... 191 

7.3. Methodology of recording indicators of pain and stress: considerations and routes of 

improvement ................................................................................................................................. 194 

8. Perspective: what future for the surgical castration of piglets? ........................................... 210 

8.1. The picture of piglet castration through the concept of One Welfare .......................... 210 

8.2. Understanding the blockages of a ban of surgical castration in the EU ...................... 212 

8.3. The role of scientists in the matter ................................................................................... 213 

9. Conclusions ................................................................................................................................ 217 

10. References .............................................................................................................................. 218 

 

 

  



20 

 

Note to the reader 

Prior to diving into the PhD, I would like to make the reader aware of a few considerations 

regarding its content. I believe those points are important for the understanding of the general outline 

of the thesis, the decision behind the focus on certain points, and the choice of terminology.  

First of all, I would like to adjust expectations over the content of this thesis. I am, by education, 

an agricultural engineer with a strong focus on animal welfare and behaviour. I am not a veterinarian, 

nor an expert in economic or social sciences. Therefore, the matter of piglet anesthesia and castration 

will be addressed primarily from an ethological point of view, focusing on piglet physiological and 

behavioural responses to the procedures. Yet, I will, when relevant, further elaborate on veterinary, 

economical or societal aspects. 

Secondly, I chose to qualify the piglet using a personal, masculine, pronoun (‘him’) throughout 

the thesis. I have done so as I acknowledge that pigs are sentient, complex individuals. I am aware this 

choice is still debated, but encourage my fellow researchers to take this stand as well. I would also like 

to draw the reader’s attention to the choice of terminology regarding emotional states. Pain is a 

complex emotion, and associating piglets’ responses with pain only can be hazardous. Based on my 

experience in reading hundreds of scientific publications on the topic in the course of this thesis, I find 

that loose use of the term pain is in part responsible for the lack of understanding and agreement over 

the interpretation of piglet responses. I therefore intend to be particularly careful as to the qualification 

of potential emotions recorded in the studies. I am aware this choice may become frustrating at times, 

as simple, clear association with a specific emotion such as pain is easier to understand than a constant 

reference to pain and stress or other central processes, but attention to terminology and epistemology 

is a key aspect of scientific rigor (Macleod and Mohan, 2019). 

In addition, I chose to give this thesis a considerable focus on the methodology used to record 

piglet responses. Methods will be extensively described and discussed. While this element is partly 

explained by the aim of the thesis in itself, dealing with the recording of pain and stress in piglets, it is 

also in line with current efforts of scientists to recognize the importance of accurate report of 

methodology. The scientific community is indeed currently facing a reproducibility crisis (Baker, 

2016). A recent paper in Nature highlighted that “70% of researchers have tried and failed to 

reproduce another scientist's experiments, and more than half have failed to reproduce their own 

experiments” (Baker, 2016). In order to inverse this trend, precise, accurate reporting has been 
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implemented in all papers and manuscripts underlying the thesis - at the risk of bringing redundancy - 

and all datasets were made available.   

In addition, reporting of the methods and results is not the only important aspect of research, and 

explanation of the development of the thoughts and approaches used by the scientists to tackle a certain 

problem can be helpful for future studies. Therefore, the materials and methods section includes 

descriptions of the development of the methods used to record different parameters, as well as a 

mentioning of the parameters that were initially planned to be included, but abandoned. An important 

part of the general discussion section is also dedicated to potential means of improving the recording 

of certain parameters. 

Lastly, we cannot ignore that castration can be considered as a ‘sensitive’ topic in today’s 

society. Even within the scientific community, some are reluctant to work on the topic, or to watch 

images or videos of the procedure, while others may seek to turn every publication into a political 

statement. Navigating such a field of potentially emotionally driven opinions can sometimes be tricky, 

but I have tried my best to focus on building up strong, objective, scientific studies, free of personal 

judgements. The core of the thesis is therefore built on scientific evidence and animal-based measures, 

and discussions related to ethics and societal considerations will be kept for the last chapter.  

I also did not want to misrepresent the reality of husbandry practices in fear of criticism. I have come 

to realize that most of my friends and family, or even colleagues, had never seen or heard about piglet 

castration. This may be due to a general reluctance to show ‘sensitive’ content, either in fear of 

offending the sensibilities of the public, or alternatively, in fear of being accused of disparaging the 

industry and its practices. I condemn this kind of behaviour, as I believe it is creating a form of taboo 

on the topic, which is harmful to science and may stand in the way of improving practices in relation 

to animal welfare. Hence, I encourage readers to check out the videos and pictures appended to the 

papers. 

I would finally like to remind the reader that this project is only a small step towards improving 

piglet welfare in relation to castration. You may find yourself frustrated, at times, that the thesis is not 

providing a quick fix to the problem, or elaborating more on alternatives to castration. If that is the 

case, I would end by reminding you of the words of Charles Darwin, “to kill an error is as good a 

service as, and sometimes even better than, the establishing of a new truth or fact.”  

I hope you will find the thesis interesting and inspiring, and I wish you all a good read. 
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1. Introduction 

Under production conditions, a piglet’s first days of life are paved by several invasive, potentially 

mutilating, procedures. From injection of iron, vaccines, and other pharmaceutical solutions to teeth 

resection, tail docking, ear marking, and castration, several measures can be taken to ease management 

of the animals in later life and prevent the development of pathologies or unwanted behaviours. Among 

these procedures, surgical castration has been described as the most painful one (Prunier et al., 2005), 

and is often considered an important welfare concern (EFSA AHAW Panel et al., 2022).   

The procedure of castrating young male piglets consists in the removal of the testes, through tearing 

or severing of the spermatic cords (Rault et al., 2011). Castration is performed primarily to prevent the 

development of boar taint, a strong smell and taste potentially present in the meat of entire males, 

which is considered aversive by a large proportion of the consumers (Bonneau et al., 1992). The 

procedure also has benefits in terms of animal management, including avoidance of inbreeding and 

reduction of aggressive behaviours in later life (Rault et al., 2011). 

The impact of surgical castration on piglet welfare has been largely investigated. Several studies have 

highlighted acute physiological and behavioural responses to the procedure (e.g. Marx et al., 2003; 

Llamas Moya et al., 2008), and impairments of the piglet’s behaviour were observed up to days after 

the surgery (Hay et al., 2003). In order to mitigate piglet’s responses to surgical castration, different 

strategies are available. Analgesics are commonly used to mitigate piglet pain during and after the 

procedure, while local anesthetics can be administered to inhibit nervous responses during the 

procedure and for minutes to hours afterwards. Some countries have also implemented the use of 

general anesthesia, rending the piglets unconscious during castration (Prunier et al., 2006). In 

Denmark, the fourth largest pig producing country in Europe (Danmarks Statistik, 2020), analgesia 

has been mandatory since 2009, and has been used in combination with local anesthesia since 2019, 

following an initiative from the pig production industry (Danish Agriculture and Food Council, 2019). 

According to this code of conduct, farmers and farm staff are allowed to administer the local anesthetic 

themselves, after completing a training led by a veterinarian.  

Yet, while studies suggest that local anesthesia can reduce, to some extent, piglets’ responses to 

surgical castration, concerns remain regarding the efficacy and sufficiency of the procedure (Leidig et 

al., 2009; Saller et al., 2020). The anesthetic allowed for use prior to castration in Denmark, procaine, 

has been shown to be poorly efficient in reducing piglets’ pain and stress during castration compared 
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to other anesthetic drugs such as lidocaine (Skade et al., 2021). Concerns also exist regarding the 

impact of the administration of the anesthetic itself, involving one needle injection in the scrotal area 

of each testis prior to the surgery (Kongsted et al., 2018). Thus, so far, general impact of the combined 

procedures of injection and castration remains poorly known, especially when performed in practical 

conditions by farmers as compared to veterinarians under laboratory-like conditions - which has been 

the case for most studies published so far (e.g. Kluivers-Poodt et al., 2012; Abendschön et al., 2020; 

Saller et al., 2020).  

This project, commissioned by the DVFA, therefore aimed to investigate the welfare impact of 

castration under local anesthesia as performed in practice-like conditions. Different aspects of the 

procedure, i.e. method of injection of the anesthetic, interval between injection and castration, and 

volume of drug injected, were compared and evaluated.  

Assessment of the impact of invasive procedures in terms of stress or aversive emotions such 

as pain is, however, a challenge. While the gold standard in humans is self-assessment and verbal 

reports, such tool is not accessible in non-human animals (Ison et al., 2016). Instead, indicators of the 

piglets’ physiology, neurobiology, and behaviour have to be recorded and interpreted. This process is 

difficult, given the subjectivity of emotional states and the relative lack of specificity of the responses 

observable (Broom, 2014; Ison et al., 2016; Sheil and Polkinghorne, 2020). The task may be even 

more complex in neonates, given that they are still developing neuro-biologically and behaviorally 

(Walker, 2014), and cannot be involved in certain complex behavioural tests due to their age. 

Several types of indicators have been used in the literature to quantify piglets’ response to castration, 

from measurement of certain hormones and metabolites (Carroll et al., 2006; Keita et al., 2010; 

Sutherland et al., 2012), to recording of vocalizations (Taylor and Weary, 2000; Marx et al., 2003; 

Marchant-Forde et al., 2009) and specific behaviours (Hay et al., 2003; Llamas Moya et al., 2008; 

Hansson et al., 2011). Yet, due to the lack of specificity among physiological and behavioural reactions 

to aversive, and sometimes affective, responses, potential misinterpretations are difficult to avoid 

(Sheil and Polkinghorne, 2020). In addition, the type of indicators chosen and associated recording 

methods vary greatly between studies, limiting comparison between papers and the possibility to use 

analytical tools such as meta-analysis to draw valid conclusions across studies (Dzikamunhenga et al., 

2014; Sheil and Polkinghorne, 2020). As a result, many interrogations regarding the impact of certain 

procedures are left with no clear answer, and consensus for best practices for pain relief are scarce 

(Bateson, 1991). 
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Based upon the above, the second aim of this thesis was to add knowledge about the methodology 

underlying the recording of pain and stress in young piglets. While the overall aim of the thesis was to 

provide an accurate report of the piglets’ responses to the different procedures tested, the results are 

also discussed as a model to better understand means and limitations of recording pain in newborn 

piglets, in a spirit of refinement of animal experiments (Guhad, 2005).  
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2. A refresher on the physiology of pain 

This preface to the literature review aims to provide the reader with basic elements of understanding 

of the mechanisms of pain, in order to ease understanding of the welfare indicators mentioned later 

on. Please note that this chapter purely focuses on physiological mechanisms, and that further 

discussion on the definition and concept of pain, its inter-relations with stress, or the interpretation of 

certain indicators, will be addressed later in the review.  

2.1. General physiology of nociception and pain perception 

 

This first section is based on mechanisms and classification of pain described in Prunier et al. 

(2020), Viñuela-Fernández et al., (2007) and Prunier et al. (2002). Below, and in the rest of the thesis, 

measures of pain, stress and welfare are defined as indicators (a type of measure reporting the state of 

the animal within an aspect of his physiology or behaviour), and parameters (a specific measure 

reporting the state of the animal within an indicator). 

Tissue injury, as it can happen during incision with a scalpel or injection with a syringe, is detected 

by primary afferent neurons, called nociceptors (Fig. 1). Two types of nociceptors are often mentioned 

in the literature, myelinated A-delta (Aδ) and unmyelinated C fibers. This phase is often referred to as 

detection of the signal (1, Fig. 1). The nociceptors convey noxious information to projections neurons 

in the dorsal horn of the spinal cord, a phenomenon called conduction (2, Fig. 1). A chain of neurons 

then transmit the signal to the thalamus and cortex in the brain through the spinothalamic tract 

(transmission; 3, Fig. 1). Lastly, the signal arrives to the cortical region of the brain, where it is 

interpreted in the somatosensory complex in terms of location and intensity of the stimulus. This last 

part is often called perception (4, Fig. 1). It can be noted that, due to differences in conduction 

velocities, nociceptors may lead to a two-step perception of pain, a first ‘sharp’ perception  (resulting 

from activation of Aδ fibers) and a second slower, ‘dull’ perception (coming from the C fibers; Prunier 

et al., 2020). 

It is important to remember that perception of pain only occurs when the signal reaches the 

somatosensory complex, in the last phase of this reaction (4, Fig. 1). During detection, conduction and 

transmission, the signal is referred to as a nociceptive stimulus, or nociception. As further discussed 

later on, nociception does not always imply pain perception. 
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Figure 1. The general physiology of nociception and pain in mammals.  

Diagram adapted from Lecturio (https://www.lecturio.com/concepts/physiology-of-pain/)  

* Location of action of local anesthetics  

** Location of action of analgesics 

Tissue damage can lead to different types of pain. Nociceptive pain is defined as short-acting pain 

resulting from activation of the nociceptors and perception in the cortex, as previously described. Its 

main biological function is to protect the organism from (further or future) injury. Tissue damage 

results in inflammatory processes at the site of the injury, which trigger inflammatory pain. This type 

of pain facilitates the protection the healing tissue. Lastly, pain can persist long after healing has 

completed, despite the absence of actual tissue damage. This state is referred to as chronic pain, and 

its biological function is still discussed, as often described as a maladaptive phenomenon.  

Similarly, different classifications of pain states exist depending on the anatomical location. Somatic 

pain arises from damage to skin, joints, muscles and bones. Visceral pain comes from the inner organs, 

and neuropathic pain is caused by lesions or disease in the neural system and somatosensory complex. 

In the context of surgical castration, visceral pain will be mostly discussed, although elements relating 

to somatic and neuropathic pain will be addressed. 
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2.2. Physiological systems activated in response to tissue damage and pain 

 

Almost immediately upon damage of the tissue, and continuing in the days following the damage, 

the immune system is greatly activated. Tissue damage leads to release of cytokines, histamine and 

prostaglandins, among others, which create an inflammatory response characterized by swelling, heat, 

redness of the tissue, and (inflammatory) pain (Fig. 2; Prunier et al., 2020). Importantly, this 

immunological cascade is very complex, and will not be developed in details. For more information 

on the indicators of inflammation mentioned throughout the thesis, see the reviews by Eckersall and 

Bell (2010) and DeVon et al., (2014). 

Perception of pain by the somatosensory complex is considered a stressor, and leads to activation 

of two major constituents of the stress system, the Autonomic Nervous System (ANS) and the 

Hypothalamic–Pituitary–Adrenal (HPA) axis (Fig. 2; Godoy et al., 2018).  

Activation of the Autonomic Nervous System results in stimulation of the Sympathetic 

Nervous System (SNS). Consequently, noradrenaline is released, causing an increase of heat rate and 

blood pressure, and constriction of the blood vessels in ‘non-essential’ organs, allowing blood to be 

redirected to the heart and the brain (Martin, 1998). In addition, the Sympathetic Adrenal Medullary 

System (SAM) is mobilized upon activation of the ANS, resulting in a release of adrenaline in the 

blood stream from the adrenal medulla. This phenomenon prepares the body for the fight or flight 

response, breaking down glycogen stored in the liver to glucose, causing outflow of blood from the 

limbs to muscles, heart and brain, increasing heart rate, and stopping digestion (Martin, 1998; Godoy 

et al., 2018). Other indirect measurements of ANS responses to pain and stress include changes in 

heart rate variability, skin temperature, facial flushing, salivation, sweating, pilo-erection, pupillary 

dilation and nausea, vomiting and bladder or bowel evacuation (Martin, 1998; von Borell et al., 2007). 

Activation of the Hypothalamic–Pituitary–Adrenal axis is characterized by the secretion of 

corticotropic-releasing hormone (CRH) which activates the anterior pituitary, and causes release of 

adrenocorticotropic hormone (ACTH), stimulating the adrenal cortex (Godoy et al., 2018). Two main 

types of hormones are then released; Mineral corticoids (such as aldosterone) trigger an increase of 

blood pressure, while glucocorticoids, such as cortisol, lead to a general energy mobilization, e.g., 

increased circulation of glucose and free fatty acids, and a suppression of the immune system (Martin, 

1998; Godoy et al., 2018). 



A refresher on the physiology of pain 
 

28 

 

It is also worth noting that other systems play a role in relation to pain and stress. Activation 

of the hypothalamus triggers the hypothalamic–pituitary–thyroid (HPT) axis. Release of thyrotropin-

releasing hormone (TRH) leads to the production of thyroid-stimulating hormone (TSH) which 

modulate other hormones such as thyroxine and triiodothyrone, playing a role in growth, bodily 

functions and hormonal balance (Aloisi et al., 2013; Tennant, 2013). In addition, at least in adults, the 

hypothalamic-pituitary-gonadal (HPG) axis can be activated, modulating the release of follicle-

stimulating hormone (FSH) and luteinizing hormone (LH) by the pituitary, leading to the production 

of testosterone, progesterone, or estrogen in the gonads (Tennant, 2013). Overall, a wide range of 

hormones may be activated and play a role in the response to pain and stress, including renin, growth 

hormone, glucagon, prolactin, calcitonin, and gastrin, among others (Martin, 1998). 

Lastly, it is important to remember that modulation of hormones and bodily function in response 

to tissue damage and pain serves a crucial function of providing immunological, anti-inflammatory 

and regenerative functions to the healing tissue. Serum concentrations of certain hormones such as 

cortisol and noradrenaline released upon activation of the pituitary, or peptides such as β-endorphins, 

are involved in a negative feedback modulation of key neural and endocrine systems, leading to 

restauration of the hormonal balance and gradual alleviation of the perception of pain and resulting 

stress (Tennant, 2013; Pilozzi et al., 2020). More information on these ‘descending pathways’ 

(regulation of pain and stress and return to baseline status) can be read in Millan (2022).  

2.3. Behavioural and emotional response to pain and stress 

 

In addition to the described physiological changes, states of pain and stress can significantly impact 

behaviours, affective states other than pain, and cognition. In mammals, and in particular in pigs, 

behavioural parameters of pain and stress include an increased number and intensity of vocalizations, 

display of avoidance and/or resistance movements, behavioural alterations related to isolation, 

prostration, aggressiveness, and weight loss, and postural changes such as impaired locomotion or 

immobility (Prunier, 2002). Measures of affect in the hours following the procedure often show states 

of negative valence, while cognitive capacities can be hampered. Importantly, this list is not 

exhaustive, as it only serves as a reminder of the general consequences of pain and stress. Further 

indicators and parameters will be extensively described and analyzed throughout the thesis.  



 

 

  

 

Figure 2. Overview of the physiological responses to tissue damage and pain in mammals 

SSC, Somatosensory complex; ANS, Autonomic Nervous System; SNS, Sympathetic Nervous System; SAM, Sympathetic Adrenal Medullary System; HPA, 

Hypothalamic–Pituitary–Adrenal; HPT, Hypothalamic-Pituitary-Thyroid; HPG, Hypothalamic–Pituitary–Gonadal; CRH, Corticotropin-Releasing Hormone; 

GRH, Gonadotrophin-Releasing Hormone; TRH, Thyrotropin-Releasing Hormone; ACTH, AdrenoCorticoTropic Hormone; FSH, Follicle-Stimulating 

Hormone; LH, Luteinizing Hormone; TSH, Thyroid-Stimulating Hormone. Figure by M. Coutant. 
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3. Background 

This chapter offers a review of the literature on the topic of castration and how pain has been recorded 

in that context. The first part tackles the procedure of surgical castration and explains in details why 

and how the procedure is performed, the impact on animal welfare, what strategies exist to mitigate 

piglet responses, and what regulations are in place in Europe and in Denmark. The second part focuses 

on the matter of evaluating pain in piglets and intends to provide a definition of pain and associated 

concepts, an overview of the approaches used in the literature to record pain and stress in the context 

of piglet castration, and a list of challenges and limitations related to the evaluation of castration pain 

and stress in piglets. 

3.1. The castration procedure : description, impact on animal welfare and related 

legislation on pain mitigation 

 
a. The castration procedure and related impacts on piglet welfare 

Raising entire male pigs for meat production is uncommon in most countries due to the likely 

development of boar taint, an “unpleasant urine or perspiration-like odor that can be perceived when 

heating fat or cooking meat from boars” (Bonneau et al., 1992). The flavor of the meat can also be 

affected, to a lesser extent (Bonneau and Squires, 2004). These sensory characteristics are the result of 

two malodourous compounds stored in fat: androsterone, a testicular steroid, and skatole, an organic 

compound produced in the intestine (Bonneau et al., 1992). While both compounds are always present 

in meat, accumulation in the fat tissue above a certain threshold (0.5 - 10 μg/g for androsterone and 

0.10 - 0.20 μg/g for skatole) results in sensory perception by some consumers, which reduces their 

acceptability of the meat (Borrisser-Pairó et al., 2017). It has been estimated that boar taint is present 

in 10 to 75% of the meat from entire males (Bonneau and Squires, 2004), while cooking odors have 

been reported in 30 to 50% of the meat (Bonneau et al., 1992). Yet, it is complex to quantify the global 

prevalence of boar taint, as its expression depends on the genetic of the pig and his age at slaughter 

(Bonneau et al., 1992), while significant individual variation exist in the sensitivity of consumers to 

the cooking smell (Borrisser-Pairó et al., 2017).  

In order to avoid this potential degradation of the meat attributes, and associated economic 

implications for the market, most producers are castrating male pigs in their first week of life.  

The procedure consists in the in situ destruction of the testicular function or removal of the testes 

(Rault et al., 2011), and allows to prevent the development of boar taint (Bonneau et al., 1992), and, 
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additionally, to improve the meat quality by increasing intramuscular fat (Borrisser-Pairó et al., 2017). 

Associated benefits of castration in terms of animal management also include avoidance of inbreeding 

and reduction of aggressive behaviours in later life (Rault et al., 2011). 

Surgical castration, i.e. castration by surgical removal of the testes, is the most common form 

of castration in Europe, and is performed on 61% of the male pig population (De Briyne et al., 2016), 

for at a total of 90 million pigs per year, according to the most recent numbers (Lin-Schilstra and 

Ingenbleek, 2022). For this procedure, the piglet is caught and restrained, by being held between the 

handler’s legs with the head down, in a castration bench or v-shaped through, or sometimes on a flat 

bench. These types of benches are used to further restrain the piglet’s movements and ease the 

procedure for the handlers by improving access to the scrotal area (see picture of a modified castration 

bench in Chapter 5). In most cases, the scrotum and underlying tissues (gubernaculum) are incised 

longitudinally approximately 2 cm in length on each testis using a surgical scalpel (see Fig. 3), although 

some handlers may use a single transverse incision (Fredriksen et al., 2009). The testes are extracted 

and removed by either cutting, twisting or pulling the spermatic cord (funiculus spermaticus) until 

breaking (Prunier et al., 2006). In the EU, pulling the cords has been forbidden since 2001, as tearing 

of the tissues is recognized as increasing pain (Commission Directive 2008/120/EC laying down 

minimum standards for the protection of pigs), but pulling is still the predominant technique in some 

European countries such as Greece, Czech Republic, or the United Kingdom, and is also used in other 

areas of the world, for instance in the USA (Fredriksen et al., 2009). Cutting of the spermatic cord is 

in majority performed using a surgical scalpel, but scissors or an emasculator that clamps and crimps 

the cord for several seconds can also be used (Fredriksen et al., 2009). An antiseptic may then be  

applied to the open wound (Prunier et al., 2006). 

According to European legislation, the procedure should be performed within the first 7 days 

of life, or can be performed later if the piglet is given local anesthesia and prolonged analgesia under 

supervision of a veterinarian (Commission Directive 2008/120/EC, 2008). In practice, most farmers 

castrate the piglets within the first days of life, together with an iron injection, vaccination, and, in 

some cases, tail docking and tooth resection (Prunier et al., 2006). Littermates are often handled 

together, e.g., placed in a cart wheel until all procedures are completed. Castration in itself is relatively 

rapid, as the process, including catching of the animal, may take less than 30 s (Prunier et al., 2006). 

However, the procedure is challenging to perform in neonate piglets, given that the testes are not 

prominent (testes can be as small as 9 × 5 mm, see Fig. 13). In addition, the scrotum and testes are 

greatly innervated. In particular, sensory nerves innervate the superficial muscle of the scrotum, the 
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testes, and the spermatic cord, rending possible nociceptive signaling in the testes and associated 

structures. In other words, surgical castration generates stimuli resulting in pain (Prunier et al., 2006; 

see definition of pain in Chapter 3.2).  

 

Figure 3. Anatomy of the genital tract of the male piglet  

*Sites of incision and cutting, adapted from Prunier et al. (2006) 

 Several aspects of the animal welfare (in this thesis, defined as the states of an animal in relation 

to his environment, in terms of physiology (health and biological functioning) and affect (mental states 

and biological needs), adapted from Duncan, 2005) impacts of castration have been described in the 

last decades. Studies have focused on different aspects of the piglets’ responses to the procedure, here 

classified as acute responses (recorded during the procedure), post-surgical responses (recorded in the 

minutes and hours following the procedure) and long-term consequences (recorded in the weeks 

following the procedure and in later life). It is worth mentioning that long-term effects of surgical 

castration may be the result of both the surgical procedure in itself as well as the deprivation of the 

testicular hormones.  

Acute responses to surgical castration include behavioural reactions such as the performance 

of high pitch (> 1000 Hz), high energy vocalizations (Marx et al., 2003; Marchant-Forde et al., 2009), 

display of front leg movements described as resistance (Prunier, 2002), defense behaviour (Leidig et 

al., 2009), or escape attempts (Marchant-Forde et al., 2009), and modification of the piglet’s facial 

features recorded as part of a grimace scale (Viscardi and Turner, 2018). Autonomic responses were 

also recorded in the form of increased heart rate, respiratory rate, and blood pressure (White et al., 

1995), as well as elevated ear (Hansson et al., 2011), cranial (Bates et al., 2014), eye and rectal 
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temperatures (Lonardi et al., 2015). Neural parameters recorded include modification in the brain 

activity of piglets undergoing surgical castration (Prunier et al., 2006), notably electro-

encephalographic (EEG) change (Söbbeler et al., 2022). Endocrine measurements performed in the 

minutes following the procedure show a clear activation of the hypothalamus and autonomic nervous 

system. Plasma ACTH peaks approximately 5 min after surgery (Prunier, 2002), and a significant 

increase in plasma cortisol is recorded 15-30 min after castration (Prunier, 2002; Carroll et al., 2006; 

Llamas Moya et al., 2008). Increased levels of adrenaline and noradrenaline have also been recorded 

(Prunier, 2002; Hay et al., 2003). As a result of activation of the pituitary cortex and medulla, higher 

levels of circulating lactate and glucose have been measured in response to castration (see Chapter 2; 

Prunier, 2002; Prunier et al., 2005), although other papers have also reported no difference between 

piglets castrated and sham-handled for these indicators (e.g., Lonardi et al., 2015). 

In the hours and days following surgery, the endocrine status of the pigs suggests that the 

hypothalamus and autonomic nervous system have returned to baseline activity (Prunier et al., 2006). 

However, post-surgical piglet behaviour may be modified for a longer time. In the first hours following 

the procedure, and as compared to sham-handled conspecifics, castrated piglets have been shown to 

be less active (Hay et al., 2003; Carroll et al., 2006) and less social (Hay et al., 2003; Llamas Moya et 

al., 2008), and to display altered locomotion patterns including ‘tip-toe’ walking, weakened and 

protracted limbs, and back hunching (Lonardi et al., 2015). Piglets also exhibit castration-related 

behaviours including huddling up (lying down with at least 3 legs tugged under the body), being 

prostrated (standing inactive with head below shoulder level), having a stiff body, displaying shivering 

and spams, and scratching the rump area (Hay et al., 2003; Llamas Moya et al., 2008). Effects of 

castration were also recorded in terms of immune function, with increase concentrations of C-reactive 

protein (CRP) and Serum Amyloid A (SAA; Hansson et al., 2011; Sutherland et al., 2012) in the first 

hours after the procedure, indicative of an inflammatory reaction (see details of the role of acute phase 

protein in inflammation and pain in DeVon et al., 2014). Other studies have reported indications of 

immunosuppression in castrated piglets (Lessard et al., 2002), which have been correlated to the 

release of ACTH and cortisol as part of the HPA-axis response (Fig. 2; Prunier et al., 2006). Overall, 

studies reporting effects of castration in terms of piglet growth and mortality in the days following the 

procedure show no clear effect. Several studies have shown no impact of castration on piglet 

performance (Hay et al., 2003; Carroll et al., 2006; Sutherland et al., 2012), but some studies have 

identified a negative impact on growth, especially in the first day following the procedure (McGlone 

et al., 1993; Kielly et al., 1999). Similarly, mortality rate is usually reported not to be affected by 
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castration (Hansson et al., 2011; Bonastre et al., 2016), though authors have suggested that indirect 

effects of castration, such as immunosuppression or wound infections, may decrease the survival rate 

of the piglets (Lessard et al., 2002; Prunier et al., 2006). 

Long term effects of surgical castration include a lower feed conversion as compared to non-

castrated littermates (Squires and Bonneau, 2014). In other terms, castrated piglets eat more feed than 

entire males, for a lower growth rate. A study also suggested that castration may influence the health 

of the pigs in the post-weaning phase, with a higher prevalence of pneumonia and chronic 

inflammation (de Kruijf and Welling, 1988), though these results are relatively dated and may need 

validation. Long term impacts of surgical castration have also been discussed in terms of potential 

nerve damage and sensitivity to pain in later life. A study has shown an impact of castration on the 

number of neurons expressing the protein c-fos in the thoracic and lumbar spinal cord of piglets 

(Nyborg et al., 2000). In this study, castrated pigs showed an increased number of activated neurons 2 

h after the procedure, inferring an increased transmission of nociceptive stimuli to the brain. Put 

simply, the tested pigs were potentially more sensitive to pain than the control group castrated with 

local anesthesia. Abnormal enhancement of the sensitivity to nociceptive stimuli, also called 

hyperalgesia, can be quantified mechanically, and has been studied in relation to the efficacy of topical 

anesthesia (Sheil et al., 2020). Yet, in studies on piglet castration, this type of testing remains rare, and 

no study has focused on the consequence of castration as compared to sham-handling. In addition, no 

study has followed the sensitivity of castrated piglets to mechanical or thermal stimuli in the groin area 

up until slaughter. In humans, a large focus has been given to the understanding of chronification, a 

process in which transient, neuropathic, pain progresses into persistent, chronic, pain (Ossipov et al., 

2014), a mechanism suggested to be involved, for instance, in the increased sensitivity of de-beaked 

hens (Prunier et al., 2006). Yet, this phenomenon is still largely undocumented in relation to piglet 

castration. Overall, potential long term consequences of castration-induced hyperalgesia or other nerve 

damage remain poorly understood.  

Another important consequence of surgical castration is the potential longer-term affective and 

cognitive impact. In humans, but also in animal models species such as laboratory rats and zebra fish, 

exposure to an early-life painful experience (such as repeated skin incisions or acetic acid exposure) 

has been shown to increase anxiety and decrease cognition in later life (Abreu et al., 2022). 

Interestingly, certain types of early-life experiences also resulted in reduced emotional responsiveness 

to stress and increased motivation to explore a novel area in adulthood (Abreu et al., 2022). While 

those phenomena remain poorly investigated in pigs, authors have suggested that castration may result 
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in a conditioning effect leading to higher stress reactions to handling and human contact, lasting at 

least 5 weeks (Prunier et al., 2006; Brajon et al., 2015). 

Lastly, important but often overlooked indirect effects of castration are the behavioural 

alterations of non-castrated littermates (Yun et al., 2019), potentially due to an increased stress level 

resulting from social emotional contagion (Reimert et al., 2013). Similarly, it can be hypothesized that 

distress calls emitted by the piglets may result in increased stress and arousal in the sow. Yet, while 

sow response to piglet screaming has been documented in relation to crushing of piglets (Cronin and 

Cropley, 1991), data is still missing regarding handling and castration. 

Altogether, these studies place surgical castration as a practice with severe consequences for 

piglet welfare (EFSA AHAW Panel, 2022). As a result, scientists have focused on either finding 

alternatives to castration (a topic that is outside of the scope of the thesis but discussed in Chapter 8), 

or developing different strategies to mitigate piglet pain and stress during the procedure and alleviate 

post-surgical reactions. 

b. Pain-reducing strategies: mechanisms and efficacy 

Different strategies exist to mitigate piglet pain responses to surgical castration. This section 

will provide an overview of these methods, their mechanisms, and reported efficacy. 

Administration of analgesia is a common form of pain relief, mandatory in several European 

countries. Administered a few minutes prior to castration in the form of a non-steroidal anti-

inflammatory drug (NSAID), such as meloxicam, ketoprofen or flunixin, this method primarily aims 

at alleviating piglet pain and stress responses following the procedure. The active molecules work by 

disrupting the transmission of the nociceptive stimuli to the brain, resulting in temporarily reduced 

pain perception (see Fig. 1, Courboulay et al., 2018), and by inhibiting the synthesis of prostaglandins 

and thus limiting the inflammatory response (Pountos et al., 2011). Studies have shown a reduction in 

the expression of behaviours initially elevated after castration (such as huddling up, prostrated or rump-

scratching) in the days after surgery when piglets were administered meloxicam (Keita et al., 2010; 

Hansson et al., 2011; Kluivers-Poodt et al., 2013). However, a recent study showed that neither 

meloxicam nor ketoprofen effectively alleviated castration pain in piglets, as measured by facial 

grimacing and post-procedural behaviours (Viscardi and Turner, 2019). The authors suggested that the 

drugs were insufficient to suppress the pain related to pro-inflammatory prostaglandins. Other authors 

highlighted that, although potentially beneficial in post-castration phase, a simple dose of NSAID (in 

that case, meloxicam) wears off within 24 h (Keita et al., 2010), highlighting the need for repeated 
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administration (EFSA AHAW Panel, 2022). The NSAID is most often administered in the form of an 

intra-muscular injection, but it is worth mentioning that alternative routes of administration have been 

explored. Oral administration of meloxicam and transdermal administration of flunixin have shown to 

be unsatisfactory (Burkemper et al., 2020; Merenda et al., 2022), but transmammary-delivery, i.e. 

administration to the sow and transmission to the piglets via milk intake, has shown promising results 

(Bates et al., 2014). Yet, regardless of the route of injection, analgesia, as given currently in the minutes 

prior to castration, does not allow a reduction of piglet acute pain and stress during the castration 

procedure in itself (Keita et al., 2010; Hansson et al., 2011; Kluivers-Poodt et al., 2013). 

In order to alleviate pain during surgical castration, anesthesia is the most prevalent method. 

General anesthesia is used in some countries (e.g. mandatory in Germany since 2021), and aims at 

relieving the piglets by inducing unconsciousness during the procedure, preventing the brain from 

perceiving any stimuli (Courboulay et al., 2018). To do so, piglets are typically injected with opioids 

(such as butorphanol and buprenophrine) or a mixture of azaperone and ketamine, or exposed to an 

anesthetic gas, namely isoflurane or CO2 (EFSA AHAW Panel, 2022). The combination of ketamine 

and azaperone showed promising results to anesthetizing piglets at castration, although measures have 

to be taken to prevent hypothermia or crushing upon awakening (EFSA AHAW Panel, 2022). 

Although isoflurane has been reported as safe and effective (Walker et al., 2004), a study in practice 

showed that 14% of the piglets were not sufficiently anesthetized (Enz et al., 2013). Piglets 

anesthetized with a mixture of CO2 and O2 have showed no reaction to castration as measured by EEG 

or ECG readings, relating brain activity (Kluivers et al., 2007) and behavioural indicators (Kolher et 

al., 1998). However, short-lasting general anesthesia cannot stand alone, as the pain related to the 

inflammation of the tissues is perceivable as soon as the anesthesia stops acting (Courboulay et al., 

2018). Behavioural alterations associated with pain and discomfort have for instance been recorded up 

to 6 days after castration under CO2 anesthesia (van Beirendonck et al., 2011). In addition to the 

limitations of using general anesthesia in terms of pain relief, concern has been raised regarding 

potential welfare risks associated with the induction of the general anesthesia as well as for the health 

of the piglets. During the induction of general anesthesia based on CO2, signs of discomfort involving 

restlessness and hyperventilation have been recorded, while malignant hyperthermia, poor wound 

healing and increased mortality (notably due to enhanced risk of crushing resulting from 

incoordination upon waking up) are potential side-effects (Prunier et al., 2006; Kluivers et al., 2007). 

In addition, the use of general anesthesia requires a relatively complex set-up that is costly for the 

farmers (Kluivers et al., 2007), and potentially exposes farm employees to drug particles that could be 



Background 
 

37 
 

detrimental for their health, especially in case of recurrent exposure (Prunier et al., 2006). For instance, 

22% of the farmers performing castration under isoflurane-induced general anesthesia in Switzerland 

reported dizziness or headaches following of the procedure (Enz et al., 2013). For these reasons, local 

anesthesia is often preferred.  

Used for piglet castration already 35 years ago (McGlone and Hellman, 1988), local anesthetics 

are currently in use in several European countries (Fredriksen et al., 2009). Local anesthesia of the 

testes, spermatic cord and surrounding tissues is obtained by blocking the initiation and propagation 

of action potentials in nerve cells (i.e., in nociceptors), allowing to desensitize the innervated tissues, 

thus preventing nociceptive stimuli from being transmitted to the brain (see Fig. 1, Ranheim and Haga, 

2006; Courboulay et al., 2018). Different anesthetics, lidocaine, procaine, mepivacaine or bupivacaine, 

are available for farmers to use, depending on national legislations (EFSA AHAW Panel, 2022). For 

more detailed explanation on the pharmacology of different types of local anesthetics, see Tetzlaff 

(2000). Efficacy of these drugs as administered under different protocols has been reported in the 

literature, but methodological differences (explained in the next section) have limited the formulation 

of a consensus for best practice (Bateson, 1991). Administration of lidocaine has been shown to 

alleviate piglet pain and stress during castration, as measured by a decrease in the expression of high 

pitch vocalizations (Marx et al., 2003; Hansson et al., 2011) and foreleg movements (Hansson et al., 

2011; Saller et al., 2020), a lower heart rate (White et al., 1995), lower arterial blood pressure (Haga 

and Ranheim, 2005), and lower ear temperature (Hansson et al., 2011), a decreased brain activity 

quantified using EGG recordings (Haga and Ranheim, 2005; Söbbeler et al., 2022) and an alleviation 

of the plasma glucose response (Bonastre et al., 2016) as compared to piglets castrated without 

anesthesia. One study also suggested benefits of lidocaine injection in terms of long-term weight gain 

(i.e., until 16 weeks of age; Telles et al., 2016). Other studies did not find this effect (Hansson et al., 

2011), but only investigated the piglet performance in the 3 weeks following the procedure. Lidocaine 

injections have, however, also been shown to potentially affect the piglet welfare negatively, as piglets 

injected with the anesthetic were reported to have more swollen castration wounds than piglets 

castrated without anesthesia (Hansson et al., 2011), and potential drug-induced side effects related to 

locomotor impairments have been recorded immediately after castration (Abendschön et al., 2020). 

Procaine is described as having a reduced likelihood of side effects, due to the lower solubility (thus, 

diffusion) of the drug (Pugh, 1991). However, efficacy of procaine is still under debate, and the 

anesthetic has been reported to be less efficient than lidocaine or mepivacaine (Abendschön et al., 

2020; Skade et al., 2021; Söbbeler et al., 2022), and overall not effective for relieving piglet pain and 
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stress at castration (Leidig et al., 2009; Scollo et al., 2021). Those results are likely explained by 

textbook reports of procaine having half the anesthetic potency of lidocaine, a lower diffusing ability, 

and a shorter duration of action (Pugh, 1991). A recent study also suggested that procaine and 

bupivacaine were only effective during severing of the spermatic cord as opposed to lidocaine and 

mepivacaine, relieving piglets during both skin incision and severing of the spermatic cords 

(Abendschön et al., 2020).  

Regardless of the anesthetic used, local anesthesia is typically administered through intra-testicular or 

intra-funicular (i.e. in the spermatic cord) injections performed 5 to 30 min prior to castration, 

depending on the product (Courboulay et al., 2018). This procedure is not harmless, as the injection 

has been described to be painful (Kluivers et al., 2007; Saller et al., 2020), while the required handling 

and restraint may represent a stress for the piglets (Leidig et al., 2009). An article even reported 

increased cortisol levels one hour after castration in piglets anesthetized with procaine as compared to 

piglets castrated without anesthesia (Zöls et al., 2006). Recently, topical application of anesthetics has 

been investigated. Topical lidocaine or cetacaine administration showed unsuccessful (Sutherland et 

al., 2010; Burkemper et al., 2020), but topical Tri-Solfen, a combination of local anesthetic and 

antiseptic, has shown to decrease piglet vocal responses to castration by almost 50% and to limit wound 

sensitivity in the two hours following the procedure (Sheil et al., 2020). Recent studies have also 

reported benefits of injecting local anesthetics in piglets under light isoflurane anesthesia (Saller et al., 

2020; Werner et al., 2022), but reports of the post-surgical consequences of this method are lacking. 

Regardless of the efficacy of local anesthesia to relieve intra-operative pain, the drugs provide minimal 

analgesia in the post-operative phase (Viscardi and Turner, 2018). In a recent report, the European 

Food Safety Authority (EFSA) concluded that ‘None of the molecules available are fully effective for 

pain relief when used alone, and to achieve adequate pain relief, a combination of analgesics and 

anesthetics is needed’ (EFSA AHAW Panel, 2022). Studies have indeed reported increased alleviation 

of the piglets’ responses to castration if local anesthesia is applied in combination with analgesia 

(Hansson et al., 2011; Bonastre et al., 2016). Administration of lidocaine and meloxicam were reported 

to further reduce piglet responses during castration, as measured by a decrease in saliva cortisol 

response as compared to administration of lidocaine alone (Bonastre et al., 2016). In addition, in the 

post-surgical phase, this same combination of drugs led to a decrease of SAA concentrations, 

indicative of inflammation, as compared to lidocaine alone (Hansson et al., 2011). Yet, another study 

has found no benefit of adding meloxicam to the administration of lidocaine (Kluivers-Poodt et al., 

2012), while a recent study suggested that meloxicam may have a greater efficacy when administered 
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alone rather than in combination with procaine (Scollo et al., 2021). The authors of that paper 

suggested that, besides the inability of procaine to fully block nociception, the low pH of the solution 

may induce a burning sensation at injection, resulting in hyperalgesia in the scrotal area. In addition, 

anesthetics in the family of esters are known to induce local reactions in surrounding tissues (such as 

irritation or dermatitis), which, however, may have been prevented by the anti-inflammatory properties 

of meloxicam (Scollo et al., 2021). It is also important to keep in mind that the use of local anesthesia 

and/or analgesia may in itself have negative consequences. A recent study found increased mortality 

in piglets administered a combination of meloxicam and procaine as compared to piglets castrated 

without pain mitigation (Scollo et al., 2021). As a result of this loss, together with the price of the 

products and the cost of labor, castrating piglets with anesthesia and analgesia has been evaluated to 

cost an additional 2.98 € (approximately 22 DKK) per pig as compared to castration without pain 

mitigation (Scollo et al., 2021). It should be mentioned, though, that this cost was calculated based on 

prices of the Italian market and included 0.54 € (4 DKK) of veterinarian intervention, which is not 

always required, depending on national legislations.   

Lastly, it is worth noting that alternative, potentially less invasive, methods have been 

investigated to relieve piglet pain and stress, including at castration via administration of nitrous oxide 

(commonly known as laughing gas; Rault and Lay, 2011), and in the post-operative phase via provision 

of environmental enrichment (Backus and McGlone, 2018), but neither has proven successful so far. 

However, oral administration of sucrose prior to the procedure as a potential analgesic has been 

suggested to provide some degree of relief to the piglets, as measured via a reduced navigation time in 

a handling chute following castration (Davis et al., 2017), although further studies involving acute 

recordings are needed to confirm these conclusions. 

Altogether, different strategies are available to reduce piglet responses at surgical castration 

and in the immediate post-surgical phase, and they all present benefits and drawbacks. Overall, 

although the European Commission has emitted several recommendations with regards to the 

procedure of piglet castration, national legislations greatly vary in terms of methods of relief and 

associated products approved. 

c. Legislation in EU and Denmark, and routes of improvement of local anesthesia 

Considering the important welfare consequences of surgical castration of piglets, the European 

Commission released, in 2010, the ‘European Declaration on alternatives to surgical castration of pigs’ 

(European Commission, 2020). The declaration stipulated that, from 2012, all surgical castration of 



Background 
 

40 
 

piglets should be performed under provision of prolonged analgesia and/or anesthesia, and that surgical 

castration should be altogether banned from 2018 (European Commission, 2020). Yet, implementing 

policies regarding castration of piglets and associated pain mitigation strategies is a complex matter in 

the European Union (see further discussion in the last chapter of the thesis). Indeed, although the EU 

communicates recommendations and guidelines, each member state has its own legislative standards 

for farm animals (Lin-Schilstra and Ingenbleek, 2022). As a result, large national variations exist in 

terms of prevalence of surgical castration and type of pain mitigation. An extensive work published in 

2016 - 4 years after the first EU deadline on the use of pain mitigation - revealed that only 41% of the 

surgically castrated pigs in the EU received anesthesia, including 5% receiving anesthesia and 

analgesia in combination (De Briyne et al., 2016). At that time, more than half of the male pigs in the 

EU were surgically castrated without any pain mitigation. Application of pain mitigation strategies 

ranged from administration of anesthesia and analgesia in all surgically castrated pigs in Germany or 

Sweden, from its complete absence in Portugal, Latvia or Hungary. 

The matter gets even more complicated considering that approval of certain types of anesthetic 

or analgesics also differ between member states. As explained in details in Prunier et al. (2006), drugs 

used in animals reared for human consumption are subjected to specific regulations in EU countries 

and Norway. Substances are classified in different lists, depending on whether a maximum residue 

limit (MRL, maximum allowed concentration of the drugs residuals in food products) has been 

determined or not, and on potential restrictions in terms of species or routes of administration. For 

instance, a MRL has not been determined for lidocaine but its use is officially limited to equine species. 

Yet, certain countries such as France and Norway have emitted special permissions for lidocaine to be 

used in surgical castration of piglets, given that the procedure is monitored by a veterinarian and 

performed more than 28 days prior to slaughter. Nevertheless, procaine remained, in 2016, the most 

used local anesthetic in the EU, and was applied in Belgium, the Netherlands, or Spain, among others 

(De Briyne et al., 2016). Another international survey, comparable to the one performed by De Briyne 

et al. (2016), is however needed to actualize these data. 

In Denmark, one of the largest pig producers in Europe with over 33 million pig born every 

year (Danish Agriculture & Food Council, 2022), both analgesia and anesthesia are administered to 

the piglets prior to castration. Use of analgesia (in practice, meloxicam, ketoprofen or flunixin) has 

been a requirement of the Danish pig industry since 2009, and became a legal obligation in 2011 

(Bekendtgørelse om halekupering og kastration af dyr, 2018). In addition, following an initiative from 

the pig industry in 2019, local anesthesia must be administered prior to piglet castration. At the 
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moment, procaine is the only approved anesthetic for that use, and two products are available on the 

market, Procamidor Vet (20 mg/mL, Richter Pharma AG, Austria) and Pronestesic (40 mg/mL, Fatro 

S.P.A., Italy).  

According to recent legislation, Danish farmers and their employees are allowed to administer 

the local anesthetic themselves, after completing two days of training led by a veterinarian, which 

include lectures on the nature and potential side-effects of procaine, and practice of injection and 

castration on at least 10 piglets (Danish Agriculture and Food Council, 2019). In addition, farmers 

must comply with the approved methods of administration of the local anesthetic described by the 

Danish Veterinary and Food Administration (DVFA), part of the Ministry of Food, Agriculture and 

Fisheries of Denmark (Danish Agriculture and Food Council, 2019). These include a maximum 

injection volume of 0.5 mL of drug per teste, and the use of an intra-funicular injection route.  

Yet, a report on interviews of Danish and Swedish veterinary anesthesia experts, including 

practitioners, showed a general concern regarding the painfulness of the local anesthetic injection, and 

a negative opinion of the efficacy of procaine to relieve piglet pain at castration (Kongsted et al., 2018). 

In addition, the authors of the report highlighted the existence of other, potentially more easily 

applicable, routes of administration, including intra-testicular injection (i.e., injection of the entire 

volume of drug at the center of the testis). The authors also concluded that the welfare impact of the 

practice of local anesthesia as allowed in Denmark was poorly documented. This lack of knowledge 

applied to aspects such as the technique of injection, the required waiting time between injection of 

anesthesia and castration, and the volume of drug injected. These elements may be of importance for 

the efficacy of the procedure, i.e. strength of the anesthetic effect, as well as its impact on animal 

welfare, i.e. pain, stress and discomfort experienced by piglets during injection and handling.  

Therefore, following the 2018 report, the DVFA commissioned a large scale project, which is 

the basis for the experiments included in this thesis. The overall aim was to clarify the best way to 

administer local anesthesia and the welfare impact of the procedure when applied in practice. Such 

investigation required a thorough analysis and understanding of the means of assessing piglet welfare 

in terms of pain and stress, which is often a challenge. 
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3.2. Evaluating pain in neonates piglets: challenges and considerations 

a. What is pain? Definition and concepts  

Although most people share an intuitive understanding of what pain is through personal 

experience, defining the concept in rigorous, comprehensive terms is not simple. The International 

Association for the Study of Pain (IASP) recently updated its definition, as “an unpleasant sensory 

and emotional experience associated with, or resembling that associated with, actual or potential 

tissue damage” (Raja et al., 2020). This definition, revised in 2020, highlights the importance of the 

emotional aspect of pain, and its potential independence from actual damage (i.e., pain can be 

experienced even in the absence of, or after healing from, tissue damage), notably in relation to chronic 

pain. Further, the definition was published with addition of notes, including the following: 

 Verbal description is only one of several behaviors to express pain; inability to 

communicate does not negate the possibility that a human or a nonhuman animal 

experiences pain. 

This note includes the crucial question of the existence of pain in animals. Of course, empirical 

research will never be able to show ‘what it is like’ to be a nonhuman animal (Allen et al., 2005) - or 

even a human, for that matter - but the existence of such emotional state in mammals is no longer 

questioned within the scientific community (e.g., as reviewed by Mogil (2019) and Krett et al. (2022) 

in terms of pain). Pigs are even used as model animals in studies of human pain (Castel et al., 2017). 

Different criteria have been proposed to qualify evidence of the presence of pain in non-human 

animals. More than 30 years ago, Bateson (1991) suggested that possession of nociceptors, brain 

structures analogous to the human cerebral cortex, and reduction in adverse behavioural or 

physiological effects after administration of analgesia should be included in a list of criteria to 

document animal pain. More recently a list of suggested criteria focused on whole animal responses 

that differ from innocuous stimulation, and the documentation of changes in motivation (Sneddon et 

al., 2014). As reviewed by Sneddon et al. (2014) a large core of evidence show that mammals fulfill 

these criteria. The existence of pain and other emotional states in mammals is not further discussed in 

the thesis, but more details on assessing the presence of emotional and sensory aspects of pain in non-

human animals can be consulted in Sneddon et al. (2014), Kret et al. (2022), and Mogil (2009).  

Only few decades ago, it was believed that the neural development of neonates was unfit with the 

experience of the aversive aspects of pain, e.g. due to the immaturity of the nociceptive neonatal pain 

pathways, achieving mature functioning at approximately 2 months of age (Arias and Guinsburg, 
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2012). However, we now know that this different development stage as compared to adults does not 

infer that neonates are unable to experience pain (Fitzgerald, 2015). In fact, in human babies, the 

developing neural pathways seem to lead to a hypersensitivity to pain and touch rather than an inability 

to experience pain (Hatfield, 2014). A similar variation in sensitivity to a nociceptive stimuli may exist 

in relation to age in piglets (Prunier et al., 2020). However, pigs are precocial species, meaning that 

their neurological system is matured at the time of birth, although the brain continues to develop after 

birth (EFSA, 2017). In other words, pain pathways are developed and functional as early as one day 

of age. When submitted to a series of tests one day after birth, piglets successfully completed most of 

the proprioception tests, including a withdrawal reflex upon application of a noxious stimulus on the 

body (Roelofs et al., 2019). Nevertheless, although the presence of pain in neonates is not questioned, 

the recording of this state may present additional challenges. Behavioural responses to castration may 

for instance be more diffuse and variable in neonates than in adult pigs (Hatfield, 2014). As explained 

in Hatfield (2014), some pain processes and responses are unique to neonates, rendering them at risk 

of inadequate pain treatment. The age of the tested individual and the development stage of the neural 

pathways are therefore important factors to consider.  

 Pain and nociception are different phenomena. Pain cannot be inferred solely from 

activity in sensory neurons. 

As previously explained, perception of pain occurs in the somatosensory complex, which, in 

humans and non-human mammals, takes place in the brain cortex (Viñuela-Fernández et al., 2007). 

Activation of the nociceptors and transmission in the spinal cord is referred to as nociception, a term 

coined by Sherrington (1906), and does not, in itself, lead to an emotional experience of pain, although 

physiological reactions may occur (Sneddon et al., 2014). One illustration of this phenomenon is that 

humans with damaged spinal cords have nociception taking place in the peripheral parts of their bodies 

(i.e., activation of the nociceptors and start of signal transmission) but report no experience of pain 

(Macphail, 1998). This notion infers that detection of painful experience in non-verbal humans or 

animals should combine evidence of activation of key physiological systems (see the Refresher 

chapter) and subjective experience - or “felt emotion” (Weary et al., 2017; Herskin and Di Giminiani, 

2018). Thus, identification of pain should reflect that the animal (1) shows signs of having perceived 

the stimuli and (2) shows signs of a resultant negatively valenced affective state (Weary et al., 2017). 

Additionally, it has been suggested that there are two pathways to follow to increase the understanding 

of animal pain; One associated with sensory characteristics, i.e., modality, location and intensity of 

pain, and one determining the unpleasantness that the individual attributes to a tissue damaging 
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stimulus (Shriver, 2006). Other work have classified these components as sensory-discriminative, 

affective-motivational, and cognitive-evaluative (Melzack and Casey, 1968). These concepts support 

the need to account not only for physiological elements relating to the perception of pain, but also for 

cognitive and affective components, illustrating its impact on the individual’s mental states. 

While on the topic of defining concepts, I would like to address the relation between pain and 

stress. Indeed, these concepts can be difficult to define and put in perspective. In this thesis, stress is 

defined as the combination of physiological and behavioral responses to a stressor, i.e. stimulus 

induced by external or internal events posing real or perceived threat to homeostasis (from Mellor et 

al., 2000 and Moberg, 2000). Pain is considered a stressor (Mellor et al., 2000). That it, the 

interpretation of a noxious stimulus as painful, and the tissue damage, elicit a physiological reaction 

characterized by the activation of the ANS and hypothalamus, resulting in the endocrine, autonomic 

and behaviour cascade described in section 2.2, which is accompanied by an emotional component (in 

the context of castration, expected to be of negative valence). Thus, there cannot be pain without stress. 

However, stress can exist in the absence of pain, e.g. during handling. Consequently, identifying to 

what extent a procedure is painful, and not just stressful, can be particularly complex. Yet, the 

distinction is of importance in our context, in order to suggest adapted solution. A procedure identified 

as painful can for instance be improved with anesthesia or analgesia, whereas a procedure identified 

as ‘only’ stressful can be modulated with e.g., handling strategies.  

 Pain is always a personal experience that is influenced to varying degrees by 

biological, psychological and social factors. 

This note highlights the subjectivity of the experience of pain, which may vary from one 

individual to another. In other words, one specific stimulus, such as testicular injection, may lead to 

different degrees of responses in different piglets, based on their biology and environment. It is known 

from literature that a number of genes play a role in the determination of pain sensitivity in mammals 

(Young et al., 2012). In studies of inbred strains of rats and mice, 28 to 76% of the individual variation 

in response to a painful event is attributed to (between strain) genetic differences, with a heritability 

of pain sensitivity estimated at almost 70% (Nielsen et al., 2009). Thus, individual variation may be 

lower within a litter of piglets, but other, external effects, are also at stake. Epigenetic factors relating 

to perinatal experience of stress and pain (such as non-lethal crushing or diseases) are likely to affect 

the pain sensitivity and threshold (i.e., the smallest stimulus intensity perceived to be painful; Nielsen 

et al., 2009). The nutritive and energetic state of the individual (Mogil, 2009), as well as subtle aspects 
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of the handling and social environment, may additionally modulate the animal’s response to a painful 

stimulus (Nielsen et al., 2009). Findings in humans also showed a correlation between personality and 

visceral pain-related parasympathetic changes (Paine et al., 2009). In piglets, factors relating to the 

coping style (‘proactivity’ or ‘reactivity’, as defined with a back test) are thought to modulate affective 

and autonomic reactions to differ stressors, as measured by the response in behaviour, brain activity, 

blood pressure and body temperature (Krause et al., 2017) - although the validity of this approach can 

be discussed. Altogether, these data highlight that individual differences in piglets’ pain and stress 

responses to injection and castration must be carefully considered.  

 Overall, a careful reading of the definition of pain provides key elements of understanding of 

how pain may be expressed in piglets. Nevertheless, recording pain remains a challenge. While the 

gold standard in human is verbal report of subjective experience, such a tool is not available in non-

human animals. Instead, indicators of the different aspects of pain - e.g., the sensory, motivational and 

affective elements, have to recorded and interpreted. 

b. General approaches and challenges to recording piglet pain, stress and welfare in the 

context of castration  

In humans, verbal reports allow clinicians to assess the nature and magnitude of individuals’ 

painful experiences (although these reports may be influenced by other factors such placebo and 

nocebo effects, see Colloca and Grillon, 2014). In the absence of such tool in non-human animals, 

indirect indicators must be measured and interpreted as signs of pain (Ison et al., 2016). Importantly, 

this section does not detail nor discuss every single indicator used in castration studies. Though 

interesting, such a thorough report would require dozen pages. In addition, this work has already been 

the topic of a rather comprehensive review by Sheil and Polkinghorne (2020). Instead, this section 

discusses the general approach taken to record pain and stress in castration studies. Nevertheless, the 

nature and relevance of certain indicators will be further discussed throughout the thesis.   

In the context of piglet surgical castration, indicators of pain, and thus reduced animal welfare, 

include physiological, immunological, neural, behavioural, motivational, cognitive, and performance 

measures (Sheil and Polkinghorne, 2020; see overview in Fig. 4). However, no single indicator has 

been established as gold standard for assessment of pain in pigs (or any other non-human animal). 

Each indicator must therefore be thoroughly assessed in terms of specificity, sensitivity and reliability 

(Ison et al., 2016). 



Background 
 

46 
 

Pain and other aversive states involving emotional components share similar physiological pathways 

of responses (Tennant, 2013). Consequently, the evaluation of single indicators is often not sufficient 

to conclude on the emotional nature of the response recorded. In other words, some indicators lack 

specificity (Trevethan, 2017). Indeed, pain is a stressor (Mellor et al., 2000), and therefore pain cannot 

be experienced without stress, but a stressful state can exist in the absence of pain. Consequently, 

indicators reporting, for instance, elements of the HPA-axis cascade may indicate a pain-related stress 

response, but may also relate responses to stressors not involving pain (Tennant, 2013). In that sense, 

an increase in glycaemia, adrenaline or cortisol indicates a stress response, but may not be specific 

enough to be interpreted as pain when standing alone. In addition, other aversive states such as fear, 

discomfort or malaise can potentially be experienced in response to a noxious stimulus such as 

castration, hampering the sole recording of pain (Ison et al., 2016).  

Castration is not only complex in terms of the involvement of - potentially more than one - specific 

aversive state, but also involves handling and surgery, which poses a risk for certain indicators facing 

methodological limitation of sensitivity (Trevethan, 2017). This concept relates to the degree of which 

an indicator is able detect pain at low levels and increase with the severity of pain (Ison et al., 2016). 

Poorly sensitive indicators would not be able to record subtle differences in the examined states, or, at 

the opposite, show a large magnitude of change over a small difference in the examined states, 

potentially resulting in plateau or ceiling effects (i.e., showing a similar response even when pain is 

increasing; Ison et al. 2016). This limitation opens the possibility for misinterpretation of the results, 

and potential under- or overrepresentation of the painfulness of a tissue damaging stimulus. 

Lastly, indicators may face issues of reliability. In other words, they may not always show comparable 

results over time between and within observers (Ison et al., 2016). This limitation is typically discussed 

in relation to behavioural measures (Ison et al., 2016). Indeed, depending on the recording method, 

quantifying certain behavioural indicators require analysis by an experimenter. Classically, an observer 

watches video recordings of the behaving animal and records the occurrence of certain behaviours 

according to a pre-set level of sampling techniques or rules (Bateson and Martin, 2021). Yet, although 

behaviours are described precisely prior to the start of the observation, e.g. in an ethogram (Bateson 

and Martin, 2021), identifying and correctly classifying certain subtle behaviours can be a challenge 

(Mellor et al., 2000). Other types of behavioural scoring also require a form of subjective assessment 

from the experimenter, which may lead to individual differences in scoring. Research indeed shows 

that certain behavioural recording may be impacted by the background of the observer and his level of 

knowledge over the experimental design, creating an observer bias (e.g., Tuyttens et al., 2014). 
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Importantly, this potential bias is often not voluntary nor conscious, but it cannot be overlooked. Limits 

of reliability can also emerge from other types of indicators. For instance, in case of physiological 

recording, results may vary depending on the time of day of sampling (e.g., Gallagher et al., 2002), 

the method of sampling (e.g., Talge et al., 2005), the observer performing the sampling (Tuyttens et 

al., 2014), but also the nature of the assay and analysis performed in the laboratory (e.g., Hanneman 

et al., 2011). Overall, several factors can impact the outcome of an indicator over time, the influence 

of which can be minimized by use of different measures of standardization, randomization or blinding 

as well as by use of multiple indicators. Below, I will address some of these methodological aspects.  

First of all, potential misinterpretation of the results due to methodological limitations inherent 

to specific indicators may be avoided by evaluating multiple indicators, preferably of a different nature, 

together (Leliveld et al., 2016; Baysinger et al., 2021). This concept, often referred to as 

methodological triangulation, is popular outside of the scope of animal sciences, and early documents 

on the philosophy of natural sciences already reported that “The confirmation of a hypothesis depends 

not only on the quantity of the favorable evidence available, but also on its variety: the greater the 

variety, the stronger the resulting support” (Hempel, 1967). For piglet pain assessment, such multi-

dimensional approach also fulfills the aim of recording the sensory and motivational elements of pain 

(Ison et al., 2016), which is in line with authors advocating that the responses to pain should be 

assessed together as evidence of a complex experience rather than as individual isolated indices 

(Sneddon et al., 2014). This approach also allows the reporting of not only specific elements related 

to pain, but providing an overview of the animal welfare impact of the procedure under study. Indeed, 

most studies have not only focused on evaluating acute responses of piglets to castration or anesthesia, 

but also aimed to address post-surgical effects such as wound healing or piglet performance (e.g., 

Kluivers-Poodt et al., 2013). Yet, even with a multi-dimensional approach, the choice of indicators is 

of importance. A recent study reviewed the specificity and sensitivity of various indicators used to 

record neonatal piglets’ responses to castration, and suggested certain types of indicators as optimal 

outcome variables (Sheil and Polkinghorne, 2020).  

Second, the inclusion of appropriate control groups is crucial. In order to evaluate the impact of 

surgical castration, piglets’ responses may be compared with those of piglets handled without tissue 

damage, as for example done by Taylor and Weary (2000). In such a scenario, where piglets from both 

experimental treatments would be expected to experience aversive emotional states due to the stress, 

discomfort and fear of being handled, the difference in response can be interpreted as indicating the 

painful aspect of surgical castration.



 

 

  

 

Figure 4. Overview of the different indicators of animal welfare recorded in studies on castration of piglets 

The diagram aims to provide the reader with an overview of all types of indicators and parameters used in the literature. For further details on each specific 

parameter, see Ison et al. (2016). Figure by M. Coutant.
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When evaluating the efficacy of a pain mitigating procedure, responses to the experimental treatment 

are often compared with a control group castrated without anesthesia nor analgesia (e.g., Skade et al., 

2021) or injected with saline (e.g., Scollo et al., 2021) in order to evaluate to which extent the 

procedure was able to mitigate the pain experienced by the piglets. Overall, different controls may be 

established, depending on the experimental design, to further assess the influence from handling, 

needle injection, or the vocal environment, among others (see Chapter 3 for justification of the controls 

in the studies), thereby increasing the interpretational validity of the recordings and the study (Ison et 

al., 2016). 

Lastly, in order to get representative results and to detect differences in experimental treatments despite 

individual variation in pain perception, the choice of group size is also important (i.e., increasing the 

signal to noise ration). Statistical power calculations may be performed prior to the experiment in order 

to determine the minimum group size required to detect a certain magnitude of difference between 

treatments for a specific indicator, improving the sensitivity of the results (Lipsey, 1990). 

Overall, despite the absence of a gold standard method to assess piglet pain, the interactions 

between different states such as pain and stress, and the different limitations that exist in relation to 

the use of indirect indicators, methodological tools and growing knowledge over the sensitivity and 

specificity of indicators allow for more robust conclusions regarding the impact of castration and 

related pain mitigation procedures than could have been drawn just few years ago.  

c. Evaluation of piglet’s responses to castration : a methodological puzzle? 

Despite increasing knowledge on the interpretation of different indicators of pain in piglets, 

agreement over the impact of different parts of castration remains limited, and a consensus for best 

practice in relation to pain mitigation at castration has yet to be reached (as discussed by Lin-Schilstra 

and Ingenbleek, 2021). Below, potential reasons for this situation are addressed.  

A first potential explanation is the relative lack of consistency of the methodology used to record 

pain, stress, and general welfare impacts (Dzikamunhenga et al., 2014). This includes the choice of 

indicators, the specific methodology used to record these indicators, and the overall design of the study 

(Söbbeler et al., 2022). 

In general, the choice of indicators used to evaluate the impact of castration is typically only vaguely 

justified (at least based on the review of scientific articles performed for this thesis). While authors 

often explain elements essential to the interpretation of the indicators under study (e.g., Saller et al., 

2020) mentioning the reasoning behind the choice of a certain measure over another remains 
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uncommon (Macleod and Mohan, 2019). Without such explanation, readers can only speculate as to 

whether the choice may relate to the practicality of the study (e.g., funding, number of animals, area 

of expertise of the team) rather than an empirical justification. In addition, even when similar indicators 

are being used, modality of their measurement (e.g., materials, medium, or timing) greatly varies. For 

instance, concentration of cortisol is a commonly used indicator of pain and/or stress. In the context 

of piglet castration, tail docking or ear notching, this animal-based measure has been recorded in 

plasma, urine, or saliva, as cortisol, cortisone or free cortisol, and with a timing of recording varying 

between minutes and hours after the procedure, leading to a wide array of results (e.g., Hay et al., 

2003; Carroll et al., 2006; Leslie et al., 2010; Lonardi et al., 2015). While this diversity is somewhat 

helpful for the understanding of the full picture of piglet responses, and to allow refinement of the 

methods, it also hinders comparison of the results and the performance of meta-analysis or other 

analytical tools (Dzikamunhenga et al., 2014; Sheil and Polkinghorne, 2020).  

Another aspect of the lack of consensus, however indirect, is that details of the experimental 

methodology often are missing or only vaguely described (again, based on the array of articles on pain 

in piglets reviewed in the thesis). This includes the methodology of recording the indicators, but also 

the description of the procedures applied. To illustrate this point, 10 papers evaluating the efficacy of 

local anesthesia in the context of piglet castration were reviewed2. In total, 90% mentioned the method 

of injection of the anesthetic, 70% the volume of anesthetic administered, and only 50% gave 

information about the needle used to perform the injection. Such lack of information may prevent 

readers from making an scholarly criticism of the results and conclusions of the studies, and may also 

hamper the reproducibility of the papers (Baker, 2016).  

A third potential cause of the lack of consensus on best practice in terms of pain relief during castration 

is that the experimental design used to evaluate the impact of a certain procedure may differ between 

studies, including for example the choice of control groups. While some studies have evaluated the 

impact of castration comparing piglet’s responses to the procedure versus a sham-handled 

experimental group (e.g., Carroll et al., 2006), others take a timing approach (‘pre-post’ studies, see 

Aggarwal and Ranganathan, 2019), comparing piglets prior versus after castration, with no parallel 

control group (Sheil and Polkinghorne, 2020). In addition, certain studies apply a stimulation of the 

groin area or inject saline to sham groups (e.g. Scollo, et al., 2021), while other do not (Abendschön 

et al., 2020). Thus, it is not only a matter of including different types of control groups, but also about 

                                                           
2 Haga and Ranheim, 2005; Leidig et al., 2009; Hansson et al., 2011; Kluivers-Poodt et al., 2012; Bonastre et al., 2016; 

Rauh et al., 2019; Abendschön et al., 2020; Saller et al., 2020; Scollo, Contiero, et al., 2021; Skade et al., 2021 
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how to define these control groups. Overall, this lack of consistency may lead to the production of 

diverging conclusions on the impact of the procedures, thereby potentially limiting the development 

of best practices. 

Another important element is the lack of consideration of the motivational and affective 

components of the pain induced by castration of piglets. Despite the use of different types of indicators 

to evaluate piglets’ responses, the affective component of pain remains complex to detect (Weary et 

al., 2017). Measures of resistance behaviours during the procedure have for instance been suggested 

not to show a straightforward relationship to affect, while other types of indicators may be poorly 

sensitive to the affective component (as discussed by Ede et al. (2019) in terms of pain in cattle). As 

put forward by Stafford and Mellor (2005), behaviours involving investigation of the rump area after 

castration may for instance indicate “extreme pain or minor irritation, or anything in between”, while 

other autonomic and endocrine responses such as peripheral temperature or cortisol concentration may 

provide mainly a non-specific indication of arousal, hypothermia or other needs for energy metabolism 

(as discussed in Mormède et al., 2007) and be susceptible to ceiling effects (Ede et al., 2019). Overall, 

although physiological and behavioural responses obtained during castration may be sufficient 

indicators of pain in a scenario where the valence of the event is intuitive, such as castration, stronger 

inferences on the affective responses to the procedure may be achieved through preference tests, 

approach/avoidance or motivation tests (Ede et al., 2019). Conditioning and motivational measures 

have been considered indicators of spontaneous pain (Mogil, 2019), while cognitive testing, measuring 

elements of attention, memory and judgement biases, are thought to be greatly associated to emotional 

states, and to be informative in discriminating same-valence emotions such as pain and fear (Paul et 

al., 2005). Yet, although Bilsborrow et al. (2016) developed a test to assess piglet cognition following 

castration based on navigation time in a handling chute, further testing of affect, motivation and (long-

term) cognition remain overall lacking. This observation may partly be explained by a relatively low 

applicability of common affect and cognitive behavioural tests in young piglets. Paradigms based on 

learned responses indeed rely on habituation and training of the animals (Ede et al., 2019), which is a 

strong limitation when testing neonates. New solutions are therefore needed to allow further testing of 

the motivational and affective responses of young male piglets to castration.  

Lastly, despite the advantages brought by the use of a multi-dimensional approach to pain 

recording, this method remains limited by a general lack of understanding of how indicators relate to 

one another. In most work, conclusions seem to be formulated based on patterns observed across 

indicators, in a quantitative approach. As explained by Heesen et al. (2019), this triangulation approach 
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(defined previously) is based on the belief that, when one is uncertain about the reliability of a given 

method of recording, yielding the same answer via multiple methods confirms this result more strongly 

than it could have been by any single method. In other fields such as social sciences, however, 

skepticism exist about the relevance of this approach, as different methods of recording can be based 

on presuppositions so different that attempts to combine them can only lead to confusion and errors 

(Heesen et al., 2019). To some extent, the same principle can be applied for pain recording. With 

limited insights on the relative importance of different indicators, e.g. whether an increase of cortisol 

is more or less important in the determination of pain than an increase in heart rate or glycaemia, and 

considering that each indicator presents a specific sensitivity to pain, such method of interpretation 

remains imperfect (Baysinger et al., 2021). Some authors attempted to improve this approach by 

ranking indicators based on perceived relevance for pain and stress prior to interpretation (O’Connor 

et al., 2014), but, with limited empirical data, this form of assessment remained based on expert 

opinion rather than empirical evidence. Until a standard method is established, further investigation of 

the inter-correlations between indicators of pain and stress in the context of piglet castration are 

therefore warranted. This matter may become increasingly important in the future, considering that 

advances in automation may lead to the production of extensive data sets, including a large array of 

indicators (e.g. advanced behavioural or physiological parameters). Yet, without fundamental 

understanding of how to interpret these indicators as a whole, the advantages of these methods may be 

limited by the potentially low interpretational value of such collection of data (VanderWaal et al., 

2017).  

In summary, the large variation in methodology among published studies, relative absence of 

affective and motivational indicators, and lack of understanding of the relationships between indicators 

remain important limitations for the detection of pain responses to castration and the establishment of 

best practice in terms of pain relief. In order to achieve the main aim to evaluate the impact of different 

anesthesia procedures, this thesis thus also aimed to improve methodological recordings of 

recommended indicators, to develop a test to assess elements of post-castration motivational changes, 

and to provide further elements of understanding of how these indicators correlate with one another.
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4. Aims and hypotheses 

This thesis addressed two aims in relation to the improvement of piglet surgical castration under 

local anesthesia in terms of animal welfare. 

1. Investigate the impact of different methods of administration of local anesthesia prior to 

castration on indicators of piglet welfare. 

In particular, the thesis aimed to clarify the welfare impact of three elements of the administration of 

local anesthesia: 

 The injection method (intra-testicular vs. intra-funicular) 

 The timing between injection and surgical castration (2.5, 5, 10 or 30 min) 

 The volume of drug injected (0.3 vs. 0.5 mL per testis) 

Based on the work by Ranheim et al. (2005), showing that lidocaine injected intra-testicularly 

rapidly diffuses to the spermatic cord, it was hypothesized that the intra-testicular injection would have 

a similar efficacy at castration than the intra-funicular injection. In addition, it was hypothesized that 

an intra-testicular injection would be easier to apply in practice, as previously suggested by Kongsted 

et al. (2018). It was unclear, though, to what extent piglets’ responses at injection would differ between 

intra-testicular and intra-testicular injections. On one hand, the intra-testicular method could reduce 

piglets responses, as requiring shallower injections. On the other hand, it could lead to enhanced 

responses as a result of increased intra-testicular pressure (Allmendinger et al., 2015).  

The drug manufacturer recommending a 5-10 min interval between injection and castration, it was 

further hypothesized that this interval would be preferable for pain relief. Yet, with a potential large 

variation in timing applied in practice, and potential practical benefits from shortening the interval, the 

experimental design included a shorter and longer interval to clarify the impact of timing on piglets 

welfare.  

Lastly, the official recommendations from the DVFA mention injections of up to 0.5 mL of anesthetic 

per testis (Danish Agriculture and Food Council, 2019). With a lack of evidence that a larger dose, 

thus volume, of procaine leads to increase pain mitigation (Courboulay et al., 2018), and considering 

that the volume of drug injected may affect the pain response to injection through increased intra-

testicular pressure (Allmendinger et al., 2015), it was hypothesized that injecting a lower volume of 

drug (0.3 mL) would reduce piglets’ reaction to injection without compromising the efficacy at 

castration.  
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The thesis also aimed to further understand the welfare impact of local anesthesia and castration, 

investigating the combined responses to the procedure and the stress response to associated handling. 

In that regard, it was hypothesized that the procedure, including injection and castration, would be 

stressful, and that injection of local anesthetic, regardless of the effects at castration, would be painful 

and stressful in itself (Haga and Ranheim, 2005; Leidig et al., 2009). In addition, considering prior 

report of the effect of procaine, it was hypothesized that the drug would not fully reduce piglets’ pain 

and stress responses at castration (Abendschön et al., 2020; Scollo et al., 2021). 

2. Refine the methodology of recording pain and stress in the context of piglet castration 

With regards to the methodological limitations presented in the background section, three key 

elements were addressed in the thesis: 

 Refinement of the procedure of recording of existing indicators to improve their sensitivity, 

specificity or reliability 

 Development of an indicator of motivational state reflecting some elements of piglets’ affect 

following castration 

 Further investigation of the relationships among different types of indicators and parameters 

This second aim being more exploratory, no hypothesis were formulated. Rather, a trial-and-error 

approach was taken, as further described in the material and methods section below.  

 

At this point, I would like to address the notion of circular reasoning. This essential concept in 

experimental science refers to the fact that new treatments should be tested with established methods, 

and, reversely, that new methods should only be investigated using treatments which effects are well 

known. As you may have understood by now, our project was somewhere in a grey area in that matter 

- as it can happen. While I understand, and expect, critical judgment of our results in that regard, I 

would like the reader to know that we were well aware of that issue, and have addressed it as much as 

possible through implementation of proper control groups and careful interpretation of the results. 
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5. Materials and methods 

This chapter first provides an overview of the general study design underlying the thesis. Focus is then 

given to the indicators used in the studies, including details on how the indicators were chosen, as well 

as why and how their methodologies of recording were refined. The last section offers further 

considerations on the design, in terms of external validity of the sample, blinding, randomization, and 

choice of control groups. For the sake of limiting repetitions, statistical analyses are not developed in 

this chapter, but can be consulted in each of the papers and manuscripts. 

5.1. Overview of the design 

 a. Experimental design 

The thesis is based on two large experiments, performed under practice-like conditions in a 

Danish commercial sow herd between July and October 2020 and June and September 2021, 

respectively. The studies were approved as clinical trials by the Danish Medical Agency (reference 

numbers 2020061784 and 021043561) and ethically evaluated and approved by the Danish Animal 

Experiments Inspectorate (approval numbers 2019-15-0201-00263 and 2021-15-0201-00906). 

The first experiment focused on the effects of the injection method (intra-testicular, IT vs intra-

funicular, IF) and timing between injection and castration (2.5, 5, 10 or 30 min) on indicators of piglet 

welfare. This study involved 597 piglets divided into 13 treatment groups, including piglets 

anesthetized and castrated using all combinations of injection methods and timing, a control group 

castrated without anesthesia, and sham-handled groups involving two handling events separated by 

the same four intervals (Table 1). Piglets’ responses to injection, castration and sham-handling were 

evaluated based on the occurrence of intra-procedural foreleg movements and vocalizations, as well 

as saliva cortisol concentrations after castration (published in Paper I). Additional post-procedural 

measures included social motivation immediately after castration, as measured in a novel social 

motivation test (Paper III), and response to a human-animal relationship test, as well as response to 

handling approximately 6 h after castration. 

Following this experiment, one injection method (IT) and one timing between injection and castration 

(5 min) were selected for the second experiment, which focused on the effects of the volume of 

injection of the local anesthetic (0.3 vs. 0.5 mL per testis). This study involved 290 piglets and 5 

treatments: anesthesia with the two volumes and subsequent castration, a control group castrated 

without anesthesia, and two sham-handled control groups, placed once or twice in the castration bench 
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(Table 1). As in Study 1, responses of piglets to injection, castration and sham handling were evaluated 

using foreleg movements and vocalizations during the procedure, and saliva cortisol concentration 

after the procedure (Paper II). Piglets’ social motivation immediately after castration was also 

recorded, along with behaviour upon return to the home-pen (Paper III). 

Table 1. Treatments groups involved in Study 1 and Study 2 

  Name Injection 

method 

Time 

interval1 

Stay in the 

bench 

Volume 

injected2 

Number of 

animals 

Study 1 

 

Treatment 

groups 

IF02 IF 2.5 2 0.5 50 

IF05 IF 5 2 0.5 50 

IF10 IF 10 2 0.5 50 

IF30 IF 30 2 0.5 49 

IT02 IT 2.5 2 0.5 50 

IT05 IT 5 2 0.5 49 

IT10 IT 10 2 0.5 50 

IT30 IT 30 2 0.5 49 

Control 

groups 

CC - - 1 - 50 

SH02 - 2.5 2 - 50 

SH05 - 5 2 - 25 

SH10 - 10 2 - 25 

SH30 - 30 2 - 50 

Total       597 

Study 2 Treatment 

groups 

V05 IT 5 2 0.5 58 

V03 IT 5 2 0.3 58 

Control 

groups 

CC - - 1 - 58 

SH0 - - 1 - 58 

SH5 - 5 2 - 58 

Total       290 

IF, intra-funicular injection, IT, intra-testicular injection 1Time interval between injection (or sham-handling) and 

castration (or second sham handling) in min 2Volume of local anaesthetic injected in mL per testis 

Lastly, as post-analysis, all responses recorded during Study 1 and 2 were pooled and investigated in 

a large multi-variate analysis aiming to understand their correlations. The results are reported in  

Paper IV. 

To further help the reader in understanding the correspondence between aim of the thesis, related 

studies, and resulting papers, a summary is available in Table 2. 
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Table 2. Overview of the aims of the thesis related to each study and paper 

Aim of the thesis Study 1 Study 2 Paper 

Investigate the welfare impact of local anesthesia  

Effect of injection method ●  I + III 

Effect of timing ●  I + III 

Effect of volume  ● II +III 

Refine the methodology of recording pain and stress 

Refine the recording procedures ● ● I + II 

Develop affective indicators ● ● III 

Investigate the relationship 

among different indicators 
● ● IV 

 

b. Animals and inclusion criteria 

As described in the papers, all tested piglets came from the same conventional sow herd, with 

approximately 1300 loose-housed sows giving birth to Landrace & Yorkshire × Duroc crossbred 

piglets. At farrowing and during the following week (i.e., during the experiments), sows were crated 

as part of the normal management of the herd. The farrowing pens measured 3.1 × 2.8 m, and included 

a covered corner enriched with a heat lamp and some sawdust for the piglets. Sows were fed twice a 

day, and lights were on from 6.00 until 17.00, at the exception of Study 1, for which lights (for 

experimental reasons) were kept on until the end of testing, around 20.00. 

Experimental piglets were 3 to 4 days old at the time of castration, were clinically healthy and free 

of overt malformations or lameness, and weighted between 0.9 and 2.3 kg. During the experiments 

piglets were selected every Wednesday, for castration on Thursday and Friday. Litters counting at least 

5 (Study 2) or 6 (Study 1) males, from healthy sows (rectal temperature below 39°C, no clear signs of 

clinical condition) were selected. Male piglets living up to the inclusion criteria were randomly 

attributed to a treatment number, following an allocation plan ensuring a balanced distribution across 

litters, days and experimental weeks. Each number was written on the piglets’ back using a food safe 

marker. Back-up piglets (within selected litters) and entire back-up litters were also selected, in case 

of death or degradation of health status prior to testing. It is also worth noting that the farm staff had a 

say in the selection, and were occasionally removing litters from testing due to perceived weakness of 

the piglets. 
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The piglets were administered iron (Forceris™, 1.5 mL injected intra-muscularly) on day 1 after 

farrowing. Piglets were not ear tagged, tail docked, nor teeth clipped prior to castration. After 

completion of the data collection and within 24 h after castration, piglets were administered a non-

steroidal anti-inflammatory drug (NSAID; intramuscular injection of 1.5 mg meloxicam) as analgesic.  

c. Description of the procedures 

Testing involved three types of procedures: injection with a local anesthetic, castration, and sham-

handling. All procedures were performed in a commercially available castration bench, modified to 

enable a larger amplitude of foreleg movements and more natural opening of the mouth of the piglets 

to allow unobstructed vocalizations (Fig. 5). The bench could also be layered with a soft material when 

required to ensure a proper fit of the small piglets. A single experimenter, a farm staff from Aarhus 

University, performed all procedures, after training in accordance with the DVFA requirements, and 

after being trained to perform the intra-testicular injections. 

As described in Paper I, local anesthesia was induced using one of the two procaine-based drugs 

allowed for this use in Denmark, a procaine hydrochloride 2% solution (Procamidor® Vet., 20 

mg/mL). The product was administered using an automatic syringe (Prima Tech®; 0.5 or 0.3 mL in 

0.1 mL increments) with a 25G needle for the intra-funicular injection (0.5 × 16 mm, BD Microlance™ 

3). For the intra-testicular injection, in order to get the shortest needle length possible, a 26G needle 

(0.45 × 12 mm, Sterican® Insulin needle) was used, together with a 5 mm plastic stopper. Needles 

were changed between piglets. During the procedure, piglets were fixated in dorsal recumbency in the 

castration bench. The scrotum area was not disinfected prior to anaesthetic injection nor castration. 

The right testis was fixed caudally between the thumb and index finger of the experimenter, applying 

a steady but low pressure during the fixation. For the intra-funicular injection, the needle was inserted 

at a 45-degree angle pointing in the dorsal direction and a 10-degree angle pointing in lateral direction 

from a caudocranial view (Fig. 5). The needle was inserted in its full length (16 mm) through the centre 

of the testis and aiming for the spermatic cord. The anaesthetic was administered by continuously 

dispensing the drug while withdrawing the needle, and releasing the testis, also referred to as ‘push 

and pull technique’. After each injection, a drop of the anaesthetic was left on the surface of the skin 

of the scrotum. For the intra-testicular injection, the needle was inserted in the centre of the right testis, 

in a dorsal direction at an angle of 90 degrees from a caudocranial view (Fig. 5). A custom-made 5 

mm plastic stopper was placed on the needle to ensure a standardised needle length of 7 mm. The 
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anaesthetic was injected slowly into the testis while gradually loosening the grip around the testis. The 

procedures were then repeated on the left testis. 

 

Figure 5. The two injection methods and the adapted castration bench  

IF, intra-funicular injection; IT, intra-testicular injection. The arrows indicate the adaptations to the castration 

bench for the piglet’s mouth and forelegs movements, and the layering material used to improve the fit in the bench. 

Photos and edit by M. Coutant. 

At castration, after fixation in the castration bench, a disposable scalpel (Scalpel no. 24, carbon steel 

sterile blade) was used to perform an incision through the scrotal skin and spermatic fasciae. The right 

testis was then gently pressed between the index and the thumb of the experimenter until fully outside 

of the scrotum. The testis was then carefully lifted vertically, and the spermatic cord cut a few 

millimetres below the testis using the scalpel. The incision and procedure was repeated on the left 

testis. A new scalpel was used for each piglet.  

For sham-handling, piglets were fixated in the castration bench, as previously described, for a duration 

of approximately 25 s (corresponding to the average duration of the procedures of local anaesthesia 

and castration as assessed in a pilot study; the exact duration of the procedures is reported in Paper I), 

during which the piglets did not experience any tissue damage nor physical stimulation of the groin 

area. 
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d. Study design 

On the day of castration, experimental piglets were weighed. Saliva samples were taken in the 

home-pen, approximately 35 to 40 min before bringing the piglets to the testing area, a calm room 

outside of the farrowing room. All experimental piglets of a litter plus one littermate chosen randomly 

(male or female) were transported together in a plastic box, layered with straw, and placed on a cart. 

Upon arrival in the testing area, piglets were placed under a heat lamp (which could be removed to 

meet the thermal comfort zone of the piglets). Piglets were injected, castrated or sham-handled one by 

one, respecting a randomised testing order, and following a predefined schedule ensuring that the 

experimental intervals between procedures were respected. In-between procedures, piglets were 

returned to the heated box with their littermates. In Study 2, additionally, testes were collected after 

castration, weighted, labelled, and placed in formalin for future analysis.  

 

Figure 6. Diagram of the study design for Study 1 and Study 2  

The piglets were brought together with their littermates in the castration room, anesthetized and castrated one by 

one, then individually subjected to the social motivation test prior to be placed back in their home-pen. In Study 1, 

piglets were individually subjected to a saliva sampling 17 min after castration, then placed back in the pen and left 

undisturbed until being brought back individually to the corridor outside of the farrowing room for human-animal 

testing and saliva sample 6 after castration. They were then brought back to the pen and left undisturbed. In Study 

2, the piglets were observed continuously for 10 min upon return in the home-pen after the social motivation test. 

After saliva sampling 17 min after castration, the piglets were left undisturbed in the pen. Figure by M. Coutant. 

From Paper IV. 
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Immediately after castration or last sham handling, piglets were individually subjected to a 3 min social 

motivation test performed in the corridor outside the farrowing room. After the test, each piglet was 

brought back to his home-pen with the sow and the remaining/returned littermates, where continuous 

behavioural observations were performed upon placement in the pen and for a duration of 10 min per 

individual (Study 2 only). On average 17 min after castration or last sham handling, a second saliva 

sample was taken in the home-pen. Later in the afternoon, approximately 6 h after castration, piglets 

were individually subjected to a human-animal relationship test followed by a scoring of their response 

to handling, and a last saliva sample was taken for cortisol determination (Fig. 6, Study 1 only).  

5.2. Development and refinement of the indicators of welfare  

As mentioned previously, a wide range of indicators can be used to assess aspects of welfare 

associated with pain and/or stress in response to castration. A key strategy underlying the thesis was 

the selection of indicators with different specificity and sensitivity in terms of pain and/or stress. 

Different criteria were considered when including the indicators: 

 Multiple indicators should be used in a multi-modal approach combining physiological, 

behavioural, and motivational recordings 

 The indicators should give information on the acute response to anesthetic injection and 

castration as well as on post-surgical responses 

 Pain being a central element of the thesis, the indicators should not involve invasive recording 

methods such as needle incision 

 Recording of the indicators should not impact the way the procedures of injection or castration 

could be carried out 

Based on these criteria, a selection of indicators were investigated in pilot studies. Some were 

maintained in the studies underlying the thesis, but their methodology of recording could be modified 

to fit with the criteria and/or improve sensitivity, specificity or reliability of the recording. Others were 

eventually discarded due to methodological issues. In addition, some elements relating to the piglets’ 

characteristics were recorded, as a mean to further investigate reasons behind individual differences in 

response to the procedures. 
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a. Indicators included in the studies underlying the thesis 

Cortisol concentration 

Cortisol is a key hormone for recording (pain-related or not) stress. In the context of surgical 

castration, it is a prevalent indicator, recorded in more than 15 papers investigating the effects of the 

procedure3. To quantify the adrenocortical response, it was therefore considered an interesting 

indicator to report elements of the piglets’ response to local anesthesia and castration, while allowing 

comparison of the presents experiments with past studies. However, cortisol is commonly sampled in 

plasma, almost always requiring either needle incisions or the surgical implementation of catheters. 

These techniques were considered too invasive for the present experiments. Sampling of cortisol in 

urine has also been used, but requires specific arrangement post-castration and individual separation, 

which would greatly limit the recording of other types of indicators. Salivary sampling were therefore 

selected and refined. 

Salivary cortisol sampling is a common experimental practice in older pigs, and presents the 

advantage of being relatively non-invasive (Ruis, 1997). It is less commonly used in piglets, especially 

neonates, probably due to their relatively low motivation to chew on an unknown material, and the 

difficulty to sample enough saliva. Based on work in humans (Morelius et al., 2004) and dogs (Damián 

et al., 2018), new ways of saliva sampling were therefore investigated. These included gentle catch of 

the piglet, and gathering of saliva with a pipette, a sponge, or a piece of cotton swab attached to a 

clamp. To trigger salivation, citric acid or apple juice were applied directly in the mouth or on the 

sponge or cotton. This first phase of the pilot testing showed that the cotton swab seemed to gather 

most liquid. Direct application of the citric acid triggered a strong reaction from the piglets, perceived 

as a sign of aversion, and was therefore abandoned, in accordance with our criteria. Apple juice seemed 

less aversive, but direct administration was found unpractical and difficult to standardize. Based on 

the work by Damián et al. (2018), a new technique was therefore implemented. Cotton swabs were cut 

in pieces of approx. 2.0 × 0.5 cm, soaked in concentrated apple juice for 1 h, and dried in an electric 

oven at 60°C for 5 h. This was done on average 48 h before the sampling of saliva. At sampling, the 

cotton swab was fixed at the end of a clamp and gently introduced into the piglet’s mouth, while the 

piglet was held in the experimenter’s arms (Fig. 7). The cotton was lightly rotated in the piglet’s mouth 

                                                           
3 Prunier, 2002; Prunier et al., 2005; Carroll et al., 2006; Llamas Moya et al., 2008; Marchant-Forde et al., 2009; Keita et 

al., 2010; Mühlbauer et al., 2010; Sutherland et al., 2012; Kluivers-Poodt et al., 2012; Bates et al., 2014; Lonardi et al., 

2015; Bonastre et al., 2016; Scollo, Contiero, et al., 2021; Langhoff, 2008; Reiner et al., 2012; Zöls et al., 2006 
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for 30 to 45 s, with insistence around the salivary glands. The cotton was then placed in an experimental 

tube and stored at -18°C until cortisol determination, as further explained in Paper I.  

 

Figure 7. Picture of a saliva sampling, performed with a cotton swab pre-soacked in apple juice 

and attached to clamp  

The picture on the left shows how the piglets were handled during saliva sampling using a cotton attached to a clamp. 

The picture on the right shows the dimensions of the pre-soaked cotton used for the sampling. Photos by M. Coutant. 

The technique proved successful, as it allowed to gather enough saliva to perform the cortisol 

analysis, while having, seemingly, a limited effect on the piglets. In addition, it is worth noting that, 

although correlated, salivary and plasma cortisol concentrations differ in some aspects. When sampled 

in plasma, approximately 80% of the total cortisol is bound to cortisol-bind-globulin (CBG), the 

variation of which can significantly affect the measured cortisol concentration (Le Roux et al., 2003). 

In contrast, when sampled in saliva, cortisol is mostly recorded in its free form – i.e., not bound to a 

protein. Free cortisol has been suggested to be a better indicator of stress than the ‘total’ cortisol 

measured in plasma (Cook et al., 1996). This technique therefore also potentially improves the 

specificity and reliability of the recordings. We have, however, not compared samples of cortisol 

sampled from saliva versus plasma.  

Foreleg resistance movements  

Foreleg movements, interpreted as resistance or avoidance by some authors, are often recorded 

during castration to assess piglets’ acute response to the procedure. The level of resistance is usually 

qualified using a score determined by an ordinal scale (Leidig et al., 2009), focal assessment (Keita et 

al., 2010; Saller et al., 2020), numerical rating scale (Sheil and Polkinghorne, 2020; Skade et al., 2021), 

or by use of a visual analogue scale (Hansson et al., 2011). For these measures, experimenters observe 

the piglet being castrated and attribute a score to his level of foreleg activity. Nevertheless, considering 

the high speed of piglets’ leg movements and the large variation in response among piglets, these 
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methods may face issues of reliability and sensitivity. In addition, observer bias is more complex to 

avoid when the experimenter sees the procedure being carried out, and hears the piglet’s vocal reaction. 

Other methods include observation of low-speed videos and quantification of piglets’ kicks or escape 

attempts (Marchant-Forde et al., 2009), yet these movements form only part of the piglets’ foreleg 

reactions, and therefore potentially misrepresent the total amount of resistance. 

A new method was therefore developed to assess piglets’ resistance in an objective, 

quantitative manner. As described in Paper I, all experimental procedures were video recorded using 

a camera placed on a stand 30 cm to the right of the castration bench, approximately 50 cm above the 

bench. This distance allowed a full picture of the piglets’ front legs. In a pilot phase, randomly chosen 

video clips were observed at low speed (5 frames per second, FPS) to detect recurrent, identifiable 

movements. Four types of movements were selected and described: flexion, extension, kick, and blow 

(Fig. 8). Further descriptions of these movements can be found in Paper I and II. 

 

Figure 8. Illustration of the four types of movements recorded during observation of foreleg 

resistance and screenshot of a video recording used to quantify the movements  

The video footage allowed a full picture of the piglet’s forelegs movements, which were quantified during observation 

of the video at low speed. Figures and photo by M. Coutant. 

Two observers, blinded to the experimental treatments, were trained to recognize and count these 

behaviours, and practiced recording on approximately 100 random video clips, using the Behavioural 

Observation Research Interactive Software (BORIS; Friard and Gamba, 2016). Each video sequence 

was then analysed, and the occurrence of each type of behaviour was counted for each front leg in the 

interval between closing and opening of the castration bench. Movements that were too sudden to be 
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categorised despite the low speed of video analysis were excluded. In addition, movements performed 

relatively slow (duration > 1 s) were not considered as resistance and therefore not recorded. The 

duration of blocking in the bench, corresponding to a leg being mechanically unable to move due to 

physical blocking, was also recorded and taken into consideration in the analysis. Leg movements 

were recorded for each leg separately. A simple correlation score was calculated to assess whether a 

difference existed in response with the left or right leg, for instance in relation to lateralization 

processes (McCallum, 1979). The correlation score was high (over 95%) for 30 randomly selected 

piglets, suggesting a comparable response between each leg. Resistance movements were consequently 

analysed as a combined leg response.  

Vocalizations 

Piglets’ vocalizations are commonly used to assess their acute response to an invasive 

procedure, and interpreted as signs of pain (Weary et al., 1998; Puppe et al., 2005). Different elements 

of the vocal responses can be investigated, from number, duration, or type of call emitted, to call 

frequency, power, amplitude or entropy (Marx et al., 2003). Yet, all types of vocal parameters may 

not be equally reliable to quantify pain and/or stress in the context of piglet castration (Puppe et al., 

2005), and no single parameter has been established as gold standard. In addition, articles use various 

types of vocal parameters to evaluate piglet responses, with recording methods ranging from live count 

and qualification of the calls, to digital recording and analysis by complex algorithms (e.g. 

STREMODO ®, see Marx et al., 2003). In this context, it was our aim not to focus on single vocal 

parameters, but rather to investigate a wide range of parameters to quantify piglets’ responses to the 

procedure. In addition, we developed a new method that would provide more information than a simple 

live count of the calls, without requiring the use of a complex neural network tool. 

Our method involved recording of the piglets’ vocal responses in the interval between the 

opening and closing of the bench for each procedure, using a microphone linked to an audio box and 

to a computer where data were digitally saved, and analyzing each recording in a bioacoustics software 

(Raven Pro 1.4, Cornell Lab of Ornithology, Cornell University, USA). This software can be used 

without support of programmers or engineers, and has the advantage of including an automatic 

detection tool, identifying each call and providing a wide range of parameters on these calls. The tool, 

called band limited energy automatic detection, was calibrated based on manual analysis of 30 

recordings obtained during a pilot phase, and following the methods described in the Raven Pro 1.4 

user manual (Charif et al., 2010). The parameters used for calibration of the automatic detection can 
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be consulted in supplementary material of Paper I. Yet, correctly setting up the automatic detection 

tool proved complex, considering the wide range of vocalizations expressed by the piglets within a 

single recording. To determine the reliability of the detection tool, fifteen recordings were analyzed 

using the automatic detection tool and using manual identification of the calls based on auditory and 

visual cues from the spectrogram and waveform. The two methods showed a Pearson’s correlation 

coefficient of 91% in terms of numbers of calls detected and of only 77% in terms of total duration of 

call detected. Consequently, each file had to be manually checked, to ensure that the detection tool 

correctly identified all calls, and to deselect human voice or surrounding noise wrongfully detected as 

a call. In addition, since the detection tool recognizes and selects calls based on a specific frequency 

range, measures of frequencies of the calls were not accurate and could not be analyzed. Moreover, 

although the software was able to provide over 50 different parameters of vocal characteristics for each 

call, only indicators that were fully understood and interpretable were investigated and analyzed (Table 

3). The resulting parameters included proportion of calling during the recording, number of calls per 

second, mean call duration, mean call energy, max call energy, max call power, max call amplitude, 

max call entropy, sum of call entropy, and average call entropy. All these parameters are further 

defined in Paper IV. 

Motivation test 

As mentioned earlier, one of the objectives of the thesis was to record measures of the post-

castration motivational state of the piglets, potentially useful for the interpretation of the piglets’ 

affective state following castration. Considering the young age of the piglets, 3 to 4 days old, any test 

requiring training or habituation was discarded. In addition, the test should not require a complex set-

up, considering that it could only be performed in the farrowing room or the corridor outside of the 

room. Bilsborrow et al. (2016) developed a behavioural test to assess piglet pain following castration, 

used in several recent articles (Rauh et al., 2019; Abendschön et al., 2020), but the particular set-up of 

the test, requiring habituation and physical modification of the home-pen, could not be implemented 

in practice in the studies underlying the thesis. Instead, a new test was developed, with social 

motivation as focus point. As explained in Paper III, young piglets are highly motivated for social 

contact with the sow and siblings (Loseth et al., 2014; Clouard et al., 2022). Thus, the test was based 

on the assumption that pain from the local anaesthesia and/or castration procedure would either lead 

to increased motivation to seek littermates (comfort seeking), or limit the motivation of the piglets to 

re-join their littermates. Thus, piglets castrated without any anaesthesia were expected to be either 
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faster or slower than sham-handled controls, and the piglets from the different anaesthesia treatments 

were expected to show intermediate responses.  

 

Figure 9. The first prototype of social motivation test  

The tested piglet was placed on top of the ramp. On the left, a tested piglet going down the ramp, helped by the 

wooden steps. On the right, littermates climbing up the ramp while the experimental piglet is being tested. Photos by 

M. Coutant. 

 

Figure 10. Arena of the social motivation test  

The arena includes three obstacles of increasing height. The piglet is introduced at the start of the arena and the test 

is completed when the piglet reaches the grid separating him from his littermates. The arena is painted in a dark 

homogeneous colour to facilitate detection of the piglet by the tracking software. Photo and edit by M. Coutant. From 

Paper III. 
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The first prototype for the test involved a ramp on top of which the piglet would be placed at the start 

of the test. The latency to reach the end of the ramp, i.e., the home-pen, would be considered as measure 

of social motivation. However, this set-up was quickly abandoned, as the piglets seemed fearful of 

moving down the ramp, while littermates appeared eager to climb it (Fig. 9).  

A new prototype was therefore developed, using an arena on a flat surface, placed in the corridor, and 

keeping littermates in a separated area at the end of the arena (Fig. 10). To keep the littermates calm, 

the area was supplemented with a heat lamp and some straw. The test was started upon placement of 

the piglet at the start of the arena, and stopped when the piglet came into contact with the grid 

separating him from the littermates, or after 3 minutes. 

This set up was first proven too easy to complete, as all piglets, even castrated, reached their littermates 

within seconds. To increase difficulty, and observe variation in the indicators of motivation, obstacles, 

increasing in height (5, 7, and 9 cm), were introduced (Fig. 10). The test was video recorded, and 

latency to reach the littermates, as well as latency to move and to pass each obstacle, were recorded by 

an observer using a stopwatch. In addition, to account for potential locomotor impairments, a video 

tracking software (Lolitrack 5 – 2D tracker, LoligoSystems) was used on each video sequence to 

determine the distance walked during the test and the speed of the piglet. 

Home-pen observations 

As further explained below, live, continuous, observation of a focal piglet’s behaviour was 

found to be more reliable, for some subtle behaviours, than analysis of video-recordings, and was 

therefore implemented in Study 2. Considering that the observation would be heavily impacted by the 

sampling of saliva, the recording was performed continuously during the 10 min in-between return to 

the farrowing pen and saliva sampling, using a hand-held computer (PsionWorkabout).  

Piglet behaviour following castration has been described in the literature, using various, 

complex, ethograms (e.g., Hay et al., 2003). Yet, certain behaviours seem more relevant than others to 

assess piglets’ responses to the procedure (Sheil and Polkinghorne, 2020). Postural changes and 

behaviors associated with post-operative pain are for instance particularly relevant, as comparison to 

less specific behaviour such as level of activity or resting patterns (Mogil, 2019; Sheil and 

Polkinghorne, 2020). In addition, in the pilot phase, the performance of live observations using an 

intricate ethogram combining behaviour, posture, location, and social cohesion was shown unrealistic. 

Therefore, a more robust ethogram was defined, tested in a pilot phase, and refined. The final ethogram 

included clearly identifiable behaviours that have been suggested to be relevant for study of piglets’ 
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pain and stress responses (Sheil and Polkinghorne, 2020), with mutually-exclusive behavioural states 

such as active, active at the udder, resting, huddled up, prostrated and social huddling, analyzed as 

durations, and behavioural events such as shivering, rump scratching, self-scratching, tail wagging, 

seeking sow and playing, analyzed as frequencies. Further descriptions of these behaviours can be 

consulted in Paper III.  

Human-animal relationship (HAR) test and handling score 

In Study 1, the piglets had to be handled approximately 6 h after castration to perform the last 

saliva sampling. This manipulation was considered as an opportunity to investigate another aspect of 

the affective consequences of castration: piglets’ response to human interaction a few hours after the 

procedure. Indeed, a hampered relation to humans (or signs of fear or avoidance interpreted as such) 

can be inferred as a proxy of a negative experience, and used to compare the impact of different 

procedures (Wegner et al., 2020). 

Inspired by human approach tests, or human-animal relationship tests (HAR), a trial was 

performed in the corridor outside the farrowing room, using an arena. The arena consisted of a 3.4 x 

0.8 m corridor, with, at one end, a seated observer wearing a similar color of clothing as the technician 

wore during  castration earlier in the day. In the literature describing comparable tests, the piglet is 

usually introduced in the start of the arena (Tallet et al., 2019). However, considering potential 

locomotor impairments from the castration procedure, it would have been complex, in that set-up, to 

determine whether piglets failing to approach the human would do so because of fear or stress, or 

because of locomotor issues. This limitation was lifted by introducing the piglet in the middle of the 

arena, and by giving him the opportunity to walk away from the experimenter (i.e., testing voluntary 

approach and avoidance).  

In our specific setting, only one observer was present to perform the test, and the design was adapted 

accordingly. The seated observer released the piglet into the arena by sliding the door of the entrance 

area (from her seated position), and the piglet was given 2 min to enter the arena (defined as two front 

legs out of the entrance area, Fig. 11). If the piglet did not exit the entrance area within this interval, 

the test was abandoned. The test was started upon entrance of the piglet into the arena. During 2 min, 

the piglet was left undisturbed in the arena. 
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Figure 11. Illustration of the arena used for the HAR test  
Schematic representation of the arena including the entrance area, sliding door and sited experimenter on the left. 
Figure by M. Coutant. 

The tests were video-recorded using a camera fixed on the ceiling, and the number of different types 

of vocalizations (short grunt, long grunt, grunt-squeal, squeal, scream, and bark) were recorded 

manually using either a hand-held computer or a pen and paper, according to a pre-defined ethogram 

(see Paper IV). Initially, latency to reach the experimenter, duration spent in a zone close to the 

experimenter, or movement in the arena were to be obtained from observation of the videos, and 

analyzed as behavioural indicators of the response to the novel arena and the human. Yet, preliminary 

analysis performed by a student, Camille Vanbauce, showed no significant differences between CC, 

SH, and IT05, indicating that these measures would likely not reflect differences between treatments 

(see supplementary results in the section 6.6). In addition, the analysis showed a significant positive 

correlation between the level of activity in the arena and the number of vocalizations recorded. 

Considering the time pressure to perform all analyses underlying the thesis, the video observations 

were abandoned, and vocalizations were analyzed instead. 

Following the test, upon picking up the piglet prior to perform the saliva sample, a score of the 

response to handling was recorded. The piglet’s bodily and vocal response to being picked up and held 

in the experimenter´s arms for 30 s were assessed on an scale from 1 to 36 using an ordinal scale, as 

further described in Paper IV. 

 b. Indicators discarded 

Home-pen video observations  

The initial study design included video recordings of the piglets in the home-pen in the hours 

following the procedures. In Study 1, cameras were installed over the farrowing pens, and 
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approximately 1000 h were recorded. In order to define the optimal window of observation, a number 

of video sequences were analyzed, as part of a master project. The student, Shamnyuy Ngoran 

Modeste, investigated the behaviour of 18 piglets during 5 consecutive hours, and compared video 

analysis versus live observation. Her results suggested that subtle behaviours such as spasms, 

trembling, tail wagging, or suckling were observed significantly less when video recordings were used 

as compared to live recordings, highlighting limits in the reliability of the video observations. The 

results also showed that castration-related behaviours were mostly observed in the first hour upon 

return to the home-pen, an interval where large disturbances were happening in the litters due to return 

of littermates from the testing area and subsequent saliva sampling. Considering these strong 

limitations, and the substantial time that the analysis of the data would have required, video 

observations were abandoned. Instead, live observations were developed for Study 2. 

Bleeding score 

We initially wanted to record elements related to the state of the castration wound a few minutes 

after castration. Considering that the piglets had to be handled to be placed back into the pen after the 

social motivation test, this moment was considered appropriate to examine wounds. Pilot studies 

revealed variation in the amount of blood present around the wound after the procedure, which could 

potentially relate to differences in the size of the castration wound and on the degree of internal tissue 

rupture. In that context, it was hypothesized that an increased bleeding could correlate with increased 

somatic and potentially inflammatory pain. A ‘bleeding score’ was therefore developed. A piece of 

absorbing material (tea filter) was attached to a clamp and gently placed on the wound for 3 s. The 

amount of blood on the paper would then be visually scored (Fig. 12).  

 

Figure 12. Pictures of ‘bleeding tests’ performed after the motivation test  

The two pictures show pieces of tea filter after application on the castration wound of piglets for 3 s. On the left 

picture, the absorbing paper is almost completed soaked with blood (high score), whereas on the right picture, the 

absorbing paper is relatively more dry (lower score). Photos by M. Coutant. 
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The scoring was eventually abandoned, as application of the tissue on the wound was poorly 

standardizable when performed while holding the piglet. In addition, some piglets scratched the rump 

area during the social motivation test, which seemed to heavily impact the possibility to quantify the 

bleeding. Investigation of the castration wound in the first hours after the procedure seemed overall 

complex to perform in a standardized manner in our specific design. 

Heart rate and autonomic measures 

Measuring heart rate was considered as indicator of autonomic reaction (cf. Fig. 2.; Sheil and 

Polkinghorne, 2020), and could be measured using a sensor attached with an elastic belt around the 

chest of the piglet. The idea was however abandoned, as application of the device would increase 

handling stress and compromise the fit in the castration bench, while reliability of the measures 

remained unsatisfactory. Recording of hormones relating autonomic activity, such as adrenaline or 

noradrenaline, was also considered, but was found unrealistic as requiring blood sampling (performed 

rapidly considering the timing of response of ANS, therefore potentially confounding the results) and 

relatively expensive analyses. Recordings of rectal temperature (as done in White et al., 1995 and 

Lonardi et al., 2015) was also discarded as increasing handling time, and considering the relatively 

poor sensitivity of body temperature as a measure to discriminate pain from anxiogenic or stress-

induced reactions to handling (Olivier et al., 2003). Other methods such as recording pupil dilation as 

indicative of acute ANS activation, as done in humans (Bradley et al., 2008) are, to my knowledge, 

not feasible in pigs. Overall, the lack of indicators of autonomic reaction has been criticized by 

reviewers of the papers, but no indicator fitted with our design.  

c. Other measures 

Elements of piglet characteristics were recorded, to be taken into consideration in the analysis, 

and/or to potentially explain individual differences among piglets. These included piglet weight, age, 

litter and litter size. In addition, daily variation in litter size and weight in the days from when the 

piglets were selected and until castration were calculated. Elements relating to the procedures, such as 

the hour of day at injection/castration, duration of the procedure, testing order, testing room 

temperature, and duration of the transport from the farrowing pen to the testing area were also recorded. 

In Study 2, testes from the castrated piglets (with our without anesthesia) were collected after 

castration, separated from surrounding tissues, weighted, and placed in formalin, allowing for future 

analysis of pathological changes associated with the injections (Fig. 13).   
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Figure 13. Picture of an arbitrary sample of testes after processing and prior to placement in 

formalin 

Photos by M. Coutant 

Lastly, as part of the requirements from the clinical trial permits, potential side effects of the 

injection of local anesthesia and/or castration were recorded during the procedure and throughout the 

following behavioural observations. In Study 1, visible conditions of the castration wound, such as 

swelling or redness (Castel et al., 2014), were additionally noted in the morning following castration. 

5.3. Considerations on the study design 

Now that the study design has been explained, and prior to presenting the results, it seems relevant 

to address a few considerations regarding the studies. This section aims to provide the reader with 

better understanding of how the design may compare to practice and what factors are to be kept in 

consideration when assessing the results. 

a. External validity of the studies 

First of all, it is important to understand to what extent the choice of piglets included in the studies, 

as well as the design, may reflect the conditions in practice, or impact some elements of the results. 

We did not, initially, want to set a weight criteria for inclusion of piglets, in order to investigate a 

wide array of piglets. Our approach was to test any piglet that the farmer would normally castrate, 

including lighter ones. However, piglets outside of the specific range of 0.9 - 2.3 kg were found unfit 

for the castration bench used to perform the procedures, potentially hampering the measure of acute 

responses. These piglets were therefore excluded. It is, however, important to keep in mind that, in 

practice, castration is performed on piglets that are lighter than 0.9 kg or heavier than 2.3 kg. From a 

scientific point of view, it also seems relevant to mention that some variation existed in the 

determination of piglet age. Day 0 was defined as the day of birth of the last live piglet in a litter, but, 

in practice, that determination was done by the farm staff, during working hours. This means that, if a 

sow farrowed after 17.00, day 0 would be registered as the next morning. This variation is reflective 

of farm practices, where some differences may exist in the precise castration age of the piglets, but is 

important to keep in mind while discussing potential age effects in the results. 
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Initially, we did not want the piglets to be subjected to any invasive procedure, including injections, 

prior to the experiment (to avoid potential sensitization (Viñuela-Fernández et al., 2007) or nerve 

damage prior to castration). However, considering that some of the invasive management procedures 

that are part of the typical Danish pig production took place prior to the inclusion of the piglets into 

the study, this could not be implemented. Yet, as all experimental piglets were exposed to the same 

invasive management procedure (iron injection), comparison of the experimental treatments was not 

hampered. Similarly, although it was initially planned not to cross-foster piglets, to ensure a 

comparable bond between the experimental piglets and the sow and littermates, as well as 

comparability between litters in terms of e.g., teat order development (Horrell and Bennett, 1981), this 

was not possible to implement in practice. Thus, for all experimental litters, non-included littermates 

could be cross-fostered up to the morning prior to castration. This element is to be remembered when 

discussing results of the social motivation test and in-pen behavioural recordings. 

Overall, due to experiments taking place in a commercial herd rather than in an experimental farm, 

some level of variation existed in the environment of the piglets. For instance, depending on the 

farrowing rooms and weather conditions, some pens were provided with a heat lamp while other were 

not. Similarly, some litters, judged at risk by the farm staff, were provided with formula milk. Another 

experiment also took place in the farrowing room at the same time as the experiments underlying the 

thesis, involving different forms of ventilation in each farrowing room. Altogether, although these 

elements may have impacted the standardization of the studies, their application remained at litter 

level, thus balanced over treatments, and occasional. Considering our large sample size, and the use of 

litter as a random effect in our statistical models, the variation is not expected to have impacted the 

reliability of the results. 

Although the specifics of the study design were chosen to resemble practice, some elements of 

standardization and scientific considerations had to be considered. As a result, certain features of the 

design differ from the procedure applied commercially. For instance, in practice, castration is often 

performed in the farrowing room, as opposed to outside the farrowing unit. This method implies that 

the piglets remain closer to the sow, and are generally handled for a shorted time. Nevertheless, this 

set-up also leads to a high level of noise and potential stress (Reimert et al., 2017), while the use of a 

cartwheel, as opposed to our calm waiting area, likely impacts the piglets’ experience. Similarly, 

castration may often be performed on the farmers lap, rather than in a castration bench (Lou et al., 

2021), which could impact both the precision of the injection and the handling stress response. More 

importantly, by national legislation, analgesia has to be administered prior to local anesthesia and 
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castration. Yet, considering that the project focused on the efficacy of the local anesthesia procedure, 

it was decided not to administer analgesia during testing, as this would have confounded the results – 

especially the comparison of intervals between the administration of the anesthetic and the castration. 

It is therefore important to keep in mind that the welfare impact of local anesthesia and castration 

discussed in the thesis does not necessarily reflect the experience of piglets in practice, as they also 

receive analgesia. Nevertheless, although the recommended time of injection of NSAIDs, for instance 

meloxicam, is 30 min, the drug is typically administered together with the local anesthetic a few 

minutes prior to castration (Schoos et al., 2019). Its potential of action may therefore not be reached 

at the moment of castration, which may imply a poor intra-procedural efficacy. In that context, the 

benefits of analgesic administration to relieve piglet pain at castration remain debatable. 

It is also worth noting that impact of local anesthesia was studied using only one of the two drugs 

allowed for use during piglet castration in Denmark. Initially, the project included evaluation of both 

drugs, but time and budget restriction related to the Covid-19 pandemic led to cutting one drug off the 

design. The drug used for the studies, Procamidor Vet, was randomly selected. Some conclusions 

regarding effects of the method of injection or general handling-associated stress can be extrapolated 

to the second drug, but elements regarding timing of injection, efficacy of the drug, or potential 

systemic effects may need to be investigated specifically for Pronestesic, considering its different 

composition, e.g. including adrenaline (Ranheim and Haga, 2006). 

Lastly, it can be noticed that the comparison of the two injection methods included two slightly 

different needles. While the difference in length was specifically chosen (IT required a much shorter 

needle considering that it only had to reach the testes), the variation in needle diameter could not be 

avoided, as the plan for the design was limited by the relative lack of choice of commercially available 

needles. The shortest needle available had a slight difference in diameter, and still had to be 

supplemented with a hand-made plastic stopper. The effect of needle diameter on piglet’s response to 

injection remains undocumented in the literature, and warrants further study. Yet, this limitation should 

be kept in mind. 

b. Randomization, blinding, and choice of controls  

 As mentioned in the background section, the use of appropriate sample size, randomization, 

blinding, and control treatments are essential to ensure validity and reliability of the results. Details 

about these elements are provided below. 
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 Prior to testing, and as part of the requirements from the clinical trial permits, sample size were 

calculated (by LF) to ensure that the number of piglets per treatment was high enough to detect 

differences in indicators of pain and/or stress. It is worth noting that, for Study 1, this calculation was 

based on approximations of the expected outcomes for saliva cortisol and foreleg resistance 

movements, because no data from studies using comparable design and indicators could be found. 

Sample size calculations were also performed for Study 2, based on results of Study 1, and showed 

that the scale of the study - to our knowledge, the largest available so far - was sufficient to detect 

subtle differences in piglets’ responses (see further details in Paper II). 

 Schedules and treatment attribution plans were prepared prior to experimentation to ensure a 

balanced representation of treatments across litters and testing days. In addition, randomization 

measures were taken to further avoid experimental bias. Within each litter, the order of castration (and 

other procedures) was for instance randomized. It is, however, worth noting that, for Study 1, this 

randomization could only be partial, as some treatments required a long interval between procedures. 

In order to avoid unnecessary waiting in the testing area and to keep the maximum duration away from 

the home-pen below 1 h, piglets from these treatments had to be anesthetized or sham-handled early, 

and castrated, or sham-handled for the second time, within the last testing positions. This implied that 

piglets from CC, IF02, IF05, IT02, or IT05 were finalized in the castration room, and exposed to the 

motivation test, earlier than piglets from the other treatments. As addressed in the discussion, this could 

potentially impact the results of the motivation test. 

 As mentioned,  blinding measures were taken to avoid potential observer bias (Tuyttens et al., 

2014). Except from the experimenters in the testing area, performing the procedures and managing the 

recording devices for vocalizations and foreleg movements, all experimenters (including technicians 

analyzing cortisol concentrations) were blinded to the experimental treatments until the start of the 

statistical analysis. Nevertheless, it can be noted that, for the indicators involving a visual observation, 

this blinding could only be partial. For example, during observation of the foreleg movements, the type 

of procedure applied (local anesthesia, castration or sham-handling) was visible on the video recording. 

In addition, throughout observation of the home-pen behaviour, the presence or absence of a castration 

wound could clearly be observed. These limitations could not be removed without hampering the 

recording of the indicators, and are also described in the papers and manuscripts underlying the thesis. 

 Lastly, our choice of control treatments allowed to understand certain aspects of the procedure. 

The control group ‘castrated without anesthesia’ for instance, informed about the efficacy of the local 
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anesthesia, while the sham-handled groups allowed knowledge about effects of the tissue damage from 

the procedures by quantifying the effect of handling. However, other and additional control treatments 

could have been implemented to provide further insights on the effects of the procedure, as described 

in a non-exhaustive list in Table 3. Considering limitations in the scale of the studies, a choice had to 

be done among these options. Overall, it was assessed that castration without anesthesia and sham 

handling would provide the most important elements of comparison in order to interpret the results in 

relation to the aims of the thesis. 

Table 3. List of possible control groups and the insights they would bring to the studies 

Control group Element analyzed  

Castration without prior injection of local 

anesthetic 

Effect of the anesthetic injection 

Castrated with prior injection of saline Effect of the anesthetic, independent from the 

injection 

Sham-handled with stimulation of the groin Effect of tissue damage from injection and 

castration, independent from the stimulation 

of the groin area  

Sham-handled with two placements in the 

castration bench 

Effect of tissue damage from injection and 

castration 

Sham-handled with one placement in the 

castration bench 

Effect of tissue damage from castration, 

independently from repeated handling 

Non castrated, not placed in the bench but 

transported to the castration room 

Effect of injection and castration 

independently from removal from home-pen 

and transport to testing area 

Non castrated, not transported to the castration 

room but handled 

Effect of injection and castration 

independently from handling 

Non castrated, not handled but castration of peers Effect of injection and castration 

independently from emotional contagion of 

pain and stress 

Non castrated, no handling of the litter Effect of injection and castration 

independently from litter disturbance 

Castration with prior injection of local anesthetic, 

but no prior experience of tissue damage 

Effect of injection and castration 

independently from prior pain experience 
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Castration with prior injection of local anesthetic, 

performed by a veterinarian on a farm 

Effect of injection and castration 

independently from performance by farm staff 

Castration with prior injection of local anesthetic, 

in an experimental farm or in another room 

Effect of injection and castration 

independently from the castrating 

environment 

Castration with prior injection of local anesthetic, 

performed by a veterinarian in an experimental 

farm 

Effect of injection and castration 

independently from the effects of practice 

Groups included in the studies are displayed in bold. 
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6. Results 

This chapter first offers a summary of the findings for each study performed in the thesis. Details of 

the results for each indicator can be consulted in the papers and manuscripts. A second section gathers 

supplementary results that are not included in the papers, such as complementary analyses performed 

by students and interns collaborating on the project and supervised by this author. 

6.1. Main findings 

Study 1 

 No differences were found in the acute responses of piglets towards injection of anesthetic 

and/or castration between the two injection methods, intra-funicular and inter-testicular. 

Responses to castration after the four different intervals to injection did not differ significantly 

from each other, but castration after 2.5 or 30 min led to responses that often did not differ 

from piglets castrated without anesthesia, as measured for instance by front leg movements or 

maximum energy of the calls.  

 

Figure 14. Average count of resistance movements per treatment during castration in Study 1 

IF, intra-funicular injection and castration after 2.5 min (n=50), 5 min (n=48), 10 min (n=50) or 30 min (n=49); IT, 

intra-testicular injection after 2.5 min (n=50), 5 min (n=49), 10 min (n=49) or 30 min (n=49); SH, sham handling 

at an interval of 2.5 min (n=50), 5 min (n=25), 10 min (n=25) or 30 min (n=48); CC, castration without pain 

mitigation (control-castrated, n=49). Average ± SE. 

 Injection and castration led to significantly greater response than sham-handling for most of 

the indicators collected during the procedures, regardless of the method of injection or interval 

between injection and castration. In addition, after castration saliva cortisol concentrations 

(sampled at approximately 17 min post-castration) did not differ among treatments and 

controls, even when local anesthesia was used.  
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 In the social motivation test, speed to rejoin the littermates was reduced in piglets anesthetized 

and castrated as compared to the controls, at the exception of piglets castrated 30 min after 

anesthetic injection. Yet, piglets from the treatment groups walked a distance that was 

comparable or superior to the controls.  

Study 2 

 Piglets’ acute responses to injection of 0.3 and 0.5 mL of the local anesthetic did not differ 

significantly for any of the indicators. However, no differences were found between piglets 

administered 0.3 mL of the drug and piglets sham-handled for the maximum power of 

vocalization and number of vocalizations per second. At castration, piglets anesthetized with 

this combination of drug/volume showed, numerically, greater acute responses than piglets 

anesthetized with 0.5 mL of drug, although this difference was only significant for the 

proportion of calling during the procedure. In addition, this combination of drug/volume led to 

a maximum call energy that did not differ from the one of the piglets castrated without 

anesthesia. For the rest of the vocal parameters, and as measured by foreleg movements, piglet 

responses to castration did not differ between piglets castrated without anesthesia and other 

treatment groups, regardless of the volume injected.  

 

Figure 15. Maximum call energy per treatment during injection and castration in Study 2  

V05, intra-testicular administration of 0.5 mL of drug per testis (n=41); V03, intra-testicular administration of 0.3 

mL of drug per testis (n=42); SH, sham handling (n=83). CC, castration without anesthesia (n=43). Average ± SE. 

 When responses to the procedures were cumulated, as calculated in a simple addition of foreleg 

movements, call count, or call duration, piglets injected with the local anesthetic and later 

castrated had a total response that did not differ significantly from the one of piglets castrated 

without anesthesia.  
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 Overall, both anesthetized groups showed greater responses to injection and to castration as 

compared to the sham-handled controls. In addition, the post-castration saliva cortisol 

concentration (sampled approximately 17 min post-castration) did not differ among any of the 

groups, treatments or controls. 

 In the social motivation test, piglets injected with 0.5 mL of the local anesthetic prior to 

castration showed a greater latency to reach the littermates as compared to the controls, and 

walked a longer distance. Piglets injected with 0.3 mL had a reduced latency to complete the 

test as compared to 0.5 mL, and their performance did not differ significantly from the piglets 

castrated without anesthesia. 

 Immediately after this test, upon return to the home-pen, piglets injected with 0.5 mL of the 

drug tended to show a reduced activity at the udder as compared to the controls castrated 

without anesthesia or sham-handled. This tendency was not observed in piglets administered 

0.3 mL of anesthetic. A similar trend was observed for the occurrence of huddling up or 

shivering, although the differences did not always reach statistical significance. In addition, 

castration under local anesthesia, regardless of the injected volume, led to increased occurrence 

of shivering, scratching, and tail wagging as compared to sham handling, with comparable 

levels to piglets castrated without anesthesia.  

Multi-variate analysis 

 When indicators were split into the following types: vocal parameters, resistance, cortisol, 

social motivation, home-pen behaviours, and human interaction, each type of indicator loaded 

on separate principal components in the principal component analysis, and showed relatively 

low correlation coefficients among each other. 

 Even within each type of indicator, specific parameters were, in some cases, found to explain 

different elements of the piglet response. For instance, vocal intensity was found to explain a 

different pattern than the number of calls emitted or the call duration.  

 Cortisol concentration did not load on any of the PCA component, indicating that this indicator 

explains a different type of response than the other types of indicators used. In addition, this 

parameter showed no correlation with any of the acute indicators, but some weak correlations 

with some post-surgical behaviour. 
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anesthetic injection and surgical
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Leslie Foldager1,2 and Mette S. Herskin1
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Although applied in some countries, e�cacy of local anesthetics based on

procaine to mitigate acute responses to piglet castration remains questioned.

This paper presents results from a factorial study examining the e�ects of

two methods of injection of a procaine-based drug (intra-funicular, IF, vs.

intra-testicular, IT), and four intervals between drug injection and castration

(2.5, 5, 10, and 30min) on acute responses of 3–4 day old piglets. The

study involved 597 male piglets, and 13 treatments: surgical castration

without anesthesia (CC), local anesthesia followed by castration involving all

combinations of injection method and interval, and sham handling separated

by the same four intervals (SH). Responses of piglets to drug injection,

castration and sham handling were evaluated based on quantification of

intra-procedural vocalizations and leg movements, as well as saliva cortisol

concentration in samples taken before and after castration. No di�erences

were found between IF and the simpler IT injection method. Intervals of 2.5

or 30min led to stronger piglet responses than the other intervals. Overall,

treatments involving anesthesia led to significantly stronger responses than

sham handling, during both injection and castration. All treatments, even sham

handling, led to a significant increase in saliva cortisol, with no di�erences

between anesthesia treatments and controls. Based on these results, castration

5–10min after intra-testicular injection of procaine seems to be preferable

as compared to the other treatments tested. However, piglets still showed

measurable signs of pain and stress during both injection and castration, while

handling alone (including the use of a castration bench) triggered a noticeable

stress response. In light of these findings, the overall benefit of the procedure

in terms of piglet welfare remains arguable.
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Introduction

Surgical castration is a routine practice that involves millions

of pigs yearly in the EU and other global regions. The procedure,

consisting of the removal of the male piglets’ testes via severing

of the spermatic cords, is primarily performed to prevent

boar taint, perceived by humans as an unpleasant odor, and

potentially present in meat from entire males (1). Implemented

without pain mitigation, surgical castration leads to substantial

pain and stress in piglets, as measured for example by a higher

prevalence of high frequency vocalizations (2, 3), increased

plasma cortisol concentrations (4–7), and in-pen behavioral

alterations (5, 8, 9) compared to sham handled piglets. As

a result, pain mitigating strategies such as administration of

non-steroidal anti-inflammatory drugs (NSAIDs) and/or local

anesthetics prior to the procedure have been developed and

implemented. Studies suggest that local anesthesia limits the

expression of high pitch vocalizations (2, 10, 11), reduces

levels of leg movements interpreted as resistance (11–14), and

decreases the plasma cortisol response (10, 15). In accordance

with the ‘European Declaration on alternatives to surgical

castration in pigs’, stating that from 2012, all piglets should

receive prolonged pain relief (16), various European countries

have enforced the use of local anesthetics prior to piglet

castration, and the practice is common, but not systematic, in

the European pig industry (17).

In Denmark, the fourth largest producer of pigs in Europe

(18), systemic pain relief using NSAIDs has been mandatory

since 2009, and the administration of local anesthetics became

a code-of-practice in 2019, following an initiative from the

Danish pig industry (19). Farmers and herdsmen are allowed

to administer the anesthetics themselves after completing a

training led by a veterinarian, following the guidelines provided

by the Danish Veterinary and Food Administration [DVFA,

(19)]. These include administration of the anesthetic using

an intra-funicular injection (injection into the spermatic cord,

testis, and scrotal skin), also referred to as a “three-step”

method, and a 5 to 10min time interval between injection and

castration (19). The procedure is performed using one of the
two anesthetics drugs (both procaine-based) legalized for piglet
castration in Denmark.

Yet, most studies investigating the efficacy of local anesthesia
to mitigate piglet pain have been carried out in laboratory-

like conditions, involving procedures performed by skilled

veterinarians [e.g., (10, 12)]. Thereby, the procedures likely

considered subtle aspects of the injection techniques such as the

speed or the pressure applied on the testes, which potentially

may affect the pain triggered as well as administration efficacy

(20, 21). Other studies have been performed on-farm, but still

involved a trained veterinarian for the administration of local

anesthetic and castration (22, 23). Thus, in the absence of a

comparative study, it is not known whether herdsmen, despite

their mandatory training, perform complex procedures such

as intra-funicular injections to a similar level as experienced

veterinarians. Consequently, the possibility for diverging efficacy

of the procedure when performed in practice, as compared

to studies led by veterinarians, means that predictions for the

actual welfare impact of castration involving local anesthesia, as

commonly performed commercially, may be uncertain. A field

trial setup was therefore implemented in the present study.

While the efficacy of local anesthesia administered prior

to piglet castration has been mostly reported in studies using

lidocaine, procaine is the active ingredient most frequently

used as anesthetic for pig castration in the EU (17). Textbooks

reviewing lidocaine and procaine report differences in terms of

onset of action, efficacy and potency (24–26). In addition, recent

studies suggested unsatisfactory pain mitigation of procaine

administered alone before surgical castration of 3–7 day old

piglets (12, 22, 27).

Irrespectively of the drug used, knowledge on the welfare

impact of castration with prior administration of local

anesthetics remains limited, as only few studies have reported

piglets’ response to the injection itself. As reviewed by Kongsted

et al. (28), studies reporting effect of different methods of

injection are also scarce. In addition, the effect of specific

modalities of the anesthetic administration remain poorly

documented. For instance, while the method of injection is

often described with regards to the anatomical location (intra-

funicular, intra-testicular), descriptions of the orientation of the

needle, pressure applied on the testes, or distribution of the

injected liquid is often lacking (29). Potential effects of the

interval between injection of the anesthetic and castration have

been discussed with regards to the onset of action, but, to our

knowledge, only one study compared the impact of interval on

the acute response to castration for a specific drug (30).

The aim of the present study was to compare the effect

of two methods of injection of procaine as a local anesthetic

and four time intervals between injection and castration on

piglets’ responses to injection and castration in field trial

conditions resembling commercial practice. Acute responses

were evaluated based on vocalizations and number of leg

movements, interpreted as resistance, during injection and

castration, as well as saliva cortisol concentrations before and

after surgical castration.

Materials and methods

Animals

The experiment was carried out between July and October

2020 and was conducted in a Danish conventional sow herd

with approximately 1,300 sows giving birth to (Landrace ×

Yorkshire) × Duroc crossbred piglets. Sows were loose-housed

in farrowing pens measuring 3.1 × 2.8m, set as a crate in the

first week post-farrowing, i.e., during the experiment.
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Trials were conducted 2 days per week, corresponding to the

routine days of castration at the farm. Earlier in the week, litters

reaching 3 to 4 days of age on the weekday of experimentation

(with day 0 defined as the day of birth of the last piglet in a

litter), and counting at least six males, were clinically assessed,

and male piglets selected. All selected piglets were clinically

healthy and free of overt anatomical malformations. Piglets

weighting <0.9 or >2.3 kg on the day of selection were not

included in the study, due to a risk of improper fit in the

castration bench during testing. Each of six male piglets selected

within a litter was randomly assigned to one of 13 treatment

groups (Table 1) according to a randomization plan balancing

treatments between litters, experimental days, and experimental

weeks. On the day of castration, the health status of experimental

piglets and sows were re-assessed, and piglets were excluded

from the experiment if the inclusion criteria were not fulfilled

(severe diarrhea, lameness, or sow rectal temperature higher

than 39◦C).

All piglets were identified by a number written on their back

using a food-safe marker. Experimental piglets were allowed

to be cross-fostered in the first days of life, but could not be

moved from their litter after selection. Cross-fostering of non-

experimental littermates was permitted up to the morning prior

to castration. The piglets were administered a suspension of

45mg toltrazuril and 200mg gleptoferron (ForcerisTM, 1.5mL,

Ceva Animal Health A/S, Libourne, France) on day 1 after

farrowing. The experimental piglets were not ear tagged,

tail docked, or teeth clipped before castration. In order to

avoid confounding of the results on the efficacy of the local

anesthetic, piglets were administered an NSAID (intramuscular

injection of 1.5mg meloxicam; Melovem, 0.3mL, Dopharma,

The Netherlands) as analgesic after completion of the data

collection and within 24 h after castration.

Study design

On the day of castration, experimental piglets were weighed.

Saliva samples were taken approximately 35 to 40min before

bringing the piglets to the testing area, a calm room outside

the farrowing room. All experimental piglets plus one extra

littermate selected at random were transported together in a

plastic box (size: 71.5× 53.0× 39.5 cm) layered with straw, and

placed underneath a heat lamp (averaging 20◦C, ranging from

15 to 25◦C at recipients) upon arrival in the testing area. Piglets

were injected, castrated or sham handled one by one, respecting

a randomized testing order, and following a predefined schedule

ensuring that the experimental intervals between procedures

were respected. During all procedures, piglets were fixated while

lying on their back, in a commercially available castration

bench (Unitron A/S, Kolding, Denmark). For the experimental

purpose, the bench was modified to enable larger amplitudes of

front leg movements, and more natural opening of the mouth

during vocalizing. To further ensure a proper fit in the bench,

considering the variation in piglets’ body size, a soft material

(5-mm yoga matt; Figure in Supplementary Figure S1) could be

placed in the bench.

In-between procedures, piglets were returned to the heated

box with their littermates. Immediately after castration or

last sham handling, piglets were individually subjected to

complementary testing not reported in the present paper, and

brought back to the sow in the farrowing pen. On average

17min after castration or last sham handling, a second saliva

sample was taken in the farrowing unit. Later in the afternoon,

approximately 6 h after castration, a last saliva sample was taken

for cortisol determination.

In accordance with the clinical trial permit (described

below), piglets were closely monitored for drug-related side

effects up to 72 h after anesthetic injection and castration.

Two experimenters were present in the testing area: an

experimenter performing the procedures, and an experimenter

starting and stopping the recordings. These two were not

blinded to the experimental treatments. All other experimenters,

selecting the piglets, sampling them, recording the data and

creating the datasets were blinded until the start of the

statistical analysis.

Treatments

A total of 597 piglets were assigned to one of thirteen

treatments (Table 1): Surgical castration without local anesthesia

involving a single stay in the bench (control-castrated; CC),

intra-funicular (IF) injection of 0.5mL of local anesthetic per

testis and subsequent castration after 2.5min (IF02), 5min

(IF05), 10min (IF10) or 30min (IF30), intra-testicular (IT)

injection of 0.5mL of local anesthetic per testicle and subsequent

castration after 2.5min (IT02), 5min (IT05), 10min (IT10) or

30min (IT30), sham handling (SH) with two stays in the bench

without tissue damage inflicted (sham anesthesia and sham

castration), separated by 2.5min (SH02), 5min (SH05), 10min

(SH10) or 30 min (SH30).

Procedures

All surgical and injection procedures were performed by

the same experimenter, an experienced farm staff from Aarhus

University trained in accordance with standards from the

DVFA (19). To achieve a uniform injection technique among

the experimental piglets, the experimenter received additional

training led by a veterinarian and practiced the different

procedures on approximately 50 piglets before experimentation.

For all piglets, the precise duration of each procedure (injection,

castration, sham handling) was recorded to the nearest second.
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TABLE 1 Description of the 13 treatment groups involved in the study.

IF02 IF05 IF10 IF30 IT02 IT05 IT10 IT30 CC SH02 SH05 SH10 SH30

IM IF IF IF IF IT IT IT IT – SH SH SH SH

TI 2.5 5 10 30 2.5 5 10 30 – 2.5 5 10 30

N 50 50 50 49 50 49 50 49 50 50 25 25 50

Apart from CC (control castrated), all treatments were a combination of a method of injection (IM): IF, intra-funicular injection; IT, intra-testicular injection; SH, sham handling; and time

interval between injection and castration (TI, min): 02, 2.5min; 05, 5min; 10, 10min; 30, 30min. N, number of piglets tested per treatment.

Anesthetic drug

The anesthetic used in the study was a procaine

hydrochloride 2% solution (Procamidor R© Vet., 20 mg/mL,

Richter Pharma AG, Wels, Austria). The product was

administered using an automatic syringe (Prima Tech R©; 0.5mL

in 0.1mL increments) with a 25G needle for the intra-funicular

injection (0.5 × 16mm, BD MicrolanceTM 3, BD, New Jersey,

USA). For the intra-testicular injection, in order to get the

shortest needle length possible, a 26G needle (0.45 × 12mm,

Sterican R© Insulin needle, B Braun Medical SA, Barcelona,

Spain) was used, together with a 5mm plastic stopper. Needles

were changed between each piglet.

Injection types

Piglets were fixated in dorsal recumbency position in the

castration bench, and testes were fixed carefully in the distal

end of the scrotum. The scrotum area was not disinfected

prior to anesthetic injection nor castration. The right testis

was fixed caudally between the thumb and index finger of

the experimenter, applying a steady but low pressure during

the fixation. For the intra-funicular injection, the needle was

inserted at a 45-degree angle pointing in dorsal direction

and a 10-degree angle pointing in lateral direction from a

caudocranial view (Figure 1). The needle was inserted in its full

length (16mm) through the center of the testis and aiming

for the spermatic cord. The anesthetic was administered by

continuously dispensing the drug while withdrawing the needle,

and releasing the testis, also referred to as “push and pull

technique” (19). After each injection, a drop of the anesthetic

was left on the surface of the skin of the scrotum (Cutis scroti).

For the intra-testicular injection, the needle was inserted in the

center of the right testis, in a dorsal direction at an angle of 90

degrees from a caudocranial view (Figure 1). A custom-made

5mm plastic stopper was placed on each needle to ensure a

standardized needle length of 7mm. The anesthetic was injected

slowly into the testicle (over approximately 3 s) while gradually

loosening the grip around the testicle. The procedures were then

repeated for the left testicle, and the piglet removed from the

castration bench and placed in a heated area with littermates

until castration.

FIGURE 1

The two methods of injection of the local anesthetic. (A) The

angle of insertion of the needle is shown for the intra-funicular

(IF) and (B) intra-testicular (IT) methods.

Castration

After fixation in the castration bench, a disposable

scalpel (Scalpel no. 24, carbon steel sterile blade, Swann-

Morton, Sheffield, England) was used to perform an incision

(approximately 1 cm) through the scrotal skin and spermatic

fasciae. The right testis was then gently pressed between the

index and the thumb of the experimenter until fully outside of

the scrotum. The testis was then carefully lifted vertically, and

the spermatic cord cut a few millimeters below the testis using

the scalpel. The incision was repeated on the left testis. A new

scalpel was used for each piglet. A video of the procedure is

available in Supplementary Video S1.

Sham handling

Piglets were fixated in the castration bench, as previously

described, for a duration of approximately 25 s (corresponding

to the average duration of the procedures of local anesthesia and

castration as assessed in a pilot study), during which they did

not experience any tissue damage nor physical stimulation of the

groin area.
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Ethical and other permits

The study was performed in compliance with the EU

Directive 2010/63/EU for animal experiments, the Ministry of

Food, Agriculture and Fisheries, and The Danish Veterinary

and Food Administration under act 474 of 15. May 2014 and

executive order 2028 of 14. December 2020. The experiment

was approved as a clinical trial by the Danish Medical Agency

(reference number 2020061784). All procedures were ethically

evaluated and approved by the Danish Animal Experiments

Inspectorate (Approval number 2019-15-0201-00263).

Data collection

Vocalizations

The vocal responses of the piglets were recorded during each

procedure, using a microphone (Sennheiser E614, Sennheiser

Wennebostel, Germany) fixed 30 cm ahead of the piglet’s snout,

at the level of the head of the piglet. The microphone was

connected to an amplifier (Audiobox USB R© 96, PreSonus,

Louisiana, USA) connected to a computer, from which

recordings were manually started and stopped upon piglet’s

placement and removal from the castration bench. Duration

of each procedure was recorded. All vocal files were analyzed

in Raven Pro 1.6 bioacoustics analysis software (Cornell Lab

of Ornithology, Ithaca, New York, USA) using the band

limited energy detector function, as described in Coutant

et al. (27). This function allowed each intra-procedural call

to be automatically detected based on a pre-set of parameters

(data in Supplementary Text S1), and characterized in terms

of number, duration, energy, and entropy. After running

the automatic call detection, each procedural recording was

manually checked to ensure that every call was properly

selected, and to de-select surrounded noise or experimenter’s

voices wrongfully detected as a call. For all piglets, vocal

characteristics of each procedure were then defined (Table 2)

and analyzed. These procedures were performed by one person

(MC), blinded to the experimental treatments. An auditory

example of a piglet vocalizing during castration can be consulted

in Supplementary Video S1.

Resistance movements

Four distinct types of front leg movements, interpreted as

resistance movements, were recorded during each procedure

using a camera (GoPro HERO7 Black, GoPro, San Mateo,

California, USA; 60 frames per sec, FPS) placed on a stand

30 cm to the right of the castration bench, approximately 50 cm

above the bench. This distance allowed a full picture of the

piglets’ front legs. Resistance movements were quantified using a

novel method developed in Coutant et al. (27). Video clips were

observed at low speed (5 FPS) to detect four types of movements:

flexion, extension, kick, and blow (Table 3; Figure 2). Two

TABLE 2 Description of the vocal parameters analyzed for each piglet

during injection of local anesthetic, castration, or sham handling, all

performed while the piglet was in the castration bench.

Parameter (unit) Description

Call proportion Proportion of time spent vocalizing during the

procedure, calculated as call duration /procedure

duration.

Call per second (s−1) Number of calls per s of the procedure

Mean call duration (s) Average duration of a call during the procedure,

calculated as sum of call durations/number of

calls.

Mean energy (dB) Average energy, calculated as an average of the

energy of each call during the procedure.

Max energy (dB) Maximum value of energy recorded for all calls

during the procedure.

Max power (dB) The maximum power recorded for all calls during

the procedure, relative to the specific recording

set-up.

Aggregated entropy (kilobits) Aggregated disorder for the procedure obtained by

analyzing the energy distribution within each call.

Higher entropy values correspond to greater

disorder in the sound whereas a pure tone would

have zero entropy (31).

Max entropy (kilobits) Highest value of disorder recorded for all calls

during the procedure.

observers, blinded to the experimental treatments, were trained

to recognize and count these behaviors, and practiced recording

on approximately 100 random video clips, using the Behavioral

Observation Research Interactive Software [BORIS; (32)]. Each

video sequence was then analyzed, and the occurrence of

each type of behavior was counted for each front leg in the

interval between closing and opening of the castration bench.

Movements that were too sudden to be categorized despite

the low speed of video analysis were not counted. Reversely,

movements performed relatively slow (duration >1 s) were not

considered as resistance and therefore not recorded. In addition,

duration of blocking in the bench, corresponding to a leg being

mechanically unable to move due to physical blocking, were

also recorded. The two observers showed a high inter-observer

reliability with an intraclass correlation coefficient (ICC) close

to 96% (95% confidence interval: 90–99%; comparing 15 video

clips). An example of leg resistance movements performed by

a piglet during castration can be consulted in the video in

Supplementary Video S1.

Saliva cortisol concentrations

For baseline, one saliva sample per piglet was collected in

the home pen on average 35 (±14; SD) min before the first

procedure. For changes in saliva cortisol in response to the
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TABLE 3 Description of the leg resistance movements recorded

during injection of local anesthetic, castration, or sham handling, all

performed while the piglet was in the castration bench.

Category Description

Flexion Piglet vertically bends his front leg, provoking a flexion

of the elbow of at least 90 degrees.

Extension Piglet fully extends his front leg while lowering the head

in the bench. May be accompanied by trembling of the

leg and/or by a subtle lift of the piglet’s back.

Kick Piglet front leg performs a sudden upwards movement,

changing from a flexion to a tense upwards position.

Blow Piglet suddenly draws back his front leg forwards or

backwards for at least half a bench length, from a

normal upright position to an extended position, with

little or no flexion of the elbow.

Leg blocked Piglet’s front leg is blocked in the bench cone,

preventing movement.

Each leg was scored separately. Figure 2 shows a visualization of the leg movements.

procedures, one sample per piglet was collected on average 17

(±9) min after castration and again approximately 6 h after

castration (5 h 47min±26min). Saliva samples were performed

using a novel method recently used in Coutant et al. (27);

a cotton swab (Salivette R©, Sarstedt, Aktiengesellschaft & Co.,

Numbrecht, Germany) was cut in pieces (approx. 2.0× 0.5 cm),

soaked in concentrated apple juice (nectar from concentrated

juice, min 60%, Rynkeby Foods A/S, Ringe, Denmark) for 1 h,

and dried in an electric oven at 60◦C for 5 h. A pilot study

revealed an increase in saliva production with this method

compared to the use of a non-pre-soaked piece of cotton.

Similar results were obtained with soaking the cotton pieces

in citric acid (fresh lemon juice), but after this method, saliva

sampling seemed more aversive for the piglets, and the method

was therefore abandoned. During sampling, the cotton swab

was fixed at the end of a straight pean clamp, and gently

introduced into the piglet’s mouth, while the piglet was held

in the experimenter’s arms. The cotton was rotated gently in

the piglet’s mouth for 30 to 45 s, with insistence around the

salivary glands. This procedure was performed by one of four

trained experimenters blinded to the experimental treatments.

The sample was then placed in an experimental tube (provided

as part of the Salivette R©), labeled, and stored at −18◦C

until cortisol concentration determination at the departmental

laboratory. Samples were defrosted and centrifuged for 6min

at 1,000 × g. Concentrations of cortisol were determined

using a direct enzyme immunoassay without extraction and

previously validated for saliva (Arbor Assays, Cat. K003-H1W,

Michigan, USA). With this method, the antiserum cross-reacts

with cortisol and some cortisol metabolites, and values have

to be interpreted as cortisol immunoreactivity. The intra-assay

FIGURE 2

Visual representation of the four leg resistance movements

recorded during injection of local anesthetic, castration, or

sham handling while in the castration bench. F, Flexion; K, Kick;

E, Extension; B, Blow. The visualizations only show the leg

movements, see further description of the categories in Table 3.

coefficient of variation was 3.7 and 5.6%, respectively, for low

and high control, and the inter-assay variation was 7.2 and 9.8%

for low and high control, respectively. The minimal detectable

concentration was 45 pg/mL. The procedure outlined by the

manufacturer was followed.

Statistical analysis

Three piglets were removed from the analysis: two piglets

due to experimental issues during the procedures, and one

due to cryptorchidism (only one testis descended) discovered

during injection of the local anesthetic. In addition, for

two piglets, insufficient amounts of saliva rendered cortisol

analysis impossible, and eight piglets were excluded from the

resistance movement analysis due to technical issues with

the recording of the videos (five for injection and three

for castration). Malfunctioning and technical issues of the

vocalization recording set-up resulted in 168 missing files for

anesthesia and 182 missing files for castration, leaving valid

vocalization data from 376 piglets for anesthesia and 412 piglets

for castration.

Vocalizations and resistance movements were analyzed

separately for local anesthesia and castration. During the

injection of the local anesthetic, time interval had not yet any

bearing, and thus for the first procedure only three treatments
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were relevant: injection by intra-funicular method (IF), injection

by intra-testicular method (IT), and sham handling (SH).

The vocalization parameters (Table 2) were log-transformed

if necessary (to obtain normality) and analyzed in a linear mixed

effects model with treatment as the main explanatory variable,

weight (range: 0.94–2.68 kg), age (3 or 4 days), time of day

when starting the procedure (decimal h, range: 8.21–14.66) and

duration of procedure (range: 21–117 s) as covariates, and litter

as a random effect. Rate of vocalizations and other variables

where duration of the procedure was an integrated part of

the calculated response, were analyzed by similar models, but

without duration of the procedure as covariate.

The counts of each type of resistance movements were

summed per piglet during each procedure (Table 3). Total

observation duration was defined as the sum of observation

time per leg, subtracting the duration of left leg and right leg

occasionally being blocked while in the castration bench. The

sum of piglets’ resistance movements was analyzed by a negative

binomial mixed effects model including treatment as main

explanatory variable, weight, age and time of day as covariates,

logarithm of total observation duration (range: 1–211 s) as offset,

and litter as a random effect.

Changes in saliva cortisol in response to the procedures were

log transformed and analyzed in a mixed model with treatment,

sampling point (early - late) and their interaction as fixed effects

of main interest, and weight, age, time of sampling (decimal h,

range: 7.82–20.50), and baseline cortisol concentration (range:

2,001–48,570 pg/mL) as covariates, with sample point as a

repeated measure, and litter as random effect.

For all outcomes, initial models were reduced by stepwise

removal of fixed effects at P > 0.10, starting with the interaction

of highest order, however, never removing the main effect

for the variables of key interest. In linear mixed effects

models, Satterthwaite’s approximation of denominator degrees

of freedom was used. Deviations from assumption of normality

and variance homogeneity were monitored visually by plotting

residuals at each step. Covariates with significant effects were

maintained in the final models, but effects not reported, at the

exception of weight.

In case the final model showed significant effect of the

treatments (P≤ 0.05), pairwise comparisons between treatments

were performedwith p-values adjusted formultiple comparisons

using the Tukey-Kramer method (marked by Padj). For analyses

of castration, however, Tukey-Kramer was not applied as the

13 treatment groups would result in 78 pairwise comparisons,

many of which were not relevant for the aims of the

present study. Instead, intervals were compared within injection

methods, and methods were compared within intervals, using

unadjusted P-values reported as P. All calculations were

performed using SAS 9.4 (SAS Institute Inc., Cary, North

Carolina, USA). All data used for statistical analysis can

be consulted in the dataset in Supplementary Dataset S1.

Descriptive measures are presented as average± standard error.

Results

Vocalizations

Vocal responses of piglets during administration of the

local anesthetic were affected by the treatments. A significant

difference was observed in 6 out of 8 indicators (Table 4), i.e.,

for call proportion, call per second, mean energy, max energy,

max power, and aggregated entropy. Across all indicators, no

differences were found between the two methods of injection

of the local anesthetic, and both types of procedures resulted

in higher values of vocal parameters compared to sham

handled (i.e., not injected, not castrated) piglets. There was

no effect of treatments in terms of mean call duration and

max entropy.

At castration, all vocalization indicators showed significant

treatment differences (Table 5), except for max entropy.

Generally, IF did not differ significantly from IT, except

in mean call duration, where IF resulted in longer calls

than IT when pigs were castrated 2.5min after anesthetic

injection, while IT resulted in longer calls than IF when pigs

were castrated after 30min. Piglets castrated 2.5min after

IF injection showed mean call durations, maximum energy

and maximum power levels not differing significantly from

CC. Additionally, no differences were found between vocal

responses of piglets castrated 30min after IT injections and

the ones of CC in terms of call proportion, mean call

duration and max energy. In five out of eight indicators

(i.e., call proportion, mean call duration, mean energy, max

energy, and max power), no differences were found between

vocal responses of IT and IF vs. SH, when piglets were

castrated after 5 and 10min. Vocal responses of piglets in

the treatments IF and IT were, though, greater than SH in

the case of castration after 2.5 and 30min. IT and IF vocal

responses were greater than SH, regardless of the interval

between local anesthesia and castration, and did not differ

significantly from those of CC, in terms of call per second

and aggregated entropy. Piglet weight was associated with

mean energy (F1,289= 7.1, P = 0.008), max energy (F1,281=
4.6, P = 0.033), and max power parameters (F1,277= 7.5,

P = 0.007), with greater values observed in heavier pigs.

Overall, piglets’ vocal responses to castration did not differ

between intra-testicular and intra-funicular injections. Stronger

responses, often comparable to those of piglets castrated without

anesthesia, were shown by piglets castrated 2.5 and 30min

after anesthetic injection, while most vocal parameters did not

differ from sham handled animals when piglets were castrated

5 and 10min after local anesthesia. For two indicators, i.e.,

call rate and aggregated entropy, the vocal parameters of

piglets castrated after injection of local anesthetic did not differ

significantly from those of piglets castrated without anesthesia,

regardless of the time interval between local anesthesia

and castration.
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TABLE 4 Averages (± SE) of vocal parameters recorded during injection of the local anesthetic.

IF IT SH F-test P

Call proportion 0.63± 0.01a 0.64± 0.01a 0.47± 0.02b F2,314= 29.4 <0.001

Call per second (s−1) 0.90± 0.02a 0.88± 0.02a 0.66± 0.03b F2,314= 39.3 <0.001

Mean call duration (s) 0.75± 0.03 0.76± 0.02 0.72± 0.03 F2,311= 1.6 0.201

Mean energy (dB) 84.80± 9.17a 85.13± 9.12a 46.41± 10.10b F2,310= 5.6 0.004

Max energy (dB) 319.98± 8.54a 318.51± 7.94a 288.21± 10.46b F2,311= 3.2 0.041

Max power (dB) −14.24± 0.74a −14.40± 0.67a −17.06± 0.89b F2,311= 4.3 0.015

Agg entropy (kilobits) 130.54± 3.27a 122.08± 2.85a 108.82± 4.40b F2,330= 33.8 <0.001

Max entropy (kilobits) 5.94± 0.01 5.91± 0.01 5.93± 0.02 F2,312= 1.1 0.340

a,bDifferent letters within a row indicate significant differences between treatments, Padj ≤ 0.05; IF, intra-funicular injection (n = 138); IT, intra-testicular injection (n = 135); SH, sham

anesthesia (n= 103). Fn,d denotes an F-test on n, numerator and d, denominator degrees of freedom for the effect of treatment.

Resistance movements

Piglets’ leg movements during injection of the local

anesthetic differed significantly among treatments, with greater

levels of movements observed in IF and IT than in SH. The leg

movements observed during intra-testicular and intra-funicular

injections did not differ significantly, although piglets injected

by the intra-funicular method displayed an average of 17.6%

more leg movements than piglets injected by the intra-testicular

method. At castration, the number of resistance movements

differed significantly among treatments (Table 6). Regardless of

the time interval between injection and castration, IF did not

lead to a significantly different response from IT, and both

methods resulted inmore resistancemovements than SH. Piglets

castrated at various intervals after IF injection did not differ

significantly in their response, but piglets castrated after 30min

showed a response that did not differ significantly from the

one of CC. Similarly, piglets castrated after IT injection did not

differ significantly in their response, regardless of the interval. In

addition, levels of resistance movements of piglets castrated after

2.5 or 30min did not differ significantly from the ones of CC.

All SH piglets responded significantly less than castrated piglets,

regardless of interval between stays in the castration bench.

Overall, the level of resistance movements during castration

did not differ between injection methods nor interval between

procedures. Responses of piglets castrated 2.5 or 30min after

injection of anesthetic led to responses that did not differ

from those of piglets castrated without anesthesia. In addition,

anesthetised piglets, regardless of the method, showed more

resistance movements than sham handled piglets.

Saliva cortisol concentrations

As expected, baseline cortisol concentrations from

samples obtained 35–40min before the procedures did not

differ significantly among treatments (approx. 9,700 pg/mL,

F12,503= 0.8, P = 0.673; Table in Supplementary Table S1).

A weight effect was observed (F1,485= 12.2, P < 0.001), with

higher values of baseline cortisol in lighter piglets.

The interaction between treatments and timing of sampling

was not significant (F12,1044= 1.56, P = 0.097). After removing

the interaction from the model, the main effect of treatment was

also not significant, although a tendency was observed (F12,1112
= 1.67, P = 0.067). However, the average cortisol concentrations

following the procedures were significantly affected by the

sample point (F1,1056 = 708.3, P < 0.001), with higher

concentrations observed 17min after castration (17,378± 8,216

pg/mL) than 6 h after castration (9,479 ± 5,672 pg/mL). In this

model, an effect of weight was also observed (F1,456= 6.2, P =

0.013), with higher cortisol concentration in lighter piglets.

Considering the significant difference between cortisol

concentrations measured at 17min and 6 h post-procedure,

two separate analyses were performed. At 17min, treatment

groups differed in cortisol concentration (Table 7). Across IF

and IT, no difference was found among intervals between

injection and castration, but both injection methods led to,

or tended to lead to, a greater response than shown by sham

piglets at 10 and 30min. Within the IF treatments, piglets

showed a greater cortisol response when castrated 30min after

administration of the local anesthetic compared to 2.5 and

5min. Piglets anesthetised by the IT method did not differ

significantly, irrespective of the time interval between injection

of the local anesthetic and castration. Regardless of the method

of injection of the local anesthetic, piglets castrated after 10

and 30min showed a greater cortisol response than CC. Within

SH, no differences were observed for intervals 2.5, 5, and

30min, but piglets offered a 10min interval between stays

in the castration bench had a lower cortisol concentration

compared to intervals of 2.5min and 5min. The latter intervals

were also significantly different from CC. Cortisol responses

decreased with piglet weight (F1,356 = 9.49, P = 0.002). Overall,

cortisol responses 17min after castration did not differ between

injection methods, but greater responses were observed in

Frontiers in Veterinary Science 08 frontiersin.org

https://doi.org/10.3389/fvets.2022.1009858
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Coutant et al. 10.3389/fvets.2022.1009858

TABLE 5 Averages (±SE) of vocal parameters recorded during castration.

IF IT SH F-test P

Call proportion 2.5min 0.61± 0.03b,1 0.59± 0.03b,1 0.43± 0.04b,2 F12,370 = 6.8 <0.001

5min 0.59± 0.03b 0.60± 0.03b 0.51± 0.07b

10min 0.55± 0.03b,1 0.58± 0.02b,1/2 0.44± 0.05b,2

30min 0.60± 0.03b,1 0.66± 0.03ab,1 0.43± 0.04b,2

CC 0.72± 0.02a 0.72± 0.02a 0.72± 0.02a

Call per second 2.5min 0.87± 0.051 0.87± 0.051 0.68± 0.05b,2 F12,363 = 6.7 <0.001

5min 0.91± 0.041 0.89± 0.051 0.63± 0.07b,2

10min 0.95± 0.041 0.94± 0.031 0.69± 0.07b,2

30min 0.94± 0.041 0.87± 0.041 0.64± 0.05b,2

CC 0.92± 0.04 0.92± 0.04 0.92± 0.04a

Mean call duration (s) 2.5min 0.75± 0.05ab,1 0.70± 0.05abc,2 0.63± 0.04b,2 F12,364 = 2.4 0.006

5min 0.70± 0.05bc 0.70± 0.05b 0.81± 0.11b

10min 0.60± 0.04c 0.62± 0.03c 0.67± 0.08b

30min 0.68± 0.04bc,2 0.81± 0.05ab,1 0.68± 0.05b,2

CC 0.82± 0.04a 0.82± 0.04a 0.82± 0.04a

Mean energy (dB) 2.5min 34.58± 15.75b,1 52.37± 16.6b,1 0.15± 15.52b,2 F12,358 = 4.8 <0.001

5min 25.88± 16.43b 29.59± 18.05b 42.88± 29.40b

10min 19.28± 19.23b 12.93± 11.93b −2.34± 21.16b

30min 50.27± 18.81b,1 59.10± 18.68b,1 6.74± 15.40b,2

CC 131.20± 16.32a 131.20± 16.32a 131.20± 16.32a

Max energy (dB) 2.5min 299.20± 16.71ab,1 302.53± 15.36b,1 244.89± 18.90b,2 F12,359 = 3.5 <0.001

5min 273.55± 18.78bc 285.58± 19.65b 271.39± 24.91b

10min 265.70± 20.45c 268.42± 17.46b 250.20± 26.68b

30min 292.07± 18.28bc,1 302.51± 14.16ab,1 243.05± 18.59b,2

CC 349.24± 11.32a 349.24± 11.32a 349.24± 11.32a

Max power (dB) 2.5min −15.22± 1.52ab,1 −15.20± 1.34b,1/2 −20.20± 1.79b,2 F12,359 = 3.2 0.002

5min −18.42± 1.73c −17.44± 1.73b −18.65± 2.02b

10min −17.87± 1.64bc −19.36± 1.59b −20.52± 2.20b

30min −15.92± 1.54bc,1 −15.92± 1.15b,1 −20.39± 1.54b,2

CC −11.83± 1.04a −11.83± 1.04a −11.83± 1.04a

Agg. entropy (kilobits) 2.5min 136.12± 7.231 136.52± 10.251 110.08± 9.03b,2 F12,363 = 6.3 0.001

5min 144.72± 12.551 138.54± 7.391 100.73± 11.52b,2

10min 149.04± 7.251 141.56± 6.841 103.88± 9.52b,2

30min 149.11± 7.481 133.58± 5.921 108.61± 9.11b,2

CC 148.54± 6.23 148.54± 6.23 148.54± 6.23a

Max entropy (kilobits) 2.5min 5.97± 0.03 5.96± 0.03 5.93± 0.02 F12,361 = 1.7 0.067

5min 6.00± 0.03 6.00± 0.03 5.97± 0.03

10min 5.99± 0.04 5.99± 0.04 5.98± 0.04

30min 5.96± 0.03 5.98± 0.03 6.00± 0.02

CC 5.89± 0.03 5.89± 0.03 5.89± 0.03

1,2Different numbers within a row indicate significant differences between injection methods within intervals for the given parameter. a−cDifferent letters within a column indicate

significant differences between interval within injection method fort the given parameter; IF, intra-funicular injection and castration after 2.5min (n = 35), 5min (n = 33), 10min (n =

33) or 30min (n= 36); IT, intra-testicular injection after 2.5min (n= 30), 5min (n= 35), 10min (n= 36) or 30min (n= 35); SH, sham handling at an interval of 2.5min (n= 35), 5min

(n = 16), 10min (n = 19) or 30min (n = 35); CC, castration without pain mitigation (control-castrated, n = 35). Fn,d denotes an F-test on n, numerator and d, denominator degrees of

freedom for the effect of treatment.
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TABLE 6 Averages (±SE) of leg resistance movements recorded during castration.

IF IT SH χ
2-test P

Anaest. 28.44± 1.26a 23.85± 1.02a 14.32± 1.08b X2
2 = 172.4 <0.001

Cast. 2.5 min 24.62± 2.13b,1 30.26± 2.71ab,1 13.96± 1.77b,2 <0.001

5 min 24.23± 2.58b,1 26.49± 2.63b,1 11.08± 2.58b,2

10 min 30.22± 3.85b,1 26.96± 2.65b,1 16.08± 3.34b,2 X2
2 = 132.4

30 min 29.51± 2.41ab,1 30.96± 3.00ab,1 15.69± 2.01b,2

CC 41.06± 2.72a 41.06± 2.72a 41.06± 2.72a

At anesthesia (Anaest.), a,bdifferent letters within a row indicate significant differences between treatments, Padj ≤ 0.05; IF, intra-funicular injection (n= 195); IT, intra-testicular injection

(n= 196); SH, sham anesthesia (n= 148). At castration (Cast.), 1.2 different numbers within a row indicate significant differences between methods within intervals, P≤ 0.05. a−cDifferent

letters within a column indicate significant differences between intervals within methods, P≤ 0.05. IF, intra-funicular injection and castration after 2.5min (n= 50), 5min (n= 48), 10min

(n= 50) or 30min (n= 49); IT, intra-testicular injection after 2.5min (n= 50), 5min (n= 49), 10min (n= 49) or 30min (n= 49); SH, sham handling at an interval of 2.5min (n= 50),

5min (n= 25), 10min (n= 25) or 30min (n= 48); CC, castration without pain mitigation (control-castrated, n= 49). χ2
n denotes a chi-squared test on n degrees of freedom for the effect

of treatment.

piglets castrated 10 or 30min after injection, compared to

piglets castrated after 2.5 or 5min, and to piglets castrated

without anesthesia.

At 6 h post-procedure, piglets’ cortisol responses did not

differ significantly among treatments (F12,523= 0.7, P=0.721,

Table in Supplementary Table S1). At this point in time,

cortisol concentrations were not associated with piglet weight

(F1,301= 0.2, P = 0.681).

Discussion

We aimed in this study to assess piglets’ acute responses

to two methods of injection of a local anesthetic, and surgical

castration following four different time intervals after the

injection. Acute responses were evaluated based on piglet

vocalizations, leg movements interpreted as resistance,

and saliva cortisol concentrations in samples obtained at

two time points after castration (at approximately 17min

and approximately 6 h). Results showed no significant

difference between the two injection methods. Greater acute

responses were observed during castration performed 2.5

and 30min compared to 5 or 10min after the injections.

Saliva cortisol concentrations in samples obtained from

piglets castrated after injection with the local anesthetic

did not differ significantly from those of piglets castrated

without any anesthesia or sham handled. Below, these findings

are discussed in terms of methodology and in relation to

animal welfare.

Our results showed that, overall, administration of the

procaine-based local anesthetic reduced the acute responses

of piglets to castration, as measured by the number of

foreleg movements interpreted as resistance and vocalization

characteristics (including number, duration, and intensity of

calls), as compared to piglets castrated without anesthesia.

These results are based on quantitative recording of resistance

movements and automatic detection and characterization of

vocal parameters developed in the study, and are in line with

previous results (11, 14, 23, 27). Thus, these methods seem to

be able to detect subtle differences in piglets’ acute responses to

early-life interventions.

Saliva-sampling of 3–4 day old piglets is difficult as they

produce relatively low amounts of saliva, and display less

spontaneous chewing on cotton swabs during sampling than

older piglets being experienced with solid feed intake. The

present technique, developed in Coutant et al. (27), showed

successful as it allowed gathering of enough saliva to perform

the assays. In addition, samples taken on average 17min after

castration showed significantly higher cortisol concentrations

than baseline samples taken before, and post-procedural samples

taken hours after the intervention, indicating that these samples

did record a robust response to the procedure.

The present findings on saliva cortisol are, however, not in

line with previous studies showing a lowered cortisol response

to castration in piglets administered a local anesthetic prior

to castration compared to piglets castrated without anesthesia

(10, 15, 33). Importantly, previous studies reporting these results

analyzed plasma cortisol, and used lidocaine as the anesthetic,

potentially in combination with an analgesic. To the best of

our knowledge, only one other study reported saliva cortisol

responses to castration following injection of procaine (27). This

study, using a similar design to the present one, showed no

difference in cortisol response between piglets castrated with and

without anesthesia. A study on the development of the circadian

pattern of saliva cortisol secretion in neonatal piglets reported

a relatively high variation in cortisol concentrations from saliva

sampled in piglets up to 3 days of age, with a stable circadian

pattern only observed from 10 days of age in males (34). With

a relatively large individual variation in cortisol response, even

within a treatment, it cannot be excluded that the variation in

saliva cortisol concentrations in piglets as young as 3 to 4 days

of age may have reduced the possibility to detect differences

in acute responses, despite our relatively large sample size

(calculated based on previous plasma cortisol results). Further
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TABLE 7 Averages (±SE) of saliva cortisol concentrations (pg/mL) sampled at 17min post-castration.

IF IT SH F-test P

2.5min 16,958± 1,100bc 17,518± 1,277ab 18,589± 1,255a F12,518= 2.5 0.003

5min 16,367± 1,196bc 16,291± 816ab 18,742± 1,750ab

10min 19,132± 1,289ab,1 19,605± 1,482a,1 13,687± 1,289c,2

30min 19,713± 1,325a,1 17,207± 936a,1/2 15,842± 1,053ab,2

CC 15,057± 858c 15,057± 858b 15,057± 858b

1,2Different numbers within a row indicate significant differences between methods within intervals. a,bDifferent letters within a column indicate significant differences between intervals

within methods, P ≤ 0.05. IF, intra-funicular injection and castration after 2.5min (n= 50), 5min (n= 48), 10min (n= 50) or 30min (n= 49); IT, intra-testicular injection after 2.5min

(n = 50), 5min (n = 48), 10min (n = 49) or 30min (n = 49); SH, sham handling at an interval of 2.5min (n = 50), 5min (n = 25), 10min (n = 25) or 30min (n = 49); CC, castration

without pain mitigation (control-castrated, n= 49). Fn,d denotes an F-test on n numerator and d denominator degrees of freedom for the effect of treatment.

studies investigating the plasma cortisol response of piglets

subjected to treatments similar to our study could therefore be

relevant, although the general impact of the sampling method

should be carefully evaluated. We suggest that this way of

saliva sampling is generally preferable as relatively non-invasive

compared to venepuncture.

In relation to the interpretation of the cortisol results,

concern has been raised for years regarding the usefulness of

cortisol and other physiological indicators to inform about the

affective component of pain, as these indicators may be more

related to the level of arousal induced by the procedure (35, 36).

Our results may therefore also reflect piglets’ stress response

following the combined procedures rather than the ability of

the anesthetic to relieve acute pain only. If a longer duration

of the procedure (including injection of anesthetic, castration,

and the time interval in-between) is correlated with higher

stress responses, this suggestion could explain why, in our study,

higher cortisol responses were observed in piglets castrated 10 or

30min after administration of the local anesthetic, compared to

2.5 or 5min after, and compared to piglets non-anesthetized. It

is, however, surprising that a similar pattern was not observed in

sham handled piglets, where a 10min interval between stays in

the castration bench led to a lower cortisol response than 2.5 or

5min intervals. It is possible that a longer interval between stays

in the bench resulted in a different shape of the curve of cortisol

response, the peak of which is not known. We also hypothesize

that the lack of sensitivity of cortisol may have resulted in

ceiling effects following handling alone, as already suggested by

previous authors (4, 11), especially in neonatal piglets, whose

HPA-axis may be highly responsive (33). This suggestion is

supported, in our study, by comparable cortisol levels recorded

in sham handled and castrated piglets. As a consequence of these

known concerns, the present study examined acute responses to

injection of anesthetic and castration across several indicators

including cortisol, vocalizations and resistance movements,

thereby taking amulti-modal approach as suggested by Sheil and

Polkinghorne, and Baysinger et al. (36, 37).

To the best of our knowledge, only one other study

has investigated the efficacy of a local anesthetic as pain

mitigating when administered in practice by farmers. The

authors concluded that herdsmen were able to effectively inject

a local anesthetic intra-testicularly, resulting in comparable

efficacy of anesthesia as reported in other studies involving

trained veterinarians (13). Yet, this assessment was concluded

with no data or consideration of the piglets’ response to the

injection of the local anesthetic itself. Our study was not

designed to assess herdsmen’s ability to administer the local

anesthetic and subsequently perform castration, but rather to

study the acute response of the piglets, with approximation to

on-farm practice. A few adaptations to the castration routine

of the commercial farm had to be implemented for the sake

of data recording and standardization though. Piglets were

brought outside of the farrowing room to be injected with

the local anesthetic and castrated while in a castration bench,

whereas many farmers perform castration in the farrowing

room, placing the piglets upside down or onto the herdsman’s

lap during both procedures. Although the impact of castration

performed while the piglet is held upside down has recently

been reported (38), comparison of the potential implications of

different restraining techniques for piglets’ responses to injection

of local anesthetics has not yet been investigated. We cannot

exclude that fixation in the castration bench led to a different

stress response compared to handling on the lap, however, we

would expect that the placement of piglets in a calm, heated area

with littermates between injection and castration contributed

to limiting the stress response compared to the typical on-

farm practice of placement in a cartwheel in the farrowing

room. Similarly, application of the procedures in a calm

environment may limit the emotional social contagion of stress

responses (among littermates, and with the sow) potentially

happening when several litters are processed simultaneously

in the farrowing room (39). Yet, further studies are required

to investigate these suggestions. Throughout the study, the

same trained herdsman, hired for this specific role, performed

the procedures on all experimental piglets. This was chosen

to strengthen accuracy, lower variation and thus increase the

power to detect differences when comparing experimental

treatments.Whether the results can translate directly into a farm

setting is however not known. Further studies could investigate

the efficacy of the administration of a local anesthetic when
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performed by farm employees, as part of their daily routines in

the farrowing room.

Our study did not show a significant difference in acute

responses of piglets exposed to the intra-testicular vs. intra-

funicular injection methods. This result is in line with a previous

study performed in piglets under general anesthesia, and also

comparing the two methods (40). It can be remarked, though,

that the study by Haga & Ranheim (40) included a lidocaine-

based drug, and involved piglets of 22 days of age, thus

significantly older than in the present study. Similarly, a recent

study found no difference in vocalization and leg movements

in piglets administered 0.5mL of procaine by an intra-funicular

injection, vs. 0.3mL of the drug administered by intra-testicular

injection (23). The latter study involved the administration of

different volumes of anesthetic for the two injection methods,

evaluating the combined effects of the intra-testicular pressure

resulting from the volume of liquid injected (20), the anesthetic

efficacy obtained from the dose of anesthetic administered, and

the pain response from the area of injection (21). Although

the present results did not reach statistical significance, our

data showed close to 20% more resistance movements during

injection of the anesthetic in piglets subjected to an intra-

funicular injection vs. intra-testicular injection. The intra-

funicular injection is quite complex, requiring a deeper, more

precise, injection into the testicle and toward the spermatic

cord. Precision of the injection is considered important for

the efficacy of the anesthetic (41), while the speed of the drug

injection and the intra-testicular pressure may affect pain from

the injection (21). If one of the injectionmethods is to be applied,

we therefore see an advantage of the use of the intra-testicular

injection, as it appears to be easier and faster to perform

than the currently used intra-funicular injection type (23), with

comparable efficacy at castration. Yet, penetration of the testicle

by the needle, and increased intra-testicular pressure resulting

from the intra-testicular injection are considered painful (41).

In our study, injection of the local anesthetic, regardless of the

method of injection, led to a rate of resistance movements close

to doubled compared to handling without injection. In addition,

the duration of the procedure was affected by piglet weight

(results not shown), with longer procedures observed in lighter

piglets, potentially because fixation of the testes and insertion

of the needle at a correct angle may have been more difficult

in small piglets. Weight and age effects were also observed in

the vocal responses of the piglets to the administration of the

anesthetic and to castration, and in the saliva cortisol responses

as well. These effects may be related to a different fit in the

castration bench for smaller piglets, and/or to weight-related

characteristics, such as a smaller thoracic cage, potentially

affecting the performance of vocalizations. It is, however, also

possible that piglets’ experience of anesthesia and castration

vary based on their weight, as the volume of anesthetic injected

was fixed, and the dose of anesthetic administered per kg

therefore decreased with an increase in weight. This possibility

is, however, poorly supported by our data as weight effects were

inconsistent and not recurrent across indicators. Yet, future

studies could focus on the effects of anesthetic injection and

subsequent castration applied in piglets across a wider weight

range, e.g., across the legal age range of 2 to 7 days for surgical

castration after local anesthesia.

The effect of interval between injection of local anesthetic

and castration is poorly investigated in the literature, and seem

to only have been included in one study by Courboulay et al.

(30). The study compared piglets’ response to castration 15 or

30min following administration of procaine, and found reduced

plasma cortisol response in piglets castrated 30min compared

to 15min after injection (30). The interpretation of this result

in terms of the efficacy of the anesthetic can be questioned,

though, as cortisol responses may not be accurate indicators

of nociceptive pain, as already discussed. The authors of the

study mentioned that previous studies have suggested an onset

of 20min for procaine, and that most work evaluating the

efficacy of procaine used a 10 to 30min interval between drug

administration and surgery (30). Interestingly, guidelines given

to Danish farmers, and based on recommendations from the

manufacturers of Procamidor R© Vet., recommend an interval of

5 to 10min. This timing is in line with our results, showing the

best efficacy after 5 to 10min compared to the other intervals

examined. This gap between the interval commonly used in

the literature and the interval recommended in practice could

be explained by potential discrepancies between pre-existing

knowledge on the low diffusing ability and onset of action of

procaine (26), and the formula and characteristics of specific

procaine-based products available commercially. Considering

the relatively low rate of diffusion of procaine (24), it cannot

be excluded that an interval inferior to 5min does not result

in sufficient neuronal blocking. In addition, a study using

lidocaine injected intra-testicularly showed a 90% reduction in

concentration of the product in the testes between 3 and 40min

post-injection, with a very low concentration in the spermatic

cord at 40min, suggesting that a relatively long interval between

injection and castration would reduce the anesthetic efficacy

(41). Even with a potential lower rate of diffusion, a similar effect

may be seen for procaine as of 30min post-injection. An interval

of 5 to 10min between the administration of procaine and

surgical castration therefore seems preferable as compared to 2.5

or 30min. In practice, this interval also presents the advantage of

reducing the overall duration of handling, as compared to the 20

or 30min used the literature, limiting the time spent away from

the sow and home pen, and resulting stress and heat loss.

Overall, our results showed that injection of procaine as

a local anesthetic allows some mitigation of piglets’ acute

responses to castration, but leads to significant responses during

the injection of the anesthetic. Piglets in the present study did

not receive any analgesic [as is mandatory in Denmark (19)]

until after data collection was over, as our aim was to assess

the efficacy of the local anesthetic, and because the comparison
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of the different intervals would have been confounded by the

use of an analgesic given at a specific time before castration. In

practice, however, analgesics are administered only few minutes

before castration or at the same time, and are therefore likely

only efficient inmitigating post-castration pain and not the acute

response to castration, as examined in the current study (42).

In the future, the use of local anesthetics prior to piglet

castration in Europe may be further improved by the approval

of other local anesthetics than procaine, such as lidocaine,

which may have an increased efficacy at castration compared to

procaine (23). Yet, in both cases, the procedure requires needle

injection and extra handling, which, in our study, resulted in

clear stress responses, even in piglets not exposed to any tissue

damage but kept in a castration bench.

In conclusion, while our study provided further insights

into the administration of a procaine-based local anesthetic

prior to piglet castration, and has provided results allowing a

refinement of the procedure, we cannot oversee that castration

with local anesthesia remains a welfare concern. This concern

has been raised previously [e.g., (11, 12, 27)], and is in line

with the ‘European Declaration on alternatives to surgical

castration in pigs’, a document produced after consultation

of various stakeholders, judging castration with anesthesia as

an unsuitable alternative (16). Thus, further research into the

practical application of alternatives to surgical castration or

alternatives to the use of local anesthesia is still recommended.
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Piglets’ acute responses to
procaine-based local anesthetic
injection and surgical castration:
E�ects of two volumes of
anesthetic

Mathilde Coutant1*, Jens Malmkvist1, Marianne Kaiser1,

Leslie Foldager1,2 and Mette S. Herskin1

1Department of Animal Science, Aarhus University, Tjele, Denmark, 2Bioinformatics Research

Centre, Aarhus University, Aarhus, Denmark

Surgical castration of piglets is painful, but practiced routinely in commercial

pig production. Procaine-based local anesthetics are used to mitigate piglet

pain during castration in some countries. Yet, e�ects of the volume of

anesthetic injected remain under-studied. The volume of drug administered

maymodulate the painmitigating e�ect via variation in intra-testicular pressure

at injection, potentially leading to pain or discomfort, as well as variation in

the dose of active ingredient administered. The present study investigated the

e�ects of injection with two volumes of a procaine-based local anesthetic, 0.3

vs. 0.5mL per testis, on acute responses of 3–4 day old piglets. A total of 290

piglets were divided into 5 treatment groups: castration without anesthesia,

castration after intra-testicular injection of 0.5 or 0.3mL of drug per testis, and

sham handling with one or two stays in a castration bench. Acute responses

to drug injection, castration and sham handling were evaluated based on

quantification of intra-procedural vocalizations and foreleg movements, as

well as saliva cortisol concentrations before and after castration. Regardless

of the volume, injection of anesthetic as well as castration led to significantly

stronger responses than sham handling. Responses to the two drug volumes

did not di�er significantly, and responses to castration following injection of

0.3mL did not di�er from piglets castrated without anesthesia. All treatments,

including sham handling, led to a significant increase in saliva cortisol, and

no di�erence was found between anesthesia treatments and sham handling.

Overall, the results suggested that injection of 0.5mL led to better pain

mitigation at castration compared to injection of 0.3mL, but even when the

local anestheticwas used, the combined procedures of injection and castration

led to intra-procedural signs of pain and stress.

KEYWORDS

local anesthesia, castration, pig, pain, acute responses
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Introduction

Surgical castration of piglets is performed routinely in

commercial pig production in many countries. The removal of

testes in newborn male piglets aims to prevent the development

of boar taint, and reduce the prevalence of agonistic behaviors

later in life (1, 2). Many studies have examined the procedure in

terms of animal welfare. Without any pain mitigation, surgical

castration leads to an increase in high frequency vocalizations

during the procedure (3, 4), plasma cortisol concentrations

in response to the procedure (5–8), and in-pen behavioral

alterations up to days after the procedure (6, 9, 10) compared
to sham handling. In order to address these welfare concerns,
surgical castration of piglets is now commonly preceded by

injections of local anesthetics. This pain mitigating strategy
has been shown to reduce intra-procedural high frequency

vocalizations (4, 11, 12), foreleg movements (11, 13–15), and

to decrease the plasma cortisol response following castration

(12, 16).

However, studies have shown that local anesthetics may
mitigate, but not eliminate, the acute responses to castration,

leaving doubts regarding the usefulness of the procedure

(11). This has especially been questioned for procaine-based

drugs, as these have a lower efficacy than drugs with e.g.

lidocaine as active ingredient (17). Secondly, the use of

needle-based injections and the required associated handling

remain a concern, especially considering the limited knowledge

of piglets’ acute responses to injections (17, 18). Several

aspects of this procedure, including method of injection,

volume of drug injected, or time interval from injection

to castration, have received limited scientific attention. It

is also worth noting that, although herdsmen are allowed

to perform the procedure in several countries including

Denmark, only one study examined the response of piglets

castrated following local anesthesia as performed in practice by

herdsmen as opposed to experienced veterinarians or trained

technicians (13).

We previously documented piglets’ acute responses to

differentmethods of injection of a procaine-based anesthetic and

time intervals between injection and castration (19). This large

study reported that piglets’ responses to intra-testicular injection

did not differ from a more complicated intra-funicular injection

method, neither at injection nor at castration. Additionally, 5

to 10min between injection and castration appeared superior

among the tested intervals, using 0.5mL of local anesthetic

(equivalent to 10 mg procaine hydrochloride) per testis, in 3–

4 day old piglets. However, one major finding was that the

injection of local anesthetic in itself, regardless of the method,

induced intra-procedural responses in piglets indicative of pain.

Piglets’ acute responses to injection may be a consequence

of penetration of the skin and testicular capsule by the needle,

as well as increased intra-testicular pressure resulting from the

injected liquid (20). Consequently, we hypothesized that a lower

volume of anesthetic would lead to less acute responses in piglets

during an intra-testicular injection. With no evidence that a

higher dosage of procaine, corresponding to a higher volume of

anesthetic injected, leads to an increased pain mitigating effect

at castration (17, 21), it was further hypothesized that a lower

volume would not compromise the pain mitigating effect at

castration, though supporting data are scarce. It could also be

argued that, if a lower dose was just as effective, this solution

would present the benefits of being more cost-effective and

reducing the risk of potential side-effects in piglets.

Based on the studies on piglet castration mentioned

previously, it was hypothesized that a stronger acute response

to the procedures, associated with pain, would result in a higher

count of foreleg movements, a higher concentration of saliva

cortisol, and a higher count of vocalizations, characterized by

a stronger energy level and a higher distortion of the sound.

In the absence of a gold standard to record pain in piglets,

additional vocal indicators related to the duration of the calls

were also measured.

Thus, this study investigated the impact of two volumes of

a procaine-based local anesthetic injected intra-testicularly, 0.5

and 0.3mL per testis, on piglets’ acute responses as measured by

vocalizations and counting of foreleg movements, both during

injection and surgical castration, and by sampling of saliva for

determination of cortisol 17min after castration. The study

was carried out as a field trial aiming to resemble commercial

practice, and included control piglets castrated without any

anesthesia, as well as piglets sham handled once or twice, to

address the effects of handling itself.

Materials and methods

Animals

The experiment was carried out between June and

September 2021 in a Danish conventional sow herd producing

Landrace & Yorkshire x Duroc crossbred piglets. In the days

after farrowing, sows were crated in farrowing pens measuring

3.1× 2.8 m.

All experimental piglets were clinically healthy, free of overt

anatomical malformations, weighed 0.96–2.47 kg and were 3–

4 day old on the day of experimentation (with day 0 defined

as the day of birth of the last piglet in a litter). Five male

piglets were selected per litter, and randomly assigned to

one of five treatments (Table 1), allowing all treatments to be

present in each experimental litter. Piglets weighing less than

0.9 kg or more than 2.5 kg on the day of testing were not

included in the study, to reduce the risk of improper fit in the

castration bench. The piglets were administered a suspension

of 45mg toltrazuril and 200mg gleptoferron (Forceris, 1.5mL,

Ceva Animal Health A/S, Libourne, France) on day 1 after

farrowing, and were not ear tagged, tail docked, or teeth
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TABLE 1 Description of the five treatment groups involved in the

study.

Treatment groups

V05 V03 CC SH0 SH5

Time interval

(min)

5 5 - - 5

Stays in the

bench

2 2 1 1 2

Volume

injected (mL)

0.5 0.3 - - -

Weight (kg) 1.71± 0.22 1.73± 0.30 1.68± 0.30 1.67± 0.29 1.66± 0.29

Duration of

injection/ 1st

sham handling

(s)

37± 6 35± 12 - - 36± 3

Duration of

castration/ 2nd

sham handling

(s)

35± 5 38± 6 43± 10 37± 4 36± 3

V05, castration 5min after intra-testicular administration of 0.5mL of drug per testis (n

= 58); V03, castration 5min after intra-testicular administration of 0.3mL of drug per

testis (n = 58); CC, castration without local anesthesia (control-castrated, n = 58); SH0,

sham handling with one stay in the bench (n = 58); SH5, sham handling with two stays

in the bench (n= 58). Weight and procedure duration are displayed as mean± standard

deviation (SD).

clipped before castration. After completion of the data collection

and within 24 h after castration, piglets were administered an

NSAID (NonSteroidal Anti-Inflammatory Drug) as analgesic by

intramuscular injection of 1.5mgmeloxicam (Melovem, 0.3mL,

Dopharma, The Netherlands).

Study design

On the day of castration, experimental piglets were

weighed. Saliva samples were taken approximately 40min

before bringing the piglets to the testing area, a calm room

outside of the farrowing room. All experimental piglets of

a litter, plus one randomly selected littermate, were placed

together in a plastic box (71.5 × 53.0 × 39.5 cm) layered

with straw, underneath a heat lamp (averaging 20◦C). Piglets

were injected with local anesthetic, castrated or sham handled

one by one. In-between procedures, piglets were returned

to the heated box with their littermates. Immediately after

castration or last sham handling, piglets were individually

subjected to a 3min social motivation test not reported in

the present paper, and brought back to the sow in the

farrowing pen. On average 17min after castration or last

sham handling, a second saliva sample was taken in the

farrowing unit.

Sample size calculations

Power calculations were carried out for cortisol via

simulations using a bivariate log-normal distribution in a mixed

effects model setup, which was based on results from a pre-

study (19). With a power of 80% at a significance level of 5%, a

study of 5 piglets from each of 50 litters distributed randomly on

5 treatment groups, the following effects should be detectable:

1) 34% higher log(cortisol) concentration after injection with

V03 compared to V05, and 2) 35–40% lower log(cortisol)

concentration level after SH0 compared to SH5. In addition,

differences between piglets being anesthetized prior to castration

(V05, V03) compared to piglets castrated without anesthesia

(CC) could always be detected, for all simulated scenarios.

Treatments

A total of 290 piglets were assigned to one of five treatments

(Table 1): Castration without local anesthesia involving a single

stay in the bench (control-castrated; CC), intra-testicular

injection of 0.5mL of local anesthetic per testis and subsequent

castration after 5min (V05), intra-testicular injection of 0.3mL

of local anesthetic per testis and subsequent castration after

5min (V03), sham handling with no tissue damage inflicted

with one stay (SH0) or two stays in the bench at a 5min

interval (SH5).

Procedures

All surgical and injection procedures were performed by

the same experimenter, an experienced farm staff from Aarhus

University, trained in accordance with standards from the

Danish Veterinary and Food Administration [DVFA; (22)]. For

anesthesia, 10mg (V05) or 6mg (V03) procaine hydrochloride

(Procamidor R© Vet., 0.5mL or 0.3mL, Richter Pharma AG,

Wels, Austria) were injected in each testis. The product

was administered using a 26G needle (0.45mm × 12mm,

Sterican R© Insulin needle, B Braun Medical SA, Barcelona,

Spain) supplemented with a custom-made 5mm plastic stopper,

and fixed on an automatic syringe (Prima Tech R©; 0.5mL in

0.1mL increments). Needles were changed between each piglet.

During all procedures, piglets were fixated while lying on their

back in a commercially available castration bench (Unitron

A/S, Kolding, Denmark). For the experimental purpose, the

bench was modified to enable larger amplitudes of front leg

movements, and more natural opening of the mouth during

vocalizing. To further ensure a proper fit in the bench,

considering the variation in piglets’ body size, a soft material

(5-mm yoga matt; Supplementary Figure 1) could be placed in

the bench.

During injection with the local anesthetic, piglets were

fixated in dorsal recumbency position in the castration bench,

and testes were fixed carefully in the distal end of the scrotum.

The right testis was fixed caudally between the thumb and index
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finger of the experimenter, applying a steady but low pressure

during the fixation. The needle was inserted in the center of the

right testis, in a dorsal direction at an angle of 90 degrees from

a caudocranial view. A custom-made 5mm plastic stopper was

placed on each needle to ensure a standardized needle length of

7mm. The anesthetic was injected slowly into the testis while

gradually loosening the grip around the testis. The procedure

was then repeated on the left testis. At castration, after fixation in

the castration bench, a disposable scalpel (Scalpel no. 24, carbon

steel sterile blade, Swann-Morton, Sheffield, England) was used

to perform an incision (approximately 1 cm) through the scrotal

skin and spermatic fasciae. The right testis was then gently

pressed between the index and the thumb of the experimenter

until fully outside of the scrotum. The testis was then carefully

lifted vertically, and the spermatic cord cut a few millimeters

below the testis using the scalpel. The incision was repeated on

the left testis. A new scalpel was used for each piglet. Piglets sham

handled were fixated in the castration bench for a duration of

approximately 25 s (corresponding to the average duration of

the procedures of local anesthesia and castration as assessed in

a pilot study), during which they did not experience any tissue

damage nor physical stimulation of the groin area. The specific

time of day and duration (to the nearest second) was recorded

for each procedure to the individual piglet.

Ethical and other permits

The study was performed in compliance with the EU

Directive 2010/63/EU for animal experiments, the Ministry of

Food, Agriculture and Fisheries, and The Danish Veterinary

and Food Administration under act 474 of 15. May 2014

and executive order 2028 of 14. December 2020. The study

was approved as clinical trial by the Danish Medical Agency

(reference numbers 021043561). All procedures were ethically

evaluated and approved by the Danish Animal Experiments

Inspectorate (approval numbers 2021-15-0201-00906).

Data collection

Vocalizations

The intra-procedural vocal responses of the piglets

were recorded during each procedure, using a microphone

(Sennheiser E614, Sennheiser, Wennebostel, Germany) fixed

30 cm ahead of the piglet’s snout, at the level of the head of

the piglet. The microphone was connected to an amplifier

(Audiobox USB R© 96, PreSonus, Louisiana, USA) connected

to a computer, from which recordings were manually started

and stopped upon piglets’ placement and removal from

the castration bench. All vocal files were analyzed using

Raven Pro 1.6 bioacoustics analysis software (Cornell Lab of

Ornithology, Ithaca, New York, USA). An automatic detection

TABLE 2 Description of the vocal parameters analyzed for each piglet

during injection of local anesthetic, castration, or sham handling while

in the castration bench.

Parameter

(unit)

Description

Call proportion Proportion of time spent vocalizing during the procedure,

calculated as sum of call durations /procedure duration

Call per second

(s−1)

Number of calls per s of the procedure.

Mean call

duration (s)

Average duration of a call during the procedure, calculated

as sum of call durations / number of calls.

Mean energy (dB) Average energy, calculated as an average of the energy of

each call during the procedure.

Max energy (dB) Maximum value of energy recorded for all calls during the

procedure.

Max power (dB) Maximum power recorded for all calls during the procedure,

relative to the specific recording set-up.

Aggregated

entropy (kilobits)

Aggregated disorder for the procedure obtained by analyzing

the energy distribution within each call. Higher entropy

values correspond to greater disorder in the sound whereas a

pure tone would have zero entropy (23).

Max entropy

(kilobits)

Highest value of disorder recorded for all calls during the

procedure.

and characterization of all piglet calls was developed using

the band limited energy detector function in the Raven Pro

software. This function allowed each intra-procedural call to

be automatically detected based on a pre-set of parameters,

and characterized in terms of number, duration, energy, and

entropy. After running the automatic call detection, each

procedural recording was manually checked to ensure that every

call was properly selected, and to de-select surrounded noise

or experimenters’ voices wrongfully detected as a call. For all

piglets, vocal characteristics of each procedure were then defined

(Table 2) and analyzed. These procedures were performed by

one person (MC), blinded to the experimental treatments.

Foreleg movements

Four distinct types of front leg movements were recorded

during each procedure for each experimental piglet using a

camera (GoPro HERO7 Black, GoPro, San Mateo, California,

USA; 60 frames per sec, FPS) placed on a stand 30 cm to

the right side of the castration bench, approximately 50 cm

above the bench. Before this study, no validated, standardized

method to quantify resistance existed. Initially, randomly

chosen video clips were observed at low speed (5 FPS)

to detect recurrent, identifiable movements. Four types of

movements were selected and described: flexion, extension, kick,

and blow (Table 3, Supplementary Figure 2). Two observers,
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TABLE 3 Description of the foreleg movements recorded during

injection of local anesthetic, castration, or sham handling while in the

castration bench.

Category Description

Flexion Piglet vertically bends his front leg, provoking a flexion of

the elbow of at least 90 degrees.

Extension Piglet fully extends his front leg while lowering its head in

the bench. May be accompanied by trembling of the leg

and/or by a subtle lift of the piglet’s back.

Kick Piglet’s front leg performs a sudden upwards movement,

changing from a flexion to a tense upwards position.

Blow Piglet suddenly draws back his front leg forwards or

backwards for at least half a bench length, from a normal

upright position to an extended position, with little or no

flexion of the elbow.

Leg blocked Piglet’s front leg is blocked in the bench cone, preventing

movement.

Each leg was scored separately.

blinded to the experimental treatments, were trained to

recognize and count these behaviors, and practiced recording

on approximately 100 random video clips, using the Behavioral

Observation Research Interactive Software [BORIS; (24)]. Each

video sequence was then analyzed, and the occurrence of

each type of behavior was counted for each front leg in the

interval between closing and opening of the castration bench.

Movements that were too sudden to be categorized despite

the low speed of video analysis were not counted. Reversely,

movements performed relatively slow (duration > 1 s) were not

considered as resistance and therefore not recorded. In addition,

duration of blocking in the bench, corresponding to a leg being

mechanically unable to move due to physical blocking, were

also recorded.

Saliva cortisol concentrations

For baseline, one saliva sample per piglet was collected

approximately 40 (± 12, SD) min before the first procedure.

For changes in saliva cortisol in response to the treatments,

another sample was collected approximately 17 (± 1) min

after castration. No standardized method currently exists to

sample saliva in piglets as young as 3 day old. In this study,

inspired by recent work in dogs (25), a cotton swab (Salivette R©,

Sarstedt, Aktiengesellschaft & Co., Numbrecht, Germany) was

cut in pieces (∼2.0 × 0.5 cm), soaked in concentrated apple

juice (nectar from concentrated juice, min 60%, Rynkeby Foods

A/S, Ringe, Denmark) for 1 h, and dried in an electric oven

at 60 ◦C for 5 h. A pilot study revealed an increase in saliva

production with this method compared to the use of a non

pre-soaked piece of cotton. Similar results were obtained with

soaking the cotton pieces in citric acid (fresh lemon juice), but

after this method, saliva sampling seemed more aversive for

the piglets, and the method was therefore abandoned. During

sampling, the cotton swab was fixed at the end of a straight

pean clamp, and gently introduced into the piglet’s mouth,

while the piglet was held in the experimenter’s arms. The

cotton was lightly rotated in the piglet’s mouth for 30 to 45 s,

with insistence around the salivary glands. This procedure was

performed by one of four trained experimenters blinded to

the experimental treatments. The samples were then placed

in an experimental tube (provided as part of the Salivette R©),

labeled, and stored at −18 ◦C until cortisol concentration

determination at our departmental laboratory. Samples were

defrosted and centrifuged for 6min at 1,000× g. Concentrations

of cortisol were determined using a direct enzyme immunoassay

without extraction and previously validated for saliva (Arbor

Assays, Cat. K003-H1W, Michigan, USA). In this method,

the antiserum cross-reacts with cortisol and some cortisol

metabolites, and values have to be interpreted as cortisol

immunoreactivity. The intra-assay coefficient of variation was

3.7 and 5.6%, respectively for low and high control and the

inter-assay variation was 7.2 and 9.8% for low and high

control, respectively. The minimal detectable concentration

was 45 pg/mL. The procedure outlined by the manufacturer

was followed.

Data handling

Two piglets were removed from the analysis as they appeared

sick during testing. Both piglets showed an amelioration of their

health status in the hours following the procedures. In addition,

four piglets were excluded from the foreleg movement analysis

due to technical issues with the video recording (3 for injection

and 1 for castration). Malfunctioning and technical issues of

the set-up recording vocalizations resulted in 61 missing files

for injection of the local anesthetic/first sham handling, and 76

missing files for castration/second sham handling, leaving valid

vocalization data from 166 piglets for local anesthesia/first sham

handling and 209 piglets for castration/second sham handling

(see Supplementary Figure 3).

Statistical analysis

Vocalizations and foreleg movements were analyzed

separately for injection and castration, but an additional

analysis investigated the cumulative (i.e. summed over

procedures) responses to injection plus castration. During the

injection of the local anesthetic, number of stay in the bench had

not yet any bearing, and thus three treatments were relevant:

injection of 0.5mL (V05) or 0.3mL of drug (V03), and sham

handling (SH; pooling SH0 and the first stay in the bench

of SH5).
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Vocalization parameters (Table 2) were log transformed if

necessary (to obtain normality) and analyzed in linear mixed

effects models with treatment (during injection: V05, V03,

SH; during castration: V05, V03, CC, SH0, SH5) as the main

explanatory variable, weight (range: 0.96–2.47 kg), age (3 or

4 days), hour of day when starting the procedure (decimal

hour, range: 7.21–15.47) and duration of the procedure (range:

20–76 s) as covariates, and litter as a random effect. Rate

of vocalizations, and other variables where duration of the

procedure was an integrated part of the calculated response,

were analyzed by similar models, but without duration of the

procedure as covariate.

The count of each type of foreleg movements (Table 3) were

summed to a total count of foreleg movements per piglet during

each procedure. Total duration of observation was defined as the

sum of observation time per leg, subtracting the duration of left

leg and right leg occasionally being blocked in the bench. The

sum of piglets’ foreleg movements was analyzed by a negative

binomial mixed effects model including treatment as main

explanatory variable, weight, age and hour of day as covariates,

logarithm of total observation duration (range: 1–205 s) as offset,

and litter as a random effect.

Cortisol responses were log transformed and analyzed in a

mixed model with the treatment as main explanatory variable,

weight, age, hour of sampling (decimal hour, range: 6.85–15.72),

and baseline cortisol concentration (range: 2,739–60,570 pg/mL)

as covariates, and litter as random effect.

For all indicators, the initial models were reduced by

stepwise removal of variables at P>0.10, however, keeping fixed

effects of main interest (i.e. treatment group) in the model.

In linear mixed effects models, Satterthwaite’s approximation

of the denominator degrees of freedom were used. Deviations

from assumption of normality and variance homogeneity

were monitored visually by plotting residuals at each step.

Covariates with significant effects were maintained in the final

models, but effects not reported, at the exception of weight.

In case of the final model showing significant treatment effects

(P ≤ 0.05), pairwise comparisons between treatments were

performed with p-values adjusted for multiple comparisons

using the Tukey-Kramer method (indicated by Padj). All

calculations were performed using SAS 9.4 (SAS Institute Inc,

Cary, North Carolina, USA). All data used in the statistical

analysis are available in the dataset in Supplementary material.

Descriptive measures are presented as averages ± standard

error (SE).

Results

Vocalizations

In each section, results include descriptions of the effects

recorded for each specific vocal indicator, and additionally, to

ease understanding despite the large amount of data presented,

a general picture of the patterns observed across indicators.

During injection of the local anesthetic

During injection of the local anesthetic, the treatments led

to significantly different vocal responses. A significant treatment

effect was observed in call proportion, mean energy, max

energy, and aggregated entropy, with no difference between

V05 and V03, and lower values recorded in SH (Table 4). In

addition, call per second and max power were significantly

different among treatments, with no difference between V05

and V03, but V05 differed from SH, while V03 did not. Mean

call duration also differed among treatments, but, reversely to

the preceding parameters, V03 differed from SH, while V05

did not. Max entropy was overall significantly impacted by

the treatments, but none of the pairwise comparisons were

significant after adjustment for multiple testing. In addition,

piglet weight affected, or tended to affect, call proportion (F1,130
= 3.1, P = 0.082), mean call duration (F1,149 = 3.0, P =

0.083), and mean energy (F1,141 = 7.2, P= 0.008), with stronger

responses observed in heavier piglets. Reversely, a lower max

power response (F1,125 = 4.7, P = 0.031) was observed in

heavier piglets.

Overall, the two volumes of local anesthetics did not lead to

a significantly different response during the injection procedure,

but the lowest volume, 0.3mL per testis, resulted in vocal

responses that did not differ significantly from those of sham

handled piglets in terms of call per second andmaximum power,

while 0.5mL did not differ from sham handled piglets in terms

of mean call duration.

During castration

At castration, all indicators showed significant differences

among treatments (Table 5). Only one indicator, call proportion,

was significantly different between V05 and V03, with a greater

proportion of calls recorded in piglets administered the lowest

volume and thus dosage, V03. In addition, for this indicator,

V03 did not differ significantly from CC. In 3 out 8 indicators,

V05 showed values significantly lower than CC, while V03 did

not (i.e. max energy and tendency for mean energy and max

power). In half of the indicators, V03, V05 and CC did not differ

significantly in their response (cf. Table 5), and, for aggregated

entropy and call per second, these three treatments led to greater

responses than SH0 and SH5. V05 led to vocal characteristics

that did not differ significantly from those of SH0 and SH5 in 6

out of 8 indicators, while V03 did not differ significantly from

the controls that were sham handled in 2 out of 8 indicators. CC

did not differ significantly from SH0 and SH5 for 2 indicators,

mean call duration and max entropy. Max power was impacted

by piglet weight, with values decreasing with increasing weight

(F1,145 = 8.1, P = 0.005).
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TABLE 4 Averages (± SE) of vocal parameters recorded during injection of the local anesthetic.

V05 V03 SH F test P

Call proportion 0.58 ± 0.03a 0.66 ± 0.03a 0.43 ± 0.03b F2,126 = 15.1 <0.001

Call per second (s−1) 0.82 ± 0.04a 0.75 ± 0.04ab 0.66 ± 0.03b F2,163 = 5.9 0.003

Mean call duration (s) 0.76 ± 0.05ab 0.98 ± 0.08a 0.62 ± 0.04b F2,125 = 10.9 <0.001

Mean energy (dB) 87.26 ± 14.98a 110.88 ± 15.4a 43.08 ± 10.77b F2,124 = 7.2 0.001

Max energy (dB) 306.66 ± 15.19a 281.52 ± 16.9a 223.89 ± 14.0b F2,122 = 6.8 0.002

Max power (dB) −15.68 ± 1.13a −18.38 ± 1.46ab −21.61 ± 1.14b F2,126 = 4.7 0.011

Agg entropy (kilobits) 120.26 ± 4.47a 103.01 ± 5.01a 89.66 ± 4.45b F2,162 = 11.2 <0.001

Max entropy (kilobits) 5.78 ± 0.02 5.79 ± 0.03 5.71 ± 0.02 F2,126 = 3.7 0.027

abDifferent letters within a row indicate significant difference between treatments, Padj ≤0.05; V05, intra-testicular administration of 0.5mL of drug per testis (n= 41); V03, intra-testicular

administration of 0.3mL of drug per testis (n= 42); SH, sham handling (n= 83).

TABLE 5 Averages (± SE) of vocal parameters recorded during castration.

V05 V03 CC SH0 SH5 F test P

Call proportion 0.51 ± 0.03b 0.64 ± 0.03a 0.66 ± 0.02a 0.43 ± 0.04b 0.44 ± 0.04b F4,165 = 11.4 <0.001

Call per second (s−1) 0.86 ± 0.05a 0.87 ± 0.04a 0.89 ± 0.03a 0.67 ± 0.04b 0.65 ± 0.03b F4,164 = 9.8 <0.001

Mean call duration (s) 0.64 ± 0.04ab 0.82 ± 0.06a 0.79 ± 0.05a 0.61 ± 0.05b 0.70 ± 0.08ab F4,164 = 4.4 0.002

Mean energy (dB) 42.15 ± 12.91b 78.93 ± 12.00b 124.61 ± 13.40a 43.08 ± 14.83b 30.76 ± 14.13b F4,163 = 8.9 <0.001

Max energy (dB) 243.56 ± 17.55bc 287.69 ± 14.65ab 335.18 ± 9.52a 220.37 ± 21.18bc 218.08 ± 19.68c F4,165 = 9.7 <0.001

Max power (dB) −20.78 ± 1.47b −17.53 ± 1.18b −13.82 ± 0.86a −21.90 ± 1.71b −22.75 ± 1.68b F4,65 = 6.7 <0.001

Agg entropy (kilobits) 115.12 ± 6.74a 125.08 ± 6.07a 151.79 ± 6.44a 89.26 ± 5.52b 89.17 ± 5.40b F4,167 = 14.4 <0.001

Max entropy (kilobits) 5.74 ± 0.02ab 5.82 ± 0.02a 5.77 ± 0.02ab 5.70 ± 0.03b 5.71 ± 0.04b F4,166 = 3.2 0.014

abcDifferent letters within a row indicate significant differences between treatments, Padj ≤0.05; V05, castration 5min after intra-testicular administration of 0.5mL of drug per testis (n=

41); V03, castration 5min after intra-testicular administration of 0.3mL of drug per testis (n= 42); CC, castration without local anesthesia (control-castrated, n= 43); SH0, sham handling

with one stay in the bench (n= 42); SH5, sham handling with two stays in the bench (n= 41).

Overall, piglets administered 0.3mL of local anesthetic per

testis showed a vocal response at castration comparable or

greater than the one of piglets administered 0.5mL. Castration

after injections of 0.3mL of local anesthetic resulted in vocal

characteristics that often did not differ significantly from those

of piglets castrated without anesthesia, while castration after

injections of 0.5mL led to values that often did not differ

significantly from sham handled piglets. In general, vocal

responses of castrated piglets were significantly higher than

those of sham handled piglets.

During injection and castration combined

Analysis of cumulative counts, duration, and aggregated

entropy of vocalizations (i.e. summed response per piglet

during injection plus castration) showed significant

differences among treatments (Table 6, Figure 1). For

all three cumulative parameters, the two volumes (V05,

V03) did not differ significantly, but the injection and

the subsequent castration generated a total output of

vocal responses significantly larger than the other three

treatments, including castration without anesthesia. The

total number of calls in sham handled piglets with two

stays in the bench (SH5) outnumbered CC piglets (staying

once in the bench). Sham handling with a single stay in

the bench consistently led to the lowest vocal responses

(Table 6).

Foreleg movements

During injection of the local anesthetic

Piglets’ leg response during the administration of the local

anesthetic differed significantly among treatments (Table 7),

with a higher number of foreleg movements per time unit

recorded in piglets injected with the anesthetic, regardless of the

volume, compared to sham handled piglets. The level of foreleg

movements observed in piglets injected with 0.5 or 0.3mL per

testis did not differ significantly.

During castration

At castration, the occurrence of foreleg movements differed

significantly among treatments (Table 7). Sham handling
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TABLE 6 Averages (± SE) of vocal parameters recorded during combined injection of local anesthetic and castration.

V05 V03 CC SH0 SH5 F test P

Call count 60.98± 2.68a 58.17± 2.57a 36.74± 1.52c 24.39± 1.40d 46.90± 2.53b F4,165 = 47.8 <0.001

Total call duration (s) 40.10± 2.21a 46.84± 2.26a 27.25± 1.25b 15.61± 1.44c 31.55± 2.98b F4,165 = 36.7 <0.001

Agg entropy (kilobits) 235.38± 9.72a 228.09± 9.04a 151.18± 6.44b 89.26± 5.52c 179.22± 10.82b F4,165 = 50.2 <0.001

abcDifferent letter within a row indicate significant differences between treatments, Padj ≤0.05; V05, castration 5min after intra-testicular administration of 0.5mL of drug per testis (n =

41); V03, castration 5min after intra-testicular administration of 0.3mL of drug per testis (n= 42); CC, castration without local anesthesia (control-castrated, n= 43); SH0, sham handling

with one stay in the bench (n= 42); SH05, sham handling with two stays in the bench (n= 41).

FIGURE 1

Combined call count, call duration and aggregated entropy parameters recorded during injection of local anesthetic and castration. Di�erent

letters indicate significant di�erences between treatments, Padj ≤ 0.05; Error bars indicate standard errors of the cumulative averages. V05,

intra-testicular injection of 0.5mL of anesthetic per testis (n = 41); V03, intra-testicular injection of 0.3mL of anesthetic per testis (n = 42); CC

(control-castrated), castration without anesthesia (n = 43); SH0, sham handling with one stay in the bench (n = 42); SH5, sham handling with

two stays in the bench (n = 41).

treatments led to a significantly fewer movements than

castration treatments, with no significant difference between

castration after local anesthesia and castration without local

anesthesia. The number of foreleg movements did not differ

whether sham handled piglets stayed once or twice in the bench.

During castration, piglets previously injected with 0.3mL of

anesthetic per testis showed over 30% more foreleg movements

on average than piglets injected with 0.5mL per testis.

However, this difference did not reach statistical significance

(Table 7).
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TABLE 7 Averages (± SE) of foreleg movements recorded during injection of local anesthetic and during castration.

V05 V03 CC SH0 SH5 χ
2 test P

Anesthesia 20.47± 1.82a (n= 55) 19.50± 2.15a (n= 56) - 10.23± 1.05b (n= 115) χ2
2 = 24.0 <0.001

Castration 24.09± 2.45a (n= 55) 32.71± 2.44a (n= 56) 39.66± 2.53a (n= 58) 11.45± 1.54b (n= 58) 11.12± 1.37b (n= 57) χ2
4 = 113.7 <0.001

Anesthesia+ Castration 44.56± 3.64a (n= 55) 51.30± 3.86a (n= 56) 39.66± 2.53a (n= 58) 11.45± 1.54c (n= 58) 20.15± 2.17b (n= 57) χ2
4 = 117.4 <0.001

abcDifferent letters within a row indicate significant differences between treatments, Padj≤0.05.; V05, castration 5min after intra-testicular administration of 0.5mL of drug per testis;

V03, castration 5min after intra-testicular administration of 0.3mL of drug per testis; CC, castration without local anesthesia (control-castrated); SH0, sham handling with one stay in the

bench; SH5, sham handling with two stays in the bench.

FIGURE 2

Combined number of foreleg movements recorded during

injection of local anesthetic and castration. Di�erent letters

indicate significant di�erences between treatments, Padj ≤ 0.05.

Error bars indicate standard errors of the cumulative averages.

V05, intra-testicular injection of 0.5mL of anesthetic per testis (n

= 55); V03, intra-testicular injection of 0.3mL of anesthetic per

testis (n = 56); CC (control-castrated), castration without

anesthesia (n = 58); SH0, sham handling with one stay in the

bench (n = 58); SH5, sham handling with two stays in the bench

(n = 57).

During injection and castration combined

Analysis of cumulated number of foreleg movements

summed for injection plus castration showed significant

differences among treatments (Table 7, Figure 2). Treatments

involving castration did not differ significantly from each

other, although piglets injected with 0.5mL and 0.3mL of

anesthetic per testis showed, on average, 12% and 26% more

foreleg movements than piglets castrated without anesthesia,

respectively. All castration treatments resulted in significant

higher levels of foreleg movements than sham handling, with

a lower response in sham handled piglets placed once in the

castration bench compared to piglets placed twice in the bench

(Table 7).

Saliva cortisol concentrations

As expected, baseline cortisol concentrations recorded

40min before first procedure did not differ significantly

among treatments (Table 8). An effect of weight was observed

(F1,137 = 5.7, P = 0.018), with higher values of baseline

cortisol recorded in lighter piglets. At 17min post-castration/last

sham handling, cortisol concentrations did not differ among

treatments (Table 8).

Discussion

The present study investigated the effects of injection of two

volumes of the same concentration of a procaine-based local

anesthetic, 0.5 and 0.3mL per testis, on piglets’ acute responses

as measured by their vocalizations and front leg movements

during injection and castration, as well as post-procedural saliva

cortisol concentrations. In contrast to our expectations, the

results showed no significant difference in acute responses to

intra-testicular injections with the two volumes of the drug.

However, at castration, vocal responses of piglets injected with

0.3mL of local anesthetic per testis often did not differ from

responses of piglets castrated without prior local anesthesia,

indicating a poor efficacy to mitigate castration pain.

Overall, the results showed that injection of a procaine-

based local anesthetic may limit acute responses at castration as

measured by vocalization characteristics. This result is in line

with previous findings (15, 17). We also previously reported

reduced acute responses in piglets castrated 5min after intra-

testicular injection of 0.5mL of the same local anesthetic,

compared to piglets castrated without local anesthesia, and, for

both treatments, greater responses than sham handled piglets

were found during injection and castration (19). Although not

reaching significance (after adjustment for multiple testing), a

similar pattern was observed in terms of leg movements in the

present study, with almost 40% less foreleg movements recorded
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TABLE 8 Averages (± SE) saliva cortisol concentrations (pg/mL) sampled at baseline and approx. 17min post-castration/last sham handling.

V05 V03 CC SH0 SH5 F test P

Baseline sample 10,071± 651 (n= 55) 10,784± 682 (n= 57) 10,047± 773 (n= 58) 12,165± 1,387 (n= 58) 10,697± 734 (n= 57) F4,217 = 0.8 0.501

Post- procedural sample 17,982± 1,259 (n= 55) 18,578± 967 (n= 57) 17,092± 1,045 (n= 56) 16,525± 1,014 (n= 58) 18,236± 1,133 (n= 57) F4,217 = 1.7 0.158

V05, castration 5min after intra-testicular administration of 0.5mL of drug per testis; V03, castration 5min after intra-testicular administration of 0.3mL of drug per testis; CC, castration

without local anesthesia (control-castrated); SH0, sham handling with one stay in the bench; SH5, sham handling with two stays in the bench.

in piglets castrated after injection of 0.5mL of drug per testis

compared to piglets castrated without anesthesia. It is worth

noting that the blinding of the observers recording the count

of leg movements was partial, as the nature of the procedure

(castration, injection or sham handling) was visible on the video.

Considering the relative objectivity of our recording method

as compared to for instance a scoring approach, it is unlikely

that this limitation affected the results. However, the general

methodology for this indicator could be further refined by

cropping the rump area off the video prior to analysis, although

this editing could make certain large amplitude movements

harder to detect.

So far, only one study has investigated the effects of the

dosage of procaine and lidocaine on piglets’ responses to

castration as measured by foreleg movements and intensity of

vocalizations, using comparable injection methods. While the

results showed that piglets’ responses were negatively correlated

to the volume of lidocaine administered, the same pattern was

not detected for procaine, with no significant difference reported

among four doses (10mg, 20mg, 30mg or 40mg per piglet)

tested in a relatively small set-up with 32 piglets of 4 to 6 days

of age per treatment group (21). The study did not specify

whether the drug volume differed among dose treatments or

not, so confounding effects cannot be excluded. Another study

compared acute responses to injection of 0.3 or 0.5mL of a

procaine-based drug and subsequent castration in 3 to 7 day

old piglets (17). The results did not show a significant difference

in vocalizations or level of foreleg movements between the

two drug volumes, neither during injection nor castration. It

is worth noting, though, that the design included two different

injection methods for the two volumes (intra-testicular for

0.3mL and intra-funicular for 0.5mL), potentially confounding

the reported effects. Our results are somewhat in line with these

previous findings, with no difference between the two volumes

observed, neither during the injection nor during castration.

However, care should always be taken not to over-interpret

non-significant findings. In the present study, at injection, no

differences were found between the maximum vocalization

energy or calls per second for piglets administered 0.3mL of

the local anesthetic vs. sham handled piglets. This result would

be in line with our hypothesis that administration of a lower

volume of the anesthetic would reduce the acute responses

during injection, potentially explained by a lower intra-testicular

pressure (26). Yet, a corresponding pattern was not recorded

for any other indicator, potentially because of confounding

between the dose of anesthetic and volume of drug injected.

Performing the injection of 0.3mL of local anesthetic was also

faster than injection of 0.5mL (35 s vs. 37 s from placement in

the bench until removal from the bench). Yet, piglets castrated

after administration of 0.3mL of the local anesthetic per testis

did not respond differently from piglets castrated without

prior anesthesia in terms of foreleg movements, maximum

vocal energy or call proportion, indicating that this volume

may not have allowed proper anesthesia of the testes and/or

skin. Although not statistically significant, injection of 0.3mL

also led to a 30% increased occurrence of foreleg movements

during castration compared to injection of 0.5mL. Thus, based

on the present results, the use of 0.5mL of procaine-based

anesthetic per testis might seem preferable compared to the

use of 0.3mL, as suggested by Courboulay et al. (21). However,

this combination of dose/volume (0.5mL) led to signs of piglet

pain at injection, while responses at castration did not differ

significantly from those of non-injected castrated piglets in

terms of call rate, entropy, and foreleg movements. Concerns

regarding the potential of procaine anesthetic injections to fully

mitigate piglet pain therefore remain.

In addition, we note that the current recommendations

to administer up to 0.5mL per testis [guidelines from the

Danish Veterinary and Food Administration, (22)] are given

for piglets up to 7 days of age, regardless of their weight.

Considering the large variation in weight in piglets between 2

and 7 days of age, the actual efficacy of the dose of anesthetic

when administered to larger piglets (older than the 3–4 day

old piglets in our study) may need to be verified. Reversely,

relatively small piglets may be administered a dose potentially

leading to adverse side-effects, as also suggested by Abendschön

et al. (14). In the present study, several piglets of around 1 kg

of weight were administered 1.0mL in total, corresponding

to an actual dose of approximately 17.3mg procaine/kg. In

dogs and horses, intravenous administration of similar doses

of procaine is considered sub-lethal, leading to behavioral,

locomotor and vascular reactions (27). It is, however, unknown

whether these effects are applicable to intra-testicular injections.

In the context of castration, it is often assumed that most of

the drug administered is removed together with the severing of

the testes, and therefore that systemic effects remain limited or
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inexistent. Yet, there is, to our knowledge, a lack of data about

the pharmacokinetics of procaine as administered in the testes,

as well as on the behavioral and/or physiological impact of the

administration of different doses (mg/kg piglet) of procaine in

pigs in the context of castration. This matter will be examined in

an upcoming study of ours. We also note that no experimental

data on dose toxicity, nor general tolerance of procaine in pigs,

appear to exist. Thus, future studies are required to examine

potential systemic effects.

In the present study, evaluation of the effect of the volume

of drug was confounded by dose, reporting the combined

effects of physical pressure applied on the testes resulting

from the volume of liquid injected (26) and anesthetic efficacy

obtained from the dose of anesthetic administered. This design

was chosen to reflect practical options, i.e., without requiring

alterations to the commercially available drug, while still

following recommendations of the DVFA (22). However, further

insights on the effect of local anesthesia may be achieved by

conducting distinct studies of the efficacy of the dose and impact

of the injected volume, for instance using different volumes of

saline injections. Similarly, investigation of the effect of the drug

volume could have included injections of more than 0.5mL

of drug per testis, in order to test potential benefits in terms

of efficacy at castration. However, this practice would not fall

within the recommendations given by the DVFA in terms of

volume of drug injected, and concerns regarding potential dose-

related side-effects would be increased. In addition, with an

average testicular weight not exceeding 0.5 gram in 3–4 day old

piglets (results not presented), a liquid injection of more than

0.5mL may represent a considerable intra-testicular pressure,

potentially damaging the integrity of the tissue, and creating

a counter-productive effect for animal welfare. Yet, these

effects remain speculations. While intra-testicular injection of

0.5mL of a procaine-based local anesthetic was reported not

to cause testicular tissue damage in 4–6 day old piglets (28),

the impact of the volume of drug injected on the integrity

of the testes in piglets as early as 3 day old have not been

experimentally studied.

In the present study, the magnitude of the cortisol

response was comparable between castrated and sham handled

piglets. Thus, this response may reflect an activation of the

hypothalamic–pituitary–adrenal (HPA) axis related to stress

induced by handling rather than the affective component of

pain alone. This suggestion is in line with the on-going debate

regarding the interpretation of cortisol responses in terms of

specific emotional states such as pain, considering that activation

of the HPA axis may occur through handling alone (29, 30).

In relation to foreleg movements, we found no evidence for

either habituation (fewer responses) or sensitization (more

responses) to repeated stays in the bench, indicating potential

accumulative effects. It was thus somehow unexpected that the

cortisol response to sham handling as one placement in the

castration bench did not differ significantly from the response

to two placements in the bench, corresponding to a longer total

handling duration. However, we cannot exclude that the two

manipulations, separated by a five min interval, led to a different

temporal curve of the cortisol response. Although the timing of

cortisol sampling is within the range previously used to record

acute responses to castration in young piglets [e.g., (16, 31)],

our study included only one post-castration saliva sample and

no unhandled group. Therefore the results cannot be used

to identify peak or maximum cortisol response to castration.

Acquiring such knowledge would require repeated sampling

of saliva, representing an additional stressor, or sampling of

blood from catheterized piglets. It is possible that part of the

cortisol response was induced by piglets being kept away from

the sow and the home pen, rather than as a response to the

procedures per se. Yet, the use of the heated area with straw and

littermates for piglets waiting to be exposed to procedures would

be expected to limit these effects. A last possibility could relate

to potential ceiling effects in cortisol concentrations, reaching

a maximum level with a single manipulation alone. Previous

work has considered the relative lack of sensitivity of cortisol

as a limitation for its use as an indicator of stress or pain, as

cortisol concentrations may be limited by adrenal exhaustion

(32, 33). In that perspective, the actual arousal response of piglets

to the procedures may be underestimated if considered solely

based on the cortisol responses. Further studies investigating the

sensitivity of cortisol as an indicator of stress in combination

with pain in neonates are warranted.

In conclusion, and in light of the present results, impacts

of the needle injections and associated handling should be

considered in relation to the use of local anesthetics for

piglet castration. As also reported by Leidig et al. (11),

our study showed that despite reducing piglets’ responses to

castration, the use of local anesthetics led to a prolonged

duration of the procedures, suggested to be the reason for

the increased overall responses in vocalizations and foreleg

movements. In the present analyses, we used simple addition

of the responses toward injection and castration to illustrate

a total response. It is not presently known, though, whether

piglet perception of pain and stress is linear or additive. e.g.,

whether five mild stressors are worse than one severe. This

topic warrants further study. Nevertheless, the present study

showed that injection in itself led to responses indicative

of stress and pain, and suggested that the responses of the

piglets to the two procedures combined were comparable,

if not greater, than when piglets were castrated without

anesthesia. Thus, although the results suggested that injections

with 0.5mL of a procaine-based anesthetic led to stronger

pain mitigation, as compared to injections with 0.3mL, the

overall benefit of the procedure for piglet welfare remains

arguable. In perspective, while other types of local anesthetics

may be considered in the future to improve efficacy, the

required additional handling and painful injections, as well as

the limited knowledge on potential side-effects of anesthetic
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drugs in the context of castration of male piglets, remain

significant concerns.
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Abstract 

In an effort to mitigate piglet acute responses to the procedure, surgical castration is preceded 

by injections of a local anaesthetic in several countries. Regardless of potential benefits at castration, 

the impact of local anaesthetics on piglet welfare following the procedure remains under-documented. 

The present paper is based on data collected in two separate castration studies investigating the impact 

of injection with procaine, using different injection methods, volume of drug injected and timing, on 

behavioural responses of 3 to 4 day old piglets as measured by their social motivation in a test 

immediately after castration (Study 1 and 2), as well as behaviours recorded continuously for 10 min 

upon return to the home-pen (Study 2 only). Study 1 involved 597 piglets, and 13 treatments: surgical 

castration without anaesthesia (CC), local anaesthesia followed by castration involving all 

combinations of two methods of injection (intra-funicular and intra-testicular) and four intervals 

between injection and castration (2.5, 5, 10 and 30 min), and sham handling separated by the same 

four intervals (SH). Study 2 involved 290 piglets and 5 treatments: castration without anaesthesia (CC), 

castration after intra-testicular injections of 0.5 or 0.3 mL of procaine per testis, and sham handling 

with either one (SH1) or two stays in a castration bench (SH2). Across both studies, piglets injected 

with procaine showed a reduced motivation for sibling contact in the social motivation test compared 

to controls castrated without anaesthesia or sham-handled piglets. Piglets’ social motivation did not 

differ from controls in case of castration 30 min after drug injection. In addition, social motivation 

responses were less impacted after injection of 0.3 compared to 0.5 mL of drug per testis. In Study 2, 

piglets injected with 0.5 mL of drug appeared to be less active at the udder, and displayed more huddled 

up postures, immediately upon return to the home-pen, as compared to piglets injected with 0.3 mL of 

drug or the controls castrated without anaesthesia or sham-handled. Altogether, these results suggest 

that injections with a procaine-based local anaesthetic negatively impact the social motivation and 

home-pen behaviour of piglets in the early post-operative period. The present results call for attention 

towards the post-surgical phase, but understanding the potential welfare impacts of these findings 

require further studies. 

Key words: Castration, Anaesthesia, Procaine, Piglet, Behaviour, Motivation   
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1. Introduction 

Surgical castration is a routine practice performed on millions of new-born male piglets every 

year in Europe and in the world. The procedure involves removal of the testes to prevent the 

development of boar taint (Bonneau et al., 1992), and has been performed for decades. Concerns for 

animal welfare, notably following reports of severe acute responses and long-lasting behavioural 

impairments (Hay et al., 2003; Llamas Moya et al., 2008; Marchant-Forde et al., 2009; Marx et al., 

2003), led to the introduction of local anaesthetic administration prior to castration. Following an 

initiative from the industry, in Denmark farmers are now allowed to administer procaine, a local 

anaesthetic, prior to castration of piglets  (Danish Agriculture and Food Council, 2019). 

The efficacy of local anaesthetics to relieve piglet pain at castration remains discussed. While 

previous studies have reported reduced acute responses to castration under local anaesthesia compared 

to castration without anaesthesia (Kluivers-Poodt et al., 2012; Marx et al., 2003; Leidig et al., 2009), 

several authors have suggested that local anaesthetics may not fully supress castration pain (Bonastre 

et al., 2016; Rauh et al., 2019). Moreover, reports of piglet responses to injections of the anaesthetic 

in itself remain scarce. Previously, we studied acute responses to the administration of procaine and 

subsequent castration in piglets (Coutant et al., 2022a, 2022b, submitted). The present results are part 

of the same project. 

Although acute responses to anaesthesia and castration are central to the evaluation of the 

efficacy of the procedures, peri-acute consequences on piglets’ physiology, behaviour and affective 

states remain key elements of attention in relation to welfare. Prior studies have reported no clear 

impact of lidocaine nor procaine in relation to wound healing or daily weight gain (Bonastre et al., 

2016; Kluivers-Poodt et al., 2012; Sutherland et al., 2017; Hofmann et al., 2019), but more effects of 

the administration of local anaesthetics on post-operative behaviours remain overall under-

documented. 

Administration of local anaesthetics aims to mitigate nociception and pain during and shortly 

after castration, and is generally presumed to not affect the piglets after the procedure. The use of 

lidocaine as local anaesthetic has been shown to have little to no effect on the measures of post-

operative behaviour of piglets upon return to the home-pen (Hansson et al., 2011; Kluivers-Poodt et 

al., 2013; Sutherland et al., 2010; Yun et al., 2019), but data for procaine remain scarce. In addition, 

in-pen behavioural recordings remain limited by methodological constraints inherent to the monitoring 

of pain in neonates.  
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Behavioural changes may be subtle and difficult to detect, with limited reliability of scan sampling 

observations (Sheil and Polkinghorne, 2020; Park et al., 2020). In the present study, a robust ethogram 

was developed, combining clearly identifiable behaviours recorded during continuous observation.  

Rauh et al. (2019) investigated effects of lidocaine and procaine using an innovative individual 

behavioural test designed by Bilsborrow et al. (2016) to examine behaviour of piglets following 

castration based on the navigation time in a handling chute. The authors reported longer navigation 

time in piglets castrated after administration of procaine, and proposed potential distress in piglets 

subjected to castration following procaine administration. Using the same behavioural test, 

Abendschön et al. (2020) later found contradictory results in terms of navigation time, but reported 

potential side effects such as locomotor impairments resulting from the administration of the local 

anaesthetics. These studies are among the first to highlight potential post-procedural effects of local 

anaesthetics administered at castration, but understanding the observed effects in terms of piglet 

welfare require further studies. However, the specific set-up of the behavioural test used in the prior 

studies, requiring physical modifications of the home-pen and training of the piglets prior to testing, is 

unfeasible to implement in practice with neonate piglets. A new test was devised for the present studies, 

with spontaneous social motivation as focus point. Young piglets are highly motivated for social 

contact with sows/siblings, potentially originating from seeking positive affective states, but also from 

seeking relief from a negative experience (Clouard et al., 2022; Loseth et al., 2014). Thus, the test is 

based on the assumption that piglets’ affective states, potentially modulated by the local anaesthesia 

procedure, would influence their motivation to re-join their littermates. 

Following a parallel study to quantify the acute responses to surgical castration after 

administration of a local anaesthetic based on procaine (Coutant et al., 2022a, 2022b, submitted), the 

aim of the studies presented here was to examine the peri-acute behavioural consequences of castration 

following local anaesthesia with procaine using two methods of drug administration, four time 

intervals between anaesthesia and castration, and two drug volumes. The responses of the piglets were 

evaluated based on their social motivation and home-pen behaviours in the first 15 min following 

castration. 

2. Materials and methods 

2.1 Ethical and other permits 

The studies were performed in compliance with the EU Directive 2010/63/EU for animal 

experiment as well as with the Danish Ministry of Food, Agriculture and Fisheries, and The Danish 
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Veterinary and Food Administration under act 474 of 15 May 2014 and executive order 2028 of 14 

December 2020. The two experiments were approved as clinical trials by the Danish Medical Agency 

(Reference number 2020061784 (Study 1) and 021043561 (Study 2)). All procedures were ethically 

evaluated and approved by the Danish Animal Experiments Inspectorate (Approval numbers 2019-15-

0201-00263 (Study 1) and 2021-15-0201-00906 (Study 2)). 

2.2 Animals 

Data collection took place in July-October 2020 (Study 1) and June-September 2021 (Study 

2). Both studies were conducted in the same Danish conventional herd producing crossbred (Landrace 

& Yorkshire × Duroc) piglets. Prior to farrowing, the sows were kept loose in farrowing pens 

measuring 3.1 × 2.8 m, where they remained with their litter until weaning. In the first week post-

farrowing, i.e., during the experiments, the sows were crated. 

The piglets included in the studies were 3 to 4 day old on the day of testing (with day 0 defined 

as the day of birth of the last piglet in the litter), and weighed between 0.94 and 2.68 kg (1.72±0.3 kg, 

mean±SD). Piglets weighing less than 0.8 kg or more than 2.7 kg were not included in the study, to 

ensure that all piglets would properly fit in the castration bench. Piglets were clinically healthy, free 

of overt anatomical malformations and signs of lameness, and all the sows had a rectal temperature 

below 39 °C. Six (Study 1) or five (Study 2) males were selected within each experimental litter. 

Within each study, distribution of treatments was balanced across litters, experimental days, and 

experimental weeks. 

Experimental piglets could be cross-fostered in the first days of life, up to 24 h prior to 

castration. Non-tested littermates could be cross-fostered up to the morning prior to castration. 

Experimental piglets were not ear tagged, tail docked, or teeth clipped before castration, and were 

treated with a nonsteroidal anti-inflammatory drug (NSAID; intramuscular injection of 0.3 mL of 

meloxicam; Melovem, 5 mg/mL, Dopharma, the Netherlands) as analgesic within 24 h after castration, 

after completion of the data collection. 

2.3 Study design 

On the day of testing, all experimental piglets within a litter were weighed and transported to 

the testing area, a calm room outside of the farrowing room, where they stayed together in a plastic 

box (71.5 × 53.0 × 39.5 cm) layered with straw, underneath a heat lamp (15 to 25 °C).  
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Piglets were injected with the anaesthetic, castrated or sham-handled one by one, respecting a 

randomised testing order and following a predefined schedule ensuring that experimental intervals 

between procedures were respected. In between procedures, piglets were placed back in the heated box 

with their littermates. 

All procedures, i.e., injection of the local anaesthetic, castration, and sham handling were 

performed by the same experimenter, an experienced farm staff member from Aarhus University 

trained in accordance to the Danish Veterinary and Food Administration’s standards (Danish 

Agriculture and Food Council 2019), using a commercially available castration bench (Unitron A/S, 

Kolding, Denmark) modified as depicted in Coutant et al. (2022a, submitted). The anaesthetic used 

was a procaine hydrochloride 2% solution (Procamidor Vet., 20 mg/mL, Richter Pharma AG, Wels, 

Austria; equivalent to 17.3 mg procaine per mL). Injections of the local anaesthetic and castration were 

performed as described by Coutant et al. (2022a, submitted). Sham-handled piglets were fixated in the 

castration bench for approximately 25 s, during which they did not experience any tissue damage nor 

physical stimulation of the groin area. 

Immediately after castration or last sham handling, piglets were individually subjected to a 3 

min social motivation test performed in the corridor outside the farrowing room. After the test, each 

piglet was brought back to his home-pen, where continuous behavioural observations were performed 

upon placement in the pen and for a duration of 10 min (Study 2 only). The experimenters performing 

the tests were blinded to the experimental treatments. 

 Study 1: Two methods of injection and four intervals between anaesthesia and 

castration 

A total of 597 piglets were assigned to one of thirteen treatments (Table 1): Surgical castration 

without local anaesthesia (CC; control-castrated); intra-funicular injection of 0.5 mL of local 

anaesthetic per testis and subsequent castration after 2.5 min (IF02), 5 min (IF05), 10 min (IF10) or 

30 min (IF30); intra-testicular injection of 0.5 mL of local anaesthetic per testicle and subsequent 

castration after 2.5 min (IT02), 5 min (IT05), 10 min (IT10) or 30 min (IT30); sham handling with two 

stays in the bench without tissue damage inflicted, separated by 2.5 min (SH02), 5 min (SH05), 10 

min (SH10) or 30 min (SH30). 
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Table 1. Description of the 13 treatment groups involved in Study 1 

 IF0

2 

IF0

5 

IF1

0 

IF3

0 

IT0

2 

IT0

5 

IT1

0 

IT3

0 

C

C 

SH0

2 

SH0

5 

SH1

0 

SH3

0 

I

M  

IF IF IF IF IT IT IT IT - SH SH SH SH 

TI 2.5  5  10 30  2.5  5  10  30  - 2.5  5  10 30 

N 50 50 50 49 50 49 50 49 50 50 25 25 50 

Apart from CC (castrated without anaesthesia; control-castrated), all treatments were combinations of 1) one method 

of injection (IM): IF, intra-funicular injection; IT, intra-testicular injection; SH, sham handling; and 2) one time 

interval between injection and castration (TI, min): 02, 2.5 min; 05, 5 min; 10, 10 min; 30, 30 min. N, number of 

piglets per treatment. 

 Study 2: Two injection volumes of anaesthetic drug 

A total of 290 piglets were assigned to one of five treatments (Table 2): Castration without 

local anaesthesia (CC; control-castrated), intra-testicular injection of 0.5 mL of local anaesthetic per 

testis and subsequent castration after 5 min (V05), intra-testicular injection of 0.3 mL of local 

anaesthetic per testis and subsequent castration after 5 min (V03), sham handling with no tissue 

damage inflicted with one  (sham castration; SH1) or two stays in the bench at a 5 min interval (sham 

anaesthesia and sham castration; SH2). 

Table 2. Description of the five treatment groups involved in Study 2 

 V05 V03 CC SH1 SH2 

Injection method IT IT - - SH 

Time interval (min) 5  5  - - 5  

Stay in the bench 2 2 1 1 2 

Volume injected (mL) 0.5 0.3 - - - 

N 58 58 58 58 58 

V05, castration 5 min after intra-testicular injection of 0.5 mL of drug per testis; V03, castration 5 min after intra-

testicular injection of 0.3 mL of drug per testis; CC, castration without local anaesthesia (control-castrated); SH1, 

sham handling with one stay in the bench; SH2, sham handling with two stays in the bench.  

2.4 Data collection 

 Social motivation (Study 1 and 2) 

Piglets’ social motivation was assessed in a test situation carried out on each piglet at a time. 

The test was performed in an arena (2.4 × 0.8 m) placed in the corridor outside the farrowing room. 
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At one end of the arena, three randomly chosen, non-experimental, littermates were placed in a heated, 

straw-bedded enclosure (0.4 x 0.8 m) delimited with a grid. Three obstacles (4 cm wide wooden laths 

with increasing heights: 5, 7, and 9 cm) were scattered along the arena (Fig. 1).  

 

Figure 1. The arena used for the social motivation test.  

The test was concluded when the snout of the piglet being tested came into contact with the grid separating him from 

the littermates, or, in case of no-contact, after 180 s. Each test was video recorded to determine the latency to reach 

the grid (s), the speed (cm/s) and the distance walked by the piglet (cm). 

The test was started upon placement of the pig furthest away from the siblings, and concluded when 

the snout of the piglet being tested came into physical contact with the grid separating him from his 

littermates (corresponding to a successful test outcome), or, in case of no-contact, after 180 seconds. 

The behaviour of piglets during testing was video recorded using a camera (Logitech HD Pro Webcam, 

Logitech, Lausanne, Switzerland) placed approximately 2 m above the arena and connected to a 

computer. Two experimenters, blinded to the experimental treatments, observed the videos and 

recorded the latency to reach the grid using stopwatches. In addition, the footage were analysed using 

a tracking software (Lolitrack, LoligoSystems, Viborg, Denmark) to determine the speed (cm/s) and 

distance walked (cm) for each of the tested piglets. 

 Home-pen behaviour (Study 2) 

 In Study 2, and immediately upon return to the home-pen, piglet behaviour was recorded by a 

single experimenter standing in front of the pen, by use of a hand-held PC (PsionWorkabout, Psion 

PLC, London, UK). Behaviour was recorded continuously during 10 min by focal sampling for each 
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piglet, based on a predefined ethogram (Table 3) adapted from Hay et al. (2003) and Llamas Moya et 

al. (2008). The ethogram was pretested in a pilot phase, and refined to ensure feasibility of the 

observation and reduce risks of recording errors. The ethogram included behavioural states (active, 

active at the udder, resting, huddled up, prostrated, social huddling and out) and events (shivering, 

rump scratching, self-scratching, tail wagging, seeking sow, playing). Before the study, the observer 

trained the observation technique on approximately 10 piglets. 

Table 3. Ethogram used during continuous observation of piglet behaviour  upon return to the 

pen 

Behaviour Description 

States 

Active  Behavioural state characterised by being physically active 

(walking, running, nosing, chewing.) except described in another 

category 

Active at the 

udder 

Nursing (with active milk intake), working for access to a teat, or 

active massaging or nosing of the udder 

Resting Sitting or standing motionless with the head above shoulder level, 

or lying, with eyes closed or open, legs not tucked under the body 

Huddled up Lying with at least three legs tucked under the body 

Prostrated Sitting or standing motionless with the eyes opened and the head 

down, lower than shoulder level 

Social huddling Lying/resting together with other piglets in such way that part of 

the body or the whole body is not visible by the observer 

Out Not visible by the observer 

Events 

Shivering Shivering (trembling) and/or quick and involuntary contraction of 

muscles under the skin (spasm). An event is defined as either one 

shivering/contraction or a set of contractions separated by less 

than 1 s 

Rump scratching Scratching the rump by rubbing it against the floor or the pen 

walls 

Self-scratching Scratching of the rump or lower belly area with a hind-leg 
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Tail wagging Up and down or side to side movement of the tail, with a range 

superior to body width. An event is defined as either one 

movement or a set of movements separated by less than 1 s 

Seeking sow Physically moving the body (often associated with vocalisation) 

in direction of the sow’s head 

Playing Head shaking, jumping, running with bouncy movements, 

possibly 

involving other piglets (gentle nudging or pushing, mounting or 

chasing). An event is counted until the behaviour is stopped for 

a least 1 s or until the piglet performs another type behaviour.  

 

2.5 Statistical analysis 

A total of 13 experimental piglets were removed before analyses (5 from the 597 piglets in 

Study 1 and 8 from the 290 piglets in Study 2), due to technical difficulties during the procedures (5 

piglets), cryptorchidism (only one testis descended) discovered during injection (3 piglets), lameness 

discovered during the social motivation test (3 piglets), and health concerns as a result of the 

procedures (2 piglets). In addition, home-pen observations were only performed on 255 piglets as 30 

(6 piglets per treatment) were missed due to technical difficulties on the days of observation. 

All initial mixed effects models included treatment group (Study 1: 13 categories; Study 2: 5 

categories; see Tables 1 and 2) as the fixed effect of key interest, litter as random effect, and the 

following other fixed effects (covariates): weight (range: Study 1: 0.94 - 2.68 kg; Study 2: 0.96 - 2.47 

kg), age (3 or 4 days; categorical), time of day when starting the procedure (decimal hour, Study 1: 

7.98 - 15.47, Study 2: 8.21 - 14.66) and testing order of the piglet within the litter (Study 1: 1 - 6, Study 

2: 1 - 5; categorical). Analysis of home-pen behaviour included the interval from termination of 

castration until the piglet was returned to the home-pen, as a covariate (range: 138 - 455 s). 

In the social motivation test, some of the piglets did not reach their littermates within the 180 

s maximum test duration and were therefore right censored (18% in Study 1 and 8% in Study 2). 

Latencies to reach the grid were thus analysed using a mixed effects Cox proportional hazards model, 

after a graphically check of the proportionality assumption for treatment groups. Piglets’ speed (cm/s) 

were square root transformed to respect normality and analysed in a linear mixed effects model. 
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Distance walked during the test (whole cm) were analysed by a negative binomial mixed effects model 

with log link and including logarithm of the test duration (range: 8 - 180 s) as an offset. 

 Home-pen behaviour was recorded as either durations or frequencies for a 10 min observation 

time. Piglets being not visible to the observer (out) represented less than 0.2% of the observation time 

across all treatments. At least one instance of behaviour from the activity category was recorded for 

all piglets, and duration of being active was log transformed to obtain normality and analysed in a 

linear mixed effects model. Activity at the udder, resting and huddling up were observed in 77%, 78% 

and 13% of the piglets, respectively. Displaying the behaviours (0/1) was analysed by mixed effects 

logistic regression models (i.e., generalised mixed effects models with binomial distribution and logit 

link function), and duration of the behaviours, conditional on performing it, was log transformed and 

analysed in linear mixed effects models. Rump scratching was not commonly observed (<10% of the 

piglets) and frequency of rump scratching was therefore combined with self-scratching and referred 

hereafter as scratching. Shivering, scratching, tail wagging and seeking sow were also only recorded 

in some of the piglets (49%, 34%, 34% and 26%, respectively), and the observed frequencies for each 

of these categories were analysed by negative binomial mixed effects models. Prostration and social 

huddling were not common (<10% of the piglets performing the behaviour at least once) and durations 

of these behavioural states were not analysed statistically. As an alternative, descriptive results are 

presented. 

For linear mixed effects models, Satterthwaite’s approximation of denominator degrees of 

freedom was applied and deviations from assumption of normality and variance homogeneity were 

monitored visually by plotting residuals at each step. For all outcomes, the initial model was reduced 

by stepwise removal of variables at P>0.10, however, never removing the main effect of treatment 

group. Pairwise comparisons between treatment groups were performed with P-values adjusted for 

multiple comparison using the Tukey-Kramer method (marked by Padj), except for speed and distance 

in Study 1, where no adjustment was applied as the 13 treatment groups would result in 78 pairwise 

comparisons, many of which were not relevant for the aims of the present study. Instead, exploratory 

results were obtained by comparing time intervals within injection method, and injection methods 

within time interval without adjustment for multiple testing. Letters or numbers indicate significant 

differences in pairwise comparisons, as further explained in footnotes to tables and figures. 

Analyses were performed using SAS 9.4 (SAS Institute Inc, Cary, NC, USA) with a 

significance level of 0.05. Results are presented as overall F- (linear mixed effects models) or χ2-tests 
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with corresponding P-values together with raw averages ± standard errors (SE). The dataset used for 

statistical analysis is available in supplementary materials. 

3. Results 

3.1 Social motivation test 

In Study 1, piglets’ latency to reach their littermates, walking speed, and distance walked were 

significantly affected by the treatments (Table 4). Overall, the two methods of injection, IT and IF, did 

not differ significantly, and resulted in a longer latency to reach the siblings, lower walking speed, and 

a longer distance walked, compared to sham-handled (SH) or control-castrated piglets (CC), regardless 

of the interval (2.5 - 10 min) between injection and castration. However, piglets castrated 30 min after 

the anaesthetic injection did not differ from CC or SH, though IT-injected piglets had a longer latency 

to reach the littermates and moved slower than SH for that interval. SH did not differ significantly 

from CC, at the exception of piglets offered a 5 min interval between stays in the bench, showing a 

significantly lower latency for sibling contact than CC. 

Table 4. Latency to reach the littermates (s), proportion of success (%), walking speed (cm/s) 

and distance walked (cm) during the social motivation test in Study 1 (averages ± SE) 

  IF IT SH Test P 

Proportion 

of success 

(%) 

2.5 min 78% 86% 92% 

 𝜒12
2 =79.6 <0.001 

5 min 59% 88% 96% 

10 min 71% 69% 92% 

30 min 88% 78% 94% 

CC 90% 90% 90% 

Latency to 

reach 

littermates 

(s) 

2.5 min 
67±7a,1 

[36;154] 

69±7ab,1 

[33;138] 

42±5ab,2 

[21;52] 

5 min 
59±8a,1 

[29;180] 

70±7ac,1 

[37;130] 

34±6b,2 

[18;39] 

10 min 
62±8a,1 

[31;180] 

69±8b,1 

[45;180] 

45±6ab,2 

[23;85] 

30 min 
57±7b,1,2 

[21;104] 

65±8ac,1 

[31;175] 

52±6ab,2 

[24;69] 

CC 
38±4b 

[21;54] 

38±4.36c 

[21;54] 

38±4a 

[21;54] 
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Speed 

(cm/s) 

2.5 min 6.0±0.5b,2 5.5±0.4b,2 7.9±0.41 

F12,516=6.6 <0.001 

5 min 5.9±0.4b,2 5.8±0.4b,2 8.8±0.71 

10 min 5.6±0.4b,2 5.6±0.4b,2 7.5±0.91 

30 min 7.5±0.5a,1/2 6.3±0.4a,2 7.5±0.51 

CC 8.1±0.5a 8.1±0.5a 8.1±0.5 

Distance 

walked 

(cm) 

2.5 min 403±40ab,1 361±40a,1 319±372 

𝜒12
2 =47.4 <0.001 

5 min 474±51ab,1 393±39a,1 268±362 

10 min 426±42a,1 493±57a,1 317±502 

30 min 381±42bc 412±40a 363±40 

CC 306±33c 306±33b 306±33 

Proportion of success is calculated as the number of piglets having succeeded the test (i.e., reached the littermates 

within 180 s) divided by the total number of piglets for each treatment. For latencies, quartiles [25%; 75%] are also 

reported. 1,2 Different numbers within a row indicate significant differences between injection methods within 

intervals for the given outcome. abc Different letters within a column indicate significant differences between intervals 

within injection method fort the given outcome; IF, intra-funicular injection and castration after 2.5 min (n=50), 5 

min (n=49), 10 min (n=49) or 30 min (n=49); IT, intra-testicular injection after 2.5 min (n=49), 5 min (n=49), 10 

min (n=49) or 30 min (n=49); SH, sham handling at an interval of 2.5 min (n=50), 5 min (n=25), 10 min (n=25) or 

30 min (n=49); CC, castration without pain mitigation (control-castrated, n=50). 

In addition, in Study 1, latency to sibling contact was significantly affected by age (𝜒1
2=4.2, P=0.014), 

with shorter latency and higher speed in 4 day old (55±5 s, 93% success rate) than in 3 day old piglets 

(57±2 s, 81% success rate). Effects of testing order were significant for the latency to contact 

littermates (𝜒5
2=21.6, P=0.005) and walking speed (F5,479=3.1, P=0.009), with the first piglet being 

quicker to contact his siblings than all other piglets in the litter, and faster moving in the arena (7.4±0.3 

cm/s) than the piglets tested last (5th: 6.3 ±0.3; 6th: 6.8±0.4 cm/s; Table 1 in supplementary material). 

Latency to contact littermates, walking speed, and distance moved were also significantly 

affected by the treatments in Study 2 (Table 5). The two volumes (0.3 vs 0.5 mL of procaine-based 

drug) did not differ significantly in terms of the walking speed or distance walked, but V03 led to a 

reduced latency to reach the littermates compared to V05. In addition, the procaine treated piglets (V05 

and V03) showed longer latency to sibling contact and walked a longer distance in the arena compared 

to sham-handled piglets (SH1 and SH2), but V05 differed significantly from CC, whereas V03 did not. 

Regardless of the volume of drug injected, castration under local anaesthesia led to a lower latency to 

sibling contact, a lower walking speed for piglets in the arena, and a higher total distance walked than 

sham-handled piglets (SH). SH1, SH2 and CC did not differ significantly. 
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Table 5. Social motivation test duration (s), success rate (%), speed (cm/s) and distance walked 

during the test (cm) in Study 2 (averages ± SE) 

 V05 V03 CC SH1 SH2 Test P 

Proportion of 

success (%) 

Latency to 

reach 

littermates (s) 

81% 

 

72±1a 

[35;155] 

91% 

 

52±5b 

[28;84] 

95% 

 

51±5bc 

[22;85] 

98% 

 

42±4c 

[23;55] 

91% 

 

37±4c 

[19;59] 

𝜒4
2=26.6 

<0.00

1 

Speed (cm/s) 5.7±0.3bc 6.3±0.4b 7.4±0.4ab 8.2 ±0.4a 7.6 

±0.4ab 

F4,217=8.

1 

<0.00

1 

Distance 

walked (cm) 

456±45a 321±30ab 346±34bc 307 ±28c 275±24c 𝜒4
2=28.0 <0.00

1 

Proportion of success is calculated as the number of piglets having succeeded the test (i.e., reached the littermates 

within 180 s) divided by the total number of piglets for each treatment. For latencies, quartiles [25%; 75%] are also 

reported. abc Different letters within a row indicate significant difference between treatments for a given outcome, 

Padj≤0.05; V05, castration 5 min after intra-testicular injection of 0.5 mL of drug per testis (n=54); V03, castration 

5 min after intra-testicular injection of 0.3 mL of drug per testis (n=57); CC, castration without local anaesthesia 

(control-castrated, n=58); SH1, sham handling with one stay in the castration bench (n=57); SH2, sham handling 

with two stays in the castration bench (n=56). 

Piglets’ testing order within the litter significantly impacted latency to sibling contact (𝜒4
2=31.9, 

P<0.001), speed (F4,217=5.6, P<0.001), and total distance walked (𝜒4
2=15.5, P=0.005) in the arena. 

Overall, similarly to Study 1, the first tested piglet of a litter was quicker to make contact with his 

littermates, and moved faster than piglets tested 3rd, 4th or 5th (Table 1 in supplementary material). 

3.2 Home-pen behaviour 

Immediately after the social motivation test, upon return to the home-pen, piglet behaviour was 

recorded. Duration and proportion of piglets having performed at least one bout of activity in the pen, 

resting, and seeking the sow did not differ among treatments. Proportion of piglets active at the udder 

at least once was affected by treatment (Table 6), but none of the pairwise comparisons reached 

statistical significance when adjusted for multiple comparisons. Fewer piglets from V05 tended to 

show activity at the udder as compared to SH1, and, numerically, 30% more piglets showed activity 

at the udder in V03 compared to V05. Proportion of display of huddling up was significantly affected 

by treatments, with more piglets showing the behaviour in V05 compared to the sham treatments. A 

60% reduction in piglets displaying huddling up behaviour was recorded for V03 as compared to V05, 

although this difference did not reach statistical significance. Number of events and proportion of 
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piglets having performed at least one event of scratching, shivering or tail wagging differed 

significantly among treatments. Treatments involving the injection of a local anaesthetic, regardless of 

the volume, showed a higher proportion of display of scratching and shivering than SH2. V05 and V03 

piglets also displayed more tail wagging than the shams, regardless of the number of stays in the 

castration bench (SH1, SH2). Prostration, social huddling, and bouts of play behaviour were not 

observed often (<5%). Prostration did not occur in any of the sham-handled groups, while play bouts 

were only recorded in these treatment groups, and never in castrated piglets, regardless of the use of 

local anaesthesia. 

Table 6. Proportion of piglets displaying the behaviour (%), durations (s) and number of events 

(averages ± SE) of behaviours recorded during the 10 min of continuous live observation 

performed upon return to the home-pen 

 V05 V03 CC SH1 SH2 Test P 

Active (s) 170±17 156±13 171±15 137±13 171±15 F4,200=1.6 0.174 

Active at the 

udder (s)* 

% of display 

260±33 

 

61.2% 

(n=30) 

265±31 

 

82.4% 

(n=42) 

277±29 

 

78.9% 

(n=41) 

324±29 

 

82.7% 

(n=43) 

305±34  

 

76.5% 

(n=39) 

F4,159=0.6 

 

𝜒4
2=9.8 

0.632 

 

0.045 

Resting (s)* 

% of display 

263±28 

87.8% 

(n=43) 

258±26 

80.4% 

(n=41) 

238±22 

78.8% 

(n=41) 

281±28 

67.3% 

(n=35) 

291±29 

74.5% 

(n=38) 

F4,153=0.3 

𝜒4
2=6.4 

0.853 

0.174 

Huddled up 

(s) 

% of display 

112±23 

30.6%a 

(n=15) 

68±33 

11.8%ab 

(n=6) 

74±18 

17.3%ab 

(n=9) 

27±13 

3.8%b 

(n=2) 

41.00  

2.0%b 

(n=1) 

F4,19.4=1.5 

𝜒4
2=17.6 

0.248 

0.002 

Prostrated 

(s)* 

% of display 

29±17 

4.1% 

(n=2) 

22±6 

9.8% 

(n=5) 

231± 142 

3.8% 

(n=2) 

 

0% 

(n=0) 

 

0% 

(n=0) 

- 

- 

- 

- 

Social 

huddling (s)* 

% of display 

111±103 

 

4.1% 

(n=2) 

103±65 

 

5.9% 

(n=3) 

50.00 

 

1.9% 

(n=1) 

52±24 

 

7.7% 

(n=4) 

 

 

0% 

(n=0) 

- 

 

- 

- 

 

- 

Shivering (no. 

events) 

11.8±3.1 

 

8.9±1.9 

 

13.5±4.0 

 

6.9±2.4 

 

8.5±2.7 

 

𝜒4
2=1.1 

 

0.902 
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% of display 59.2%a 

(n=29) 

60.8%a 

(n=31) 

53.9%ab 

(n=28) 

36.5%ab 

(n=19) 

33.3%b 

(n=17) 

𝜒4
2=15.3 0.005 

Scratching 

(no. events) 

% of display 

2.1±0.6a 

 

49.0%a 

(n=24) 

1.7±0.3ab 

 

47.1%a 

(n=24) 

1.1±0.3ab 

 

34.6%ab 

(n=18) 

0.5±0.1bc 

 

26.9%ab 

(n=14) 

0.4±0.2c 

 

13.7%b 

(n=7) 

𝜒4
2=23.6 

 

𝜒4
2=18.2 

0.002 

 

0.001 

Tail wagging 

(no. events) 

% of display 

6.5±1.2a 

 

83.7%a 

(n=41) 

10.1±2.8a 

 

80.4%a 

(n=41) 

4.4±1.0ab 

 

69.2%ab 

(n=36) 

1.7±0.4b 

 

51.9%b 

(n=27) 

2.0±0.5b 

 

47.1%b 

(n=24) 

𝜒4
2=47.8 

 

𝜒4
2=21.9 

<0.00

1 

 

0.002 

Seeking sow 

(no. events) 

% of display 

0.8±0.1 

 

71.4% 

(n=35) 

1.3±0.1 

 

82.4% 

(n=42) 

0.9±0.1 

 

67.3% 

(n=35) 

1.1±0.1 

 

76.9% 

(n=40) 

1.0±0.1 

 

72.5% 

(n=37) 

𝜒4
2=7 

 

𝜒4
2=3.5 

0.136 

 

0.478 

Play bout (no. 

event) 

% of display 

- 

 

0% 

(n=0) 

- 

 

0% 

(n=0) 

- 

 

0% 

(n=0) 

0.1±0.1 

 

1.9% 

(n=1) 

0.2±0.1 

 

5.9% 

(n=3) 

- 

 

- 

- 

 

- 

*Averages are calculated per treatment among piglets displaying the behaviour at least once within 10 min of 

observation. Proportion of display is calculated as the number of piglets having performed the behaviour at least 

once (also shown as n) divided by the total number of piglets for each treatment. abc Different letters within a row 

indicate significant difference between treatments for a given behaviour, Padj≤0.05; V05, castration 5 min after intra-

testicular injection of 0.5 mL of drug per testis (n=49); V03, castration 5 min after intra-testicular injection of 0.3 

mL of drug per testis (n=51); CC, castration without local anaesthesia (control-castrated, n=52); SH1, sham 

handling with one stay in the castration bench (n=52); SH2, sham handling with two stays in the castration bench 

(n=51).  

Proportion of piglets active at the udder at least once, and number of events of tail wagging were 

significantly affected by the testing order (𝜒4
2=11.0, P=0.027 and 𝜒4

2=12.5, P=0.014). Pairwise 

comparisons did not show any significant differences among test orders for the former, though the first 

testing position resulted in the lowest proportion of piglets active at the udder (68.6% compared to 

70.6%, 80.8%, 80.9% and 82.0% of the piglets for positions 2, 3, 4 and 5, respectively, see Table 2 in 

supplementary material). In addition, piglets tested in first and second positions showed, or tended to 

show, fewer events of tail wagging than piglets tested last (4.5±1.3 and 2.8±0.7 vs. 5.6±1.3). Proportion 

of display and duration of activity at the udder, as well as number of tail wagging, significantly 

increased with a decrease in the time interval from termination of castration until piglets were returned 
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to their home-pen (𝜒1
2=7.2, P=0.007, F1,182=4.7, P=0.031, and 𝜒1

2=7.7, P=0.006, respectively). 

Shivering and scratching were also significantly affected by the hour of day, with a higher proportion 

of piglets displaying shivering, recorded earlier in the day, and a higher proportion of piglets displaying 

scratching, recorded later in the day (𝜒1
2=5.7, P=0.017 and 𝜒1

2=5.9, P=0.015, respectively). A 

significant weight effect was observed for the proportion of piglets displaying at least one event of tail 

wagging (𝜒1
2=6.1, P=0.014), and the proportion of display and number of events of shivering (𝜒1

2=4.6, 

P=0.033 and 𝜒1
2=4.0, P=0.047, respectively), with increased shivering and decreased tail wagging 

recorded in lighter piglets. Lastly, the number of sow seeking behaviour was influenced by piglet age 

(𝜒1
2=4.2, P=0.043), with increased numbers recorded in 4 day old (1.5±0.2) than in 3 day old piglets 

(1.0±0.1). 

4. Discussion 

The present study aimed at evaluating post-operative behavioural responses of piglets to 

castration after injection of a procaine-based anaesthetic, as measured by their social motivation 

immediately after castration and spontaneous behaviours upon return to the home-pen. 

Across the two studies, the results showed no difference in social motivation between piglets 

castrated without anaesthesia and sham-handled. A reduced motivation – shown by a higher latency to 

reach the siblings, a lower proportion of success and a lower speed of movement in the arena – was 

observed in piglets castrated following anaesthetic injection, regardless of the method of injection. 

These results are somewhat in line with findings of Abendschön et al. (2020), reporting no difference 

between controls castrated without anesthesia and sham-handled, and with Rauh et al. (2019) reporting 

increased latency to complete the handling chute in piglets injected with procaine. In contrast to our 

expectation, the piglets castrated without anaesthesia did not differ from sham-handled piglets, despite 

otherwise clear differences in pain responses during castration (Coutant et al., 2022a, 2022b, 

submitted). One explanation could be that the pain and/or stress experienced at the castration is short-

lived, and therefore that castration does not lead to post-procedural effects on social motivation in 

piglets. Based on the present results, the social post-operative response in the test arena appear 

independent from the relatively intense acute response at castration. Social motivation may also relate 

to an aspect of affect that is different from, or even overtaking, potential responses to pain, when 

castrated piglets are placed in the arena. The results showed that piglets castrated under local 

anaesthesia walked a distance comparable or higher than the other treatments, indicating that the 

apparent reduction in social motivation was not due to locomotor impairments. Direct effects of the 
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local anaesthetic on the piglets’ social motivation could explain these results. This explanation is 

supported by the fact that the reduction in motivation was limited in piglets castrated 30 min after 

injections with the anaesthetic, potentially because the drug was already metabolically degraded at that 

time. Similarly, a reduction in the dose of anaesthetic administered (correlated with volume) from 0.5 

mL to 0.3 mL reduced the effects on social motivation. 

The social motivation test designed for the present study is therefore useful to report elements 

of piglet affect. A pilot study (results not published in the present paper) showed that the presence of 

the littermates increased the proportion of piglets succeeding the test after castration compared to when 

tested with the heat lamp and straw only (88% vs. 60% success proportion). Thus, the test recorded 

social motivation rather than e.g. heat or straw seeking behaviour only.  In addition, piglets tested 

without being exposed to strong stressors (brought directly from the home-pen) showed a 96% success 

proportion, with a speed averaging 9.3 cm/s (higher than any of the groups tested in the present 

studies), confirming that the test reported direct effects of the treatments. We acknowledge that the use 

of littermates introduce some variation, as it is hard to fully control for their social cues during the test; 

the littermates may differ in vocal and other behavioural activity across sessions, which may affect the 

motivation to approach and contact in the tested piglets. In the present study, the three littermates were 

placed in the arena for an hour, i.e., the time needed to test all experimental piglets in a litter. This 

duration and change in littermate behaviour over time could partly explain the effects of testing order. 

Overall, the first tested piglet in a litter was quicker to approach and contact, which we suggest may 

be an effect of more active and responsive littermates behind the grid. Yet, this variation was addressed 

in the design, by implementing a randomised testing order, and can be supressed, in the future, with a 

more frequent renewal of the littermates in the arena. From a methodological point of view, it would 

be relevant to examine whether neonate piglets’ social motivation in the test depends on whether the 

companion pigs behind the grid are littermates or not (generalised across e.g. same-age piglets), hence 

limiting the need for disturbance in the home-pen of the tested piglet. 

Following the motivation test, post-operative behaviours were recorded continuously for 10 

min upon return in the home-pen. The results further support the hypothesis of a systemic effect of the 

anaesthetic, as piglets injected with 0.5 mL of anaesthetic seem to show an increased prevalence of 

huddling up compared to the sham-handled controls, with the lowest prevalence of activity at the udder 

of all treatments. Again, injection with a lower volume (i.e., dose) of the procaine-based drug seemed 

to relieve these effects, with values not differing from the controls for these behaviours. Regardless of 

the volume of drug injected, castration with local procaine-based anaesthesia led to measurable signs 
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of discomfort and/or pain, as shown by an increased prevalence of shivering, tail wagging and 

scratching of the rump area as compared to sham-handled piglets. It is noticeable that one piglet 

castrated after injection of 0.5 mL of anaesthetic had to be removed from the study at this point, due 

to vomiting and skin discoloration; this may be coincidental, however, additionally raises concerns as 

to whether systemic side-effects following procaine injection in young piglets may exist. Piglets 

castrated without anaesthesia did not differ from the sham-handled controls for any of the analysed 

behaviours. This result is in line with previous studies (Carroll et al., 2006), but conflicts with others 

showing for instance a difference in nursing and udder massage in the first hours after castration 

without local anaesthesia as compared to sham handling (Hay et al., 2003; Llamas Moya et al., 2008), 

though the direction of the effect conflicted between the studies. Overall, with diverging methods of 

observation, ethograms, and duration of sampling (Park et al., 2020), options for comparison between 

studies are limited, and the impact of unsedated castration on piglet post-procedural behaviours 

remains not clearly known. The present results suggest that local procaine-based anaesthesia has a 

greater impact on piglets’ behaviour upon return to the home-pen than castration alone. 

The present results provide evidence of at least short-lived side-effects recorded across two 

independent studies. Similar data showing affective or cognitive impacts of procaine in the context of 

castration remain scarce, but general effects of procaine administration have been reported in other 

contexts. In dogs, intravenous injections of procaine (20 mg/kg, comparable to the dose administered 

to piglets of 1 kg injected twice with 0.5 mL of anaesthetic in the present study) has been reported 

leading to sub-lethal adverse events including lack of coordination and loss of balance (Committee for 

Veterinary Medicinal Products, 1998). In horses, intravenous injections of procaine in doses of 2, 5 

and 10 mg/kg led to behavioural and locomotor disturbance described as non-lethal (Committee for 

Veterinary Medicinal Products, 1998). In addition, evaluation of the effect of intravenous injections of 

up to 2.3 mg/kg of procaine hydrochloride (a significantly lower dose of procaine than used in the 

present study) on the limbic system of human patients reported dose-related cognitive and sensory 

distortions (Kellner et al., 1987), while procaine injection in the brain of rats have shown to temporarily 

supress fear condition avoidance and act on hippocampus rhythms, related to arousal and attention 

(Matulewicz et al., 2015). Procaine has even been put forward as a useful tool to study limbic system 

and emotions, due to its action on other biochemical systems such as dopamine or serotonin (Reuter 

et al., 2017). Although the injection routes and general contexts of testing are clearly different, these 

effects align with the observed outcomes of the present study, strengthening the hypothesis of systemic 

effects. This suggestion conflicts with the general presumption that most of the drug administered as 
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local anaesthetic prior to castration is removed together with the testes, and therefore that systemic 

effects should remain limited or inexistent. Furthermore, side effects are thought to be lower for 

procaine compared to other drugs such as lidocaine, due to the relatively low solubility of procaine 

(Pugh, 1991), though contradictory statements can be found (Ranheim and Haga, 2006). It is worth 

mentioning, however, that the specific formulation of the procaine-based drug is of importance as 

addition of a vasoconstrictor such as adrenaline reduces the systemic absorption rate, thereby 

potentially limiting the occurrence of side-effects (Ranheim and Haga, 2006). Yet, in the absence of 

pharmacokinetic studies, all these allegations remain speculative. Despite the use of procaine as 

anaesthetic in more than 2.5 million pigs yearly in Denmark (Danmarks Statistik, 2020), procaine can 

be used without an established maximum residue limit (MRL) in production animals (Ranheim and 

Haga, 2006), and no study has specifically investigated dose toxicity nor tolerance of procaine in 

piglets, including in the special case of castration. In light of the present results, such pharmacological 

studies appear pertinent. 

The effects described in the present paper appear subtle and may be short lasting, and potential 

underlying mechanisms, e.g., whether reduced social motivation is due to a lessened emotional need 

or to alterations in sensory perception, or regarding the valence of the experience for the piglets, cannot 

be formulated at this stage. Yet, further understanding of the potential effects of procaine in the context 

of castration is important. Considering the young age and fragility of piglets, even a temporary 

reduction in social activities or milk intake may have consequences on welfare and survival, while 

affective or cognitive effects may have indirect effects on mortality. A recent paper reported a 

significant increase in mortality rate in litters castrated with procaine compared to litters castrated 

without pain relief. While the surgery in itself was excluded to be the cause of death, the authors 

suggested that a partial reduction of proprioception may have increased the risk for the piglets to be 

crushed (Scollo et al., 2021). 

The present results call for attention towards post-surgical effects of local anaesthesia, but more 

understanding of the potential welfare impacts of these findings require further studies, for example 

including knowledge about the pharmacokinetics of the involved drug. 

5. Conclusion  

The study aimed at examining the peri-acute behavioural consequences of castration following 

local anaesthesia with procaine based on the social motivation and home-pen behaviours of piglets in 

the first 15 min following castration, using two methods of drug administration, four time intervals 
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between anaesthesia and castration, and two drug volumes. The results showed that injection with a 

procaine-based local anaesthetic prior to castration led to signs of impaired social motivation in piglets. 

In addition, locally anaesthetised piglets were less active at the udder after castration, and displayed 

more huddled up positions. These findings may be interpreted as systemic responses to the procaine 

anaesthetic, and call for further studies on post-surgical effects of local anaesthesia.  
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Supplementary data 

Supplementary Dataset 1. Dataset used for statistical analysis. 

Supplementary Table 1. Latencies to reach the littermates, percentage of piglets having reached 

the littermates within the 180 s (success), speed and distance walked during the social motivation 

test depending on the test order within a litter in Study 1 and Study 2 (average ± SE) 

Order  N Prop. of 

success (%) 

Latency to 

littermates (s) 

Speed (cm/s)  Distance (cm) 

STUDY 1 

1 102 92% 44±3c  7.4±0.3a 291±16 

2 99 79% 59±5a 6.2±0.3ab 417±34 

3 101 81% 65±5ab 6.2±0.3ab 415±30 

4 101 73% 53±5b 7.1±0.4ab 417±34 

5 100 82% 61±5ab 6.3±0.3b 391±29 

6 89 87% 58±5ab 6.8±0.4b 379±30 

STUDY 2 

1 56 98% 36±4c 8.3±0.4a 268±27a 

2 56 96% 47±4b 7.3±0.5ab 308±33ab 

3 57 86% 49±5ab 6.7±0.3b 349±31ab 

4 57 82% 59±6a 6.2±0.4b 394±38b 

5 56 95% 61±6ab 6.8±0.4b 379±36ab 

abc Different letters within a column indicate significant differences within testing position for the parameter 

(Padj≤0.05). 
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Supplementary Table 2. Duration of activity at the udder, number of bouts of tail wagging, and 

proportion of piglets displaying each behaviour at least once during 10 min continuous 

observation in the home-pen, depending on the test order within a litter in Study 2 (average ± 

SE) 

Order  N Activity at the udder Tail wagging  

  Prop. of 

display 

Duration (s)* Prop. of 

display 

No. of bouts 

1 51 68.6% 301±33 66.7% 4.5±1.3ab 

2 51 70.6% 291±35 60.8% 2.8±0.7b 

3 52 80.8% 246±33 67.3% 6.5±2.5a 

4 51 80.9% 269±29 70.6% 5.0±1.1ab 

5 50 82.0% 334±27 66.0% 5.6±1.3ab 

 *For durations, means are calculated and analysed among piglets having performed the behaviour. abc Different 

letters within a column indicate significant differences within testing position for the parameter (Padj≤0.05). 
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Abstract 

 Assessing the welfare impact of piglet castration, as performed under different procedures of 

pain mitigation, is a challenge. While multi-modal approaches have been put forward as a solution to 

improve the evaluation of resultant states such as pain and/or stress, the interpretation of the data from 

such methodological approaches, are limited by a lack of understanding of the relationships that may 

exist among different types of indicators or different parameters within the same types of indicators. 

This paper used an exploratory approach to evaluate the interrelationships between different indicators 

obtained in the context of surgical castration performed on a total of 580 3-4 days old piglets. Indicators 

included several parameters of piglet vocalizations and resistance movements recorded during the 

procedure, as well as saliva cortisol concentration, social motivation, home-pen behaviours, and 

response to human presence observed in the post-surgical phase. The data, obtained from two 

experimental studies, were computed in correlation matrices using Spearman rank correlations, and in 

principal component analyses (PCA). Principal components obtained in the PCAs were analyzed in 

mixed models including procedure type (castration without anesthesia, castration with prior 

administration of a procaine-based local anesthetic, sham handling) as explanatory variable, and piglet 

weight, age, and time of day of the procedures as covariates. Each type of indicator (vocalization, 

resistance movement, cortisol, social motivation, social behaviour and human test) loaded on separate 

principal components in the PCA, and showed relatively low correlation coefficients among each 

other, indicating a variation in the response explained by the indicator types. Even within a certain 

type of indicator, specific parameters were, in several cases, suggested to explain different elements 

of the piglet response. For instance, within vocal parameters, vocal intensity explained a different 

pattern than the number of calls emitted or the total call duration. In addition, strong correlations 

between certain indicators provided further insights into their interpretation in relation to pain and/or 

stress. Saliva cortisol concentration was for instance found to be related to piglets’ post-surgical 

behaviour rather than their acute response to castration. Overall, the results point to the importance of 

careful consideration of the differences that exist among different indicators and highlight the need for 

further methodological research in that domain. 

Key words: Behaviour, piglet, pain, stress, multi-modal recording 
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1. Introduction 

In conventional husbandry, young piglets undergo a number of mutilating procedures within the 

first week of their life. Among these is surgical castration, the removal of the testes primarily 

performed to prevent the development of boar taint but also to  reduce aggressive behaviours later in 

their life (Bonneau et al., 1992; Rault et al., 2011). Surgical castration is considered  a significant 

welfare concern, due the pain involved in the procedure and the following healing process (e.g. Taylor 

and Weary, 2000; Hay et al., 2003; Sutherland et al., 2012). Different pain mitigating strategies are 

currently implemented globally, including the use of different combinations of analgesia, local 

anesthesia, and/or general anesthesia (Bonneau and Weiler, 2019). The potential of these methods to 

improve welfare has been studied extensively in the last decades see review by Sheil and Polkinghorne 

(2020), but despite numerous reports on the effects of the interventions, discussion remain regarding 

the efficacy and sufficiency of these methods (Rault et al., 2011; Bonneau and Weiler, 2019).  

This lack of clear conclusions can partly be explained by a large variation in the methodology used 

to record indicators of pain and/or stress, greatly limiting the validity of comparisons between studies, 

including the potential of performing of meta-analyses and other analytical assessments across studies 

(Dzikamunhenga et al., 2014; Sheil and Polkinghorne, 2020). This situation hinders the formulation 

of a consensus for best practice for pain relief (Bateson, 1991). In addition, the welfare impact of 

castration has been measured using a wide array of indicators, ranging from acute behaviours (such as 

vocal responses (Marx et al., 2003; Marchant-Forde et al., 2009) and resistance movements (Prunier, 

2002; Leidig et al., 2009; Marchant-Forde et al., 2009) to physiological parameters (such as β-

endorphin (Marchant-Forde et al., 2009; Walker et al., 2004)) cortisol (Prunier, 2002; Carroll et al., 

2006; Llamas Moya et al., 2008), and ACTH (e.g., Prunier, 2002)), post-operative behaviours (such 

as prostration, huddling up and activity (Hay et al., 2003; Llamas Moya et al., 2008)), and performance 

indicators (such as weight gain (Hay et al., 2003; Carroll et al., 2006; Sutherland et al., 2012) and 

mortality (Hansson et al., 2011; Bonastre et al., 2016)), among others (as reviewed by Sheil and 

Polkinghorne (2020)). While this variety allows for far-reaching coverage of the potential impacts of 

the procedure (some aspects still remain under-studied; Coutant et al., 2022c), and lives up to 

recommendations for a multi-dimensional assessment (Leliveld et al., 2016; Baysinger et al., 2021), it 

may also be a limiting factor for valid comparisons across studies of piglet pain and stress responses. 

Moreover, concluding on the welfare impact of a procedure as evaluated by use of a multi-

dimensional approach can be challenging. In most studies, conclusions seem to be formulated based 

on patterns observed across indicators, in a quantitative approach. In other terms, the more indicators 



Results 
 

141 
 

that seem to point in a certain direction, the more this effect seems plausible. Other methods include 

ranking of the indicators based on perceived relevance for pain and/or stress recording (O’Connor et 

al., 2014). Yet, with limited knowledge on the relative importance of the different indicators, and with 

on-going debates over the interpretation of certain indicators, one must be particularly careful while 

drawing conclusions. For instance, the plasma concentration of cortisol has been used for decades as 

an indicator of acute responses to castration (e.g., Keita et al., 2010; Kluivers-Poodt et al., 2012; 

Bonastre et al., 2016), and is often perceived as an important indicator for evaluation of pain relief 

strategies (O’Connor et al., 2014). Yet, recently it has been proposed that this indicator may relate 

more to the arousal component of the acute response than to the affective component of the involved 

pain (Ede et al., 2019), implying that cortisol may rather be used to evaluate the overall impact of a 

procedure in terms of handling and/or fixation, than the efficacy of a certain drug to relieve acute pain. 

Similarly, home-pen behaviours have been used in various papers as a mean to evaluate the pain 

response to castration (e.g., Hay et al., 2003; Baysinger et al., 2021). Yet, some of the behaviours 

recorded, such as tail wagging or scratching, are debated in terms of affective significance in that 

context (Reimert et al., 2013), and may result from phenomena distinct from pain, such as itch or 

discomfort (Sheil and Polkinghorne, 2020). In addition, the consequences of the pain mitigating 

strategy under review, e.g., potential effects of the drug on thermoregulation and proprioception, are 

not always fully recognized (Coutant et al., 2022c), and may lead to wrongful interpretation of e.g., 

shivering or activity levels. This lack of consensus on the significance of certain indicators opens may 

lead to  potential misinterpretation of results (Sheil and Polkinghorne, 2020). The potential mismatch 

between responses recorded and conclusions drawn may have important consequences with regards to 

the steps taken to mitigate castration pain and/or stress, as different solutions will be advanced whether 

the procedure is shown to be painful, stressful, or leading to physiological reactions. 

Thus, accurate evaluation of pain mitigating strategies in the context of piglet castration remains 

constrained by a limited consensus regarding the significance and interpretation of certain indicators. 

The present paper takes the advantage of a large dataset obtained in studies of piglet castration using 

different pain mitigating treatments, and follows a novel approach to explore the potential relationship 

between different types of indicators used to evaluate the welfare impact of different castration 

procedures in piglets. The data used in the paper were extracted from two large-scale studies examining 

effects of two methods of procaine-based local anesthetic injection, four intervals between drug 

injection and castration, and two drug volumes on piglets’ acute responses and post-procedural 

behaviours. Differences between the experimental treatments have been  reported (Coutant et al., 
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2022a, 2022b, 2022c) and will not be further discussed. Focus will be given to piglets’ response to 

castration, evaluated based on vocalization characteristics and count of leg resistance movements 

during the procedure, post-castration saliva cortisol response and a test of social motivation after 

castration, behaviours upon return in the home-pen, vocalizations in a post-castration human-animal 

relationship test, and handling score obtained 6h after the procedure. In total, 40 parameters from 7 

main indicator types were included and analyzed, with the aim to bring further insights into their 

interpretation in terms of stress and/or pain, and thus their use in a multi-modal approach examining 

welfare consequences of the procedures. 

2. Materials and methods 

The two studies underlying this paper have already been described in Coutant et al. (2022a, 

2022b, 2022c). In this section, a short description of the materials and methods is provided. For 

further details, refer to these papers, 

2.1. Ethical and other permits 

The experimental studies underlying this paper were performed in compliance with the EU 

Directive 2010/63/EU for animal experiments, the Ministry of Food, Agriculture and Fisheries, and 

The Danish Veterinary and Food Administration under act 474 of 15. May 2014 and executive order 

2028 of 14. December 2020. The two experiments were approved as clinical trials by the Danish 

Medical Agency (Reference number 2020061784 (Study 1) and 021043561 (Study 2). All procedures 

were ethically evaluated and approved by the Danish Animal Experiments Inspectorate (Approval 

numbers 2019-15-0201-00263 (Study 1) and 2021-15-0201-00906 (Study 2)).  

2.2. Animals 

Data were collected in July-October 2020 (Study 1) and June-September 2021 (Study 2). Both 

studies were conducted in the same Danish conventional herd producing crossbred (Landrace & 

Yorkshire x Duroc) piglets housed with the sow in farrowing pens (3.1 × 2.8 m). Piglets included were 

3 to 4 days of age on the day of data collection (with day 0 defined as the day of birth of the live last 

piglet in a litter), weighing between 0.94 and 2.68 kg. All experimental piglets were clinically healthy, 

free of overt anatomical malformations or signs of lameness, and only sows with a rectal temperature 

below 39 °C could be included. Within litters, either six (Study 1) or five (Study 2) male piglets were 

included in the studies. Distribution of experimental treatments was balanced across litters, 

experimental days, and experimental weeks. 
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Experimental piglets could be cross-fostered in the first days of life, up to 24 h prior to 

experimentation. Non-experimental littermates could be cross-fostered up to the morning prior to 

castration. Experimental piglets were not ear tagged, tail docked, or teeth clipped before castration, 

and were administered a NSAID (intramuscular injection of 0.3 mL Melovem, 5 mg/mL, Dopharma, 

the Netherlands) as analgesic within 24 h after castration, after completion of the data collection.  

2.3. Study design 

On the day of castration, experimental piglets were weighed. Saliva samples were taken 

approximately 35 to 40 min before bringing the piglets to the testing area, a calm room outside of the 

farrowing room. Piglets were injected with the local anaesthetic, castrated or sham-handled one by 

one, respecting a randomised testing order, and following a predefined schedule ensuring that the 

experimental intervals between procedures were respected. During all procedures, piglets were fixated 

while lying on their back, in a commercially available castration bench (Unitron A/S, Kolding, 

Denmark) modified to increase the possibility for piglets to vocalize and move their front legs, as 

explained in Coutant et al. (2022a). In-between procedures, piglets were returned to the heated box 

with their littermates. A detailed description of the procedures of intra-funicular and intra-testicular 

injections of local anaesthetic, castration and sham-handling can be consulted in Coutant et al. (2022a). 

 

Figure 1. Diagram of the recordings performed during Study 1 and 2  

The figure illustrated the study design for Study 1 and Study 2. The piglets were brought together with their littermates 

in the castration room, anesthetized and castrated one by one, then individually subjected to the social motivation 

test prior to be placed back in their home-pen. In Study 1, piglets were individually subjected to a saliva sampling 
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17 min after castration, then placed back in the pen and left undisturbed until being brought back individually to the 

corridor outside of the farrowing room for human-animal testing and saliva sample 6 after castration. They were 

then brought back to the pen and left undisturbed. In Study 2, the piglets were observed continuously for 10 min upon 

return in the home-pen after the social motivation test. After saliva sampling 17 min after castration, the piglets were 

left undisturbed in the pen. Figure by M. Coutant. 

Immediately after castration or last sham handling, piglets were individually subjected to a 3 min 

social motivation test performed in the corridor outside the farrowing room (Study 2 only). After the 

test, each piglet was brought back to his home-pen, where continuous behavioural observations were 

performed for a duration of 10 min upon placement in the pen (Study 2 only). On average 17 min after 

castration or last sham handling, a second saliva sample was taken in the farrowing unit. Later in the 

afternoon, approximately 6 h after castration, piglets were individually subjected to a human-animal 

relationship test followed by a handling test, and a last saliva sample was taken for cortisol 

determination (Study 1 only; Fig. 1). 

 Study 1 

A total of 597 piglets were assigned to one of thirteen treatments (Table 1): Surgical castration 

without local anaesthesia (CC), intra-funicular injection of 0.5 mL of local anaesthetic per testicle and 

subsequent castration after 2.5 min (IF02), 5 min (IF05), 10 min (IF10) or 30 min (IF30), intra-

testicular injection of 0.5 mL of local anaesthetic per testicle and subsequent castration after 2.5 min 

(IT02), 5 min (IT05), 10 min (IT10) or 30 min (IT30), sham handling with two stays in the bench 

without tissue damage inflicted, separated by 2.5 min (SH12), 5 min (SH15), 10 min (SH10) or 30 min 

(SH30). 

Table 1. Description of the 13 treatment groups involved in Study 1 

 IF02 IF05 IF10 IF30 IT02 IT05 IT10 IT30 CC SH12 SH15 SH10 SH30 

PT AA AA AA AA AA AA AA AA CC SH SH SH SH 

IM  IF IF IF IF IT IT IT IT - SH SH SH SH 

TI 2.5  5  10 30  2.5  5  10  30  - 2.5  5  10 30 

N 50 50 50 49 50 49 50 49 50 50 25 25 50 

PT, procedure type: AA, castration after injection of local anaesthesia, CC, castration without anaesthesia, SH, sham 

handling. Apart from CC (control castrated), all treatments are a combination of a method of injection (IM): IF, 

intra-funicular injection, IT, intra-testicular injection, SH, sham handling, and time interval between injection and 

castration (TI, min): 02, 2.5 min; 05, 5 min; 10, 10 min; 30, 30 min. N, number of piglets tested per treatment. 
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 Study 2 

A total of 290 piglets were assigned to one of five treatments (Table 2): Castration without local 

anaesthesia (CC), intra-testicular injection of 0.5 mL of local anaesthetic per testes and subsequent 

castration after 5 min (IT05), intra-testicular injection of 0.3 mL of local anaesthetic per testes and 

subsequent castration after 5 min (IT05V03), sham handling with no tissue damage inflicted with one  

(sham castration; SH1) or two stays in the castration bench with a 5 min interval (sham anaesthesia 

and sham castration; SH2). 

Table 2. Description of the five treatment groups involved in Study 2 

 IT05 IT05V03 CC SH1 SH2 

Procedure type AA AA CC SH SH 

Injection method IT IT - - SH 

Time interval (min) 5  5  - - 5  

Stay in the bench 2 2 1 1 2 

Volume injected (mL) 0.5 0.3 - - - 

N 58 58 58 58 58 

PT, procedure type: AA, castration after injection of local anaesthesia, CC, castration without anaesthesia, SH, sham 

handling. IT05, castration 5 min after intra-testicular administration of 0.5 mL of drug per testis; IT05V03, castration 

5 min after intra-testicular administration of 0.3 mL of drug per testis; SH1, sham handling with one stay in the 

bench; SH2, sham handling with two stays in the bench.  

2.4. Data collection 

Vocalisations 

Piglets’ intra-procedural vocal responses were recorded during each procedure, using a 

microphone (Sennheiser E614, Sennheiser, Wennebostel, Germany) fixed 30 cm ahead of the piglet’s 

snout, at the level of the head of the piglet. The microphone was connected to an amplifier (Audiobox 

USB® 96, PreSonus, Louisiana, USA) connected to a computer, from which recordings were manually 

started and stopped upon piglets’ placement and removal from the castration bench. All vocal files 

were analysed by an observer, blinded to the experimental treatments, using Raven Pro 1.6 

bioacoustics analysis software (Cornell Lab of Ornithology, Ithaca, New York, USA), and vocal 

characteristics of the calls were recorded and analysed for each procedure (Table 3, see methodology 

in Coutant et al., 2022a). 
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Table 3. Description of the vocal parameters analysed for each piglet during injection of local 

anaesthetic, castration, or sham handling, all performed while the piglet was in the castration 

bench 

Parameter (unit) Description 

Call proportion Proportion of time spent vocalising during the procedure, 

calculated as call duration /procedure duration 

Call per second 

(s-1) 

Number of calls per s of the procedure. 

Mean call 

duration (s) 

Average duration of a call during the procedure, calculated 

as sum of call durations / number of calls. 

Mean energy (dB) Average energy, calculated as an average of the energy of 

each call during the procedure. 

Max energy (dB) Maximum value of energy recorded for all calls during the 

procedure. 

Max power (dB) The maximum power recorded for all calls during the 

procedure, relative to the specific recording set-up. 

Max amplitude 

(U) 

Maximum absolute value of sound wave (signal) recorded 

for all calls during the procedure. 

Sum of entropy 

(kilobits) 

Aggregated disorder of a call obtained by analysing the 

energy distribution within each call. Higher entropy 

values correspond to greater disorder in the sound 

whereas a pure tone would have zero entropy (Charif, 

Strickman and Waack, 2010). 

Max entropy 

(kilobits) 

Highest value of disorder recorded for all calls during the 

procedure. 

Average entropy 

(kilobits) 

Average disorder recorded within all calls. The value 

corresponds the average of the averages entropy recorded 

for each call. 

 

Resistance movements 

Four distinct types of front leg movements were recorded during each procedure using a camera 

(GoPro HERO7 Black, GoPro, San Mateo, California, USA; 60 frames per sec, FPS) placed on a stand 

30 cm to the right of the castration bench, approximately 50 cm above the bench. Video footage were 
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observed by two observers, blinded to the experimental treatments, at low speed (5 FPS) using the 

Behavioural Observation Research Interactive Software (BORIS; Friard and Gamba, 2016), and the 

occurrence of each type of behaviour (flexion, extension, kick, and blow; Table 4) was counted for 

each front leg in the interval between closing and opening of the castration bench, following a method 

developed by Coutant et al. (2022a). In addition, duration of blocking in the bench, corresponding to 

a leg being unable to move due to physical blocking, was also recorded. Resistance movement 

parameters were transformed from count to average count per s, taking into consideration the duration 

of the procedure and the duration of legs being blocked. In addition, the four types of movements were 

summed into a total count of movement per s. 

Table 4. Description of the leg resistance movements recorded during injection of local 

anaesthetic, castration, or sham handling, all performed while the piglet was in the castration 

bench 

Category Description 

Flexion Piglet vertically bends his front leg, provoking a flexion of the 

elbow of at least 90 degrees. 

Extension Piglet fully extends his front leg while lowering the head in the 

bench. May be accompanied by trembling of the leg and/or by a 

subtle lift of the piglet’s back. 

Kick Piglet front leg performs a sudden upwards movement, changing 

from a flexion to a tense upwards position. 

Blow Piglet suddenly draws back his front leg forwards or backwards 

for at least half a bench length, from a normal upright position to 

an extended position, with little or no flexion of the elbow. 

Leg 

blocked 

Piglet's front leg is blocked in the bench cone, preventing 

movement. 

Each leg was scored separately. 

Saliva cortisol concentrations 

For baseline, one saliva sample was collected per piglet, while in the home-pen, on average 35 

- 40 min (40 ± 12, Study 1; 35 ± 14, Study 2) before the initiation of the first procedure. For changes 

in saliva cortisol in response to the procedures, one sample was collected per piglet on average 17 (± 

9, Study 1; ± 1, Study 2) min after castration, and again approximately 6 h after castration (5 h 47 min 

± 26 min, Study 1 only). A cotton swab (Salivette®, Sarstedt, Aktiengesellschaft & Co., Numbrecht, 
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Germany) was cut in pieces (of approx. 2.0 × 0.5 cm), soaked in concentrated apple juice (nectar from 

concentrated juice, min 60%, Rynkeby Foods A/S, Ringe, Denmark) for 1 h, and dried in an electric 

oven at 60°C for 5 h. During sampling, the cotton swab was fixed at the end of a straight pean, and 

gently introduced into the piglet’s mouth, while the piglet was held in the experimenter’s arms. The 

cotton was lightly rotated in the piglet’s mouth for 30 to 45 s, with insistence around the salivary 

glands. This procedure was performed by one of four trained experimenters, blinded to the 

experimental treatments. The sample was then placed in an experimental tube (provided as part of the 

Salivette®), labelled, and stored at -18°C until cortisol concentration determination at the departmental 

laboratory, according to the method described in Coutant et al. (2022a). 

Social motivation 

Immediately after castration, piglets were individually subjected to a 180 s social motivation 

test, as described in Coutant et al. (2022c). The test was performed in an arena (2.4 × 0.8 m) placed in 

the corridor outside the farrowing room. The behaviour of piglets during testing was video-recorded 

using a camera (Logitech HD Pro Webcam, Logitech, Lausanne, Switzerland) placed approximately 

2 m above the arena and connected to a computer. Two experimenters, blinded to the experimental 

treatments, observed the video recordings and recorded the latency to reach the littermates (s) using 

stopwatches. In addition, the footage was analysed using a tracking software (Lolitrack 5 – 2D 

tracking, LoligoSystems, Viborg, Denmark) to determine the speed (cm/s) and distance walked (cm) 

by each of the piglets. 

Home-pen behaviour  

 In Study 2, immediately upon return to the home-pen, piglet behaviour was recorded by a single 

experimenter standing in front of the pen, by use of a hand-held computre (PsionWorkabout, Psion 

PLC, London, UK). Behaviour was recorded continuously during 10 min by focal sampling for each 

pig, based on an ethogram (Table 5) developed by Coutant et al. (2022b). The ethogram included 

behavioural states (active, active at the udder, resting, huddled up, prostrated) and events (shivering, 

tail wagging, rump scratching, self-scratching, seeking sow, play boot).  
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Table 5. Ethogram used during continuous observation of piglet behaviour upon return to the 

pen 

Behaviour Description 

States 

Active  Behavioural state characterised by being physically active (walking, 

running, nosing, chewing.) except described in another category 

Active at the 

udder 

Nursing (with active milk intake), working for access to a teat, or active 

massaging or nosing of the udder 

Resting Sitting or standing motionless with the head above shoulder level, or 

lying, with eyes closed or open, legs not tucked under the body 

Huddled up Lying with at least three legs tucked under the body 

Prostrated Sitting or standing motionless with the eyes opened and the head down, 

lower than shoulder level 

Social huddling Lying/resting together with other piglets in such way that part of the 

body or the whole body is not visible by the observer 

Out Not visible by the observer 

Events 

Shivering Shivering (trembling) and/or quick and involuntary contraction of 

muscles under the skin (spasm). An event is defined as either one 

shivering/contraction or a set of contractions separated by less than 1 s 

Rump 

scratching 

Scratching the rump by rubbing it against the floor or the pen walls 

Self-scratching Scratching of the rump or lower belly area with a hind-leg 

Tail wagging Up and down or side to side movement of the tail, with a range 

superior to body width. An event is defined as either one movement 

or a set of movements separated by less than 1 s 

Seeking sow Physically moving the body  (often associated with vocalisation) in 

direction of the sow’s head 

Playing Head shaking, jumping, running with bouncy movements, possibly 

involving other piglets (gentle nudging or pushing, mounting or 

chasing). An event is counted until the behaviour is stopped for a 

least 1 s or until the piglet performs another type behaviour.  
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Human-animal relationship test 

 In Study 1, approximately 6 h (5 h 42 min ± 25 min) after castration, piglets were individually 

subjected to a human-animal relationship test in the corridor outside the farrowing room. Each piglet 

was transported to the arena in a plastic box layered with straw (37 x 27 x 26 cm) and placed in the 

entrance area of the arena (Fig. 2). The arena consisted of a 3.4 x 0.8 m corridor, with, at one end, a 

seated observer wearing the same colour clothing as the technician who  performed the castration 

earlier in the day. The observer released the piglet into the arena by sliding the door of the entrance 

area (from her seated position), and the piglet was allowed 2 min to enter the arena (defined as two 

front legs out of the entrance area). If the piglet did not exit the entrance area within this interval, the 

HAR test was not performed. The test started upon entrance in the arena. During 2 min, the piglet was 

left undisturbed in the arena, and the frequency of each type of vocalisations were recorded using either 

a hand-held computer (PsionWorkabout, Psion PLC, London, UK) or a pen and paper, according to a 

pre-defined ethogram (Table 6). Both observers performing the test practiced identification of piglet 

vocalisations for 2h prior to the test, and showed a high inter-observer reliability with an intraclass 

correlation coefficient (ICC) close to 78% (95% confidence interval: 62-88%; comparing 10 audio 

recordings of the test). 

 

Figure 2. Arena used for human-animal relationship test 

Table 6. Ethogram used during recording of piglet vocalisations during the HAR test 

Vocalisation Description 

Short grunt Low tone of less than half a second (one note) 

Long grunt Low tone of more than half a second (one note) 

Grunt-squeal Low tone that transforms into a high tone 
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Squeal High tone (different notes) 

Scream High, long and loud tone, often as long as an 

expiration 

Bark Low tone that sounds like ‘wuff’ 

 

Handling score 

 Immediately after the end of the HAR test, the observer quietly stood up and walked towards 

the piglet. The piglet was picked up, and held in the observers’ arms for 30 s. During this process, 

the observer evaluated the piglet´s response to handling based on a scale defined in Table 7. The 

scores for vocalizations and movements during pick-up and once in the arms were then summed up 

into a total handling score. 

Table 7. Scale used to determine the handling score immediately after the end of the HAR 

Score 1-3 4-6 7-9 

During 

pick-up 

Vocalizations No vocalization Grunt(s) and 

squeal(s) 

Scream(s) 

 Movements Completely calm Some struggle A lot of struggle and 

escape attempt(s) 

Once in 

the 

arms 

Vocalizations No vocalization Grunt(s) and 

squeal(s) 

Scream(s) 

Movements Completely calm Some struggle A lot of struggle and 

escape attempt(s) 

The handling score is calculated as sum of vocalization and movements scores recording during pick-up and once 

in the arms. 

2.5. Data handling 

Some piglets were removed from the dataset due to technical issues related the recording of certain 

indicators or to the health status of the piglet (Fig. 3). All datasets excluded piglets with missing value 

for one or more indicator, as missing values are not compatible with the applied type of multivariate 

statistical analysis. Baseline cortisol concentration (prior to the interventions) was not included in the 

analysis as this variable is not considered a response. Considering that the two studies included 

different indicators, three datasets were created: Study 1 (including 406 piglets and 29 variables), 
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Study 2 (including 174 piglets and 40 variables), and Study1+2, combining indicators present in both 

studies (including 611 piglets and 20 variables; Fig. 3). 

Figure 3. Flow diagram of the number of piglets tested for each type of indicator in Study 1 and 

Study 2, and resulting number of piglets for the corresponding datasets 

 
Items with slipped corner represent the number of piglet removed at a particular stage and the corresponding 

reasoning.  

2.6. Statistical analysis  

In the first step of the analysis, all variables included in a dataset were integrated into a Spearman 

correlation matrix with a significance level of 0.05. All correlation matrixes are available in 

supplementary materials. For ease of analysis, graphical representations of these matrices were 

obtained in the form of heat maps, showing only correlations of statistical significance (Figs. 4-6).  

Relationships among indicators within a dataset were then further investigated using a Principal 

Component Analysis (PCA). If needed, variables were either square root transformed or 

logarithmically transformed prior to the PCA to reach normality. The concentration of saliva cortisol 

6 h after castration (Study 1) was not included in the analysis due to a higher risk of misrepresentative 

results related to the inclusion of repeated measures in the multivariate analysis (Budaev, 2010). All 

variables were then entered into a PCA with orthogonal (varimax) rotation (REF). Indicators showing 

a MSA (measure of sampling adequacy) below 0.3 were removed step-wise from the analysis, until 

reaching an overall MSA over 0.6. Principal components (PCs) with an eigenvalue above one were 
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retained. If this method resulted in the number of PCs superior to 4, the scree plot was assessed to 

determine a logical cut-off point, with the objective of explaining at least 55% of the overall variation 

across all retained PCs. Main components for each PC were determined as loadings superior to 0.6 or 

inferior to -0.6. 

Potential impacts of procedure type (castration after injection of aesthetic, castration without prior 

anesthesia, sham handling, see Tables 1 and 2), piglet weight, age, or time of day on each PC were 

then investigated. PCs obtained for each dataset were included in mixed models including procedure 

type, weight, age, hour of day as exploratory variables and litter as random effect. Satterthwaite’s 

approximation of denominator degrees of freedom was used. Pairwise comparisons between procedure 

types were performed with p-values adjusted for multiple comparisons using the Tukey-Kramer 

method. Deviations from assumption of normality and variance homogeneity were monitored visually 

by plotting residuals at each step.  

Correlation matrices were obtained by R Studio (R Core Team, 2022). All other analysis were 

performed using SAS 9.4 (SAS Institute Inc., Cary, North Carolina, USA). All data used for statistical 

analysis can be consulted in the dataset in supplementary materials. Descriptive measures are presented 

as average ± standard error. 

3. Results 

 

3.1. Correlations between indicators 

R values for each correlation are available in Supplementary materials. For the sake of 

simplicity, strong correlations (R values > 0.5) are only reported in this section. 

 Study 1 

Correlations among all parameters within indicators recorded in Study 1 can be seen in Fig. 4. 

Strong positive correlations were found between all parameters within the resistance movements 

indicator, at the exception of blow per s (R < 0.4). Within the vocalizations indicator, strong positive 

correlations were found between the parameters mean call energy, max call energy, max call power 

and max call amplitude. Sum of call entropy was also strongly correlated with the number of calls per 

s (R = 0.8), while mean call energy was positively correlated to call proportion (R = 0.6). Latency to 

reach littermates in the social motivation test was negatively correlated to piglet speed in the test (R = 

0.8). No strong correlations were found between the resistance movements indicator and the 

vocalisations indicator. Significant correlations were found between certain parameters, though (e.g., 
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calls per s and total number of resistance movements per s), but the strength of the correlations was 

relatively weak (R < 0.2). Results of the social motivation test did not strongly correlate with the 

resistance movements nor vocalisations during castration, neither did the indicator reporting 

vocalizations during the HAR.  Lastly, the post-castration saliva cortisol concentrations  did not 

correlate strongly with any of the other recorded indicators, although relatively weak correlations were 

found between the number of squeals and grunt-squeals in the HAR test (R < 0.2), the distance walked 

in the social motivation test (R = 0.1), and the cortisol concentrations 6h after castration (R = 0.2). 

 Study 2 

Correlations among all parameters recorded in Study 2 can be seen in Fig. 5. As in Study 1, 

positive correlations were found within the parameters of the resistance movements indicator, at the 

exception of blow per s (R ≤ 0.5). Strong, positive, correlations were found between most of the 

parameters reporting vocalizations, at the exception of calls per s (R > 0.4 with all parameters except 

sum of call entropy), maximum call entropy (R < 0.2), sum of call entropy (R ≤ 0.5) and average call 

entropy (R < 0.4). Latency to reach littermates in the social motivation test was negatively correlated 

to the speed while moving during the test (R = -0.7). None of the behaviours observed during the 

home-pen observation showed a strong correlation to each other, though the number of observations 

of shivering was positively correlated to the duration of resting (R = 0.4), and the number of rump 

scratching was significantly related to the number of tail wags observed (R = 0.4).  

Most of the vocal parameters showed significant correlations with parameter of resistance movements 

during castration, at the exception of average call duration and maximum call power. Although the 

strength of the correlations was not categorized as strong, the correlation coefficients exceeded the 

ones observed in Study 1 (0.2 < R < 0.5). Overall, neither the indicator reporting the social motivation 

test nor the behavioural indicator obtained during the home-pen observations strongly correlated with 

the acute indicators (resistance movement and vocalizations) recorded at castration. As in Study 1, the 

post-castration cortisol concentration did not correlate significantly with any of the indicators recorded 

at castration, but weak correlations were found with some post-castration behaviours, such as distance 

walked in the social motivation test (R = 0.1), duration of huddling up (R = -0.1), or the occurrence of 

rump scratches (R = 0.1). 
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Figure 4. Heat map of the correlations among all parameters in Study 1 

 

Pairwise correlations between indicators are represented as a square. White coloring indicates a non-significant 

correlation (P<0.05). Colored squares indicate a significant correlation. The color scale on the right side of the 

figure is used to indicate the strenght and direction of the correlation.  

Figure 5. Heat map of the correlations among all parameters in Study 2 

 

Description, see Fig. 4 
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 Study 1 and 2 combined 

Correlations among all parameters recorded in Study 1 and 2 combined can be seen in Fig. 6. As 

seen when analysing Study 1 and 2 separately, parameters of resistance movements were strongly 

correlated with each other, at the exception of number of blows per s (R < 0.5). Vocal parameters 

relating call energy, call power and call amplitude were strongly correlated, but were not significantly 

or not strongly related to parameters of call entropy (p > 0.05 or R < 0.4). Maximum, average and sum 

of call entropy strongly correlated with the number of calls per s (R > 0.5). Latency to reach littermates 

in the social motivation test correlated negatively with the speed of movement during the test (R = -

0.7). Again, significant correlations were found between indicators of vocalisation and resistance 

movements, at the exception of average call duration and maximum call power parameters, though 

correlation coefficients were relatively weak  

Figure 6. Heat map of the correlations among parameters common to Study 1 and Study 2 

 

Pairwise correlations between indicators are represented as a square. White coloring indicates a non-significant 

correlation (P<0.05). Colored squares indicate a significant correlation. The color scale on the right side of the 

figure is used to indicate the strenght and direction of the correlation.  

(R < 0.2). Similarly, some significant correlations were observed between parameters of the social 

motivation test (latency to reach siblings and speed of movement) and vocalisation parameters, but 

correlation coefficients did not exceed R=0.2. Post-castration saliva cortisol concentration did not 
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relate to any other indicator, at the exception of a weak correlation with the distance walked in the 

social motivation test (R = 0.1).  

3.2. Principal component analysis (PCA) 

 Study 1 

When examining data from Study 1, the principal component analysis resulted in six PCs 

explaining, together, 56.2% of the total variation in piglet responses (Table 8). The first component, 

PC1, was exclusively loaded with parameters reflecting vocal intensity, i.e., max call energy, mean 

call energy, and max call amplitude. PC2 reflected piglets´ resistance movements during the procedure, 

and included all types of foreleg movements at the exception of the behaviour called blow. PC3 was 

loaded with factors reflecting piglets’ social motivation after castration, namely speed of movement, 

distance walked, and latency to move and to reach littermates. PC4 included vocal parameters related 

to the number of calls emitted during the procedure, i.e., calls per s and sum of call entropy. PC5 

reflected the number of vocalizations during the HAR test, with loadings on the total number of 

vocalizations and the number of squeals emitted during the test. Lastly, PC6 was exclusively loaded 

with average call duration during castration.  

 

Table 8. Loadings of the three principal components (PC) obtained for Study 1 

Indicators PC1 PC2 PC3 PC4 PC5 PC6 

Cortisol -0.08 -0.04 -0.09 0.22 0.01 -0.40 

Resistance per s 0.05 0.92 -0.03 0.10 0.05 -0.01 

Flexion per s 0.01 0.87 -0.03 0.10 0.01 -0.06 

Kick per s -0.02 0.68 -0.03 -0.01 -0.02 -0.05 

Extension per s 0.09 0.81 0.01 0.04 0.02 0.04 

Blow per s -0.02 0.39 -0.04 0.02 -0.12 0.24 

Call proportion 0.55 0.05 0.20 0.50 0.06 -0.26 

Call per s 0.04 0.11 0.01 0.92 -0.01 0.06 

Average call duration 0.05 0.01 -0.04 0.24 0.09 0.68 

Max energy 0.89 -0.01 0.02 0.13 0.02 0.11 

Mean energy 0.83 0.10 0.04 -0.14 0.12 -0.24 

Max power -0.86 0.01 -0.07 -0.09 -0.04 -0.17 

Max amplitude 0.83 0.05 0.01 0.13 0.01 0.14 

Max entropy -0.52 0.04 0.12 0.25 0.03 0.42 

Sum entropy 0.08 0.11 0.02 0.88 0.02 0.03 
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Avg. entropy 0.09 -0.03 0.16 -0.05 0.23 -0.16 

Speed -0.08 0.05 -0.78 -0.05 0.15 -0.12 

Latency to littermates 0.02 -0.03 0.91 0.10 -0.05 -0.16 

Distance -0.08 -0.05 0.60 0.12 0.06 -0.39 

Latency to move 0.04 0.01 0.64 -0.04 -0.07 0.22 

Squeal 0.07 -0.06 -0.04 0.10 0.79 0.01 

Scream -0.03 0.04 0.04 -0.13 0.55 0.07 

Bark 0.02 0.01 -0.09 0.04 -0.06 -0.08 

Total vocalisations -0.02 0.01 -0.28 0.21 0.67 0.01 

Handling score 0.21 -0.02 -0.07 -0.01 0.24 0.03 

Eigen values 3.9 9.0 2.5 2.1 1.4 1.2 

% of variance explained 15.6 12.0 10.0 8.1 5.6 4.5 

High loadings ( ≥ 0.6 or ≤ -0.6) are indicated in bold 

 Study 2 

Analysing the data from Study 2, the principal component analysis resulted in six PCs explaining, 

together, 60.4% of the total variation in piglet responses (Table 9). Similarly to Study 1, PC1 was 

loaded with parameters reflecting vocal intensity, i.e. max call energy, mean call energy, and max call 

amplitude, but also with the average call duration and call proportion during the procedure. PC2 

reflected piglets´ foreleg resistance during the procedure, at the exception of the behaviour called blow. 

PC3 loaded the post-castration saliva cortisol concentration, the duration of activity at the udder and 

resting in the home-pen after castration, and the number of shiverings recorded during the same period 

of time. PC4 was exclusively loaded with parameters of social motivation after castration, i.e., latency 

to start moving in the arena, speed of movement, and latency to reach the littermates. PC5 included 

the number of tail wags and scratching events recorded in the home-pen after castration. Lastly, PC6 

reflected the number of calls performed during the procedure, i.e., the number of calls per s. 

 

Table 9. Loadings of the three principal components (PC) obtained for Study 2 

Indicators PC1 PC2 PC3 PC4 PC5 PC6 

Cortisol 0.04 0.02 0.66 0.19 -0.07 -0.12 

Resistance per s 0.20 0.87 -0.06 0.08 0.16 -0.07 

Flexion per s 0.14 0.85 -0.03 -0.02 0.07 -0.06 

Kick per s 0.16 0.61 0.01 -0.02 -0.21 0.03 

Extension per s 0.21 0.69 -0.15 0.13 0.23 -0.01 



Results 
 

159 
 

Blow per s 0.24 0.30 -0.10 0.22 0.22 0.13 

Call prop 0.77 0.44 0.06 -0.01 0.05 0.01 

Call per s 0.12 0.55 -0.04 0.05 0.07 0.64 

Average call duration 0.79 0.07 0.07 -0.02 -0.01 -0.44 

Mean energy 0.87 0.11 0.01 -0.08 -0.02 -0.10 

Max energy 0.89 0.20 0.01 0.03 0.01 0.16 

Max power -0.82 -0.18 0.10 -0.02 -0.01 -0.22 

Max amplitude 0.86 0.23 -0.07 0.07 0.02 0.05 

Max entropy 0.10 0.55 0.04 0.04 0.02 0.10 

Sum entropy 0.41 0.50 0.06 0.03 -0.03 0.57 

Average entropy 0.51 0.41 0.08 0.05 -0.05 0.15 

Speed -0.02 -0.10 -0.12 -0.79 -0.10 0.26 

Latency to littermates -0.05 0.08 0.07 0.74 0.09 -0.11 

Latency to move 0.01 0.04 -0.06 0.79 -0.03 0.14 

Active at the udder (dur.) 0.04 -0.04 0.89 -0.11 -0.10 0.01 

Active (dur.) 0.06 -0.08 -0.33 -0.03 0.64 0.26 

Huddled up (dur.) 0.04 -0.05 -0.27 0.40 0.13 0.02 

Prostrated (dur.) 0.07 0.04 -0.02 0.45 -0.20 0.34 

Resting (dur.) -0.07 0.10 -0.85 0.06 -0.07 -0.04 

Seeking sow (count) -0.02 -0.15 0.03 -0.12 0.28 0.52 

Play bout (count) -0.19 0.15 -0.11 -0.05 -0.04 -0.07 

Tail wagging (count) 0.02 0.14 0.03 0.06 0.81 0.02 

Scratching (count) -0.03 0.09 0.03 0.09 0.78 -0.01 

Shivering (count) 0.06 0.02 -0.66 0.06 0.01 -0.06 

Eigen values 6.8 3.1 2.4 2.1 1.8 1.4 

% of variance explained 23.3 10.5 8.3 7.1 6.3 4.9 

High loadings ( ≥ 0.6 or ≤ -0.6) are indicated in bold 

 Study 1 and 2 combined 

Combining data from  Study 1 and 2, the PCA resulted in four PCs, explaining together 60.8% of the 

variation in piglet responses (Table 10). PC1 reflected vocal intensity, i.e., mean call energy, max call 

energy, max call power and max call amplitude. PC2 was loaded with parameters of foreleg resistance 

movements, excluding the behaviour called blow. PC3 was loaded with aspects of piglet vocalisations 

during castration, namely call proportion, calls per s, max call entropy, and sum of call entropy. PC4 
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was loaded with factors related to piglet social motivation after castration, i.e., speed of movement, 

distance walked during the test, and latencies to start moving and to reach the littermates.  

 

Table 10. Loadings of the three principal components (PC) obtained for the combined analysis 

of Study 1 and 2 

Indicators PC1 PC2 PC3 PC4 

Cortisol -0.06 0.01 0.03 0.12 

Resistance per s 0.11 0.98 0.08 -0.02 

Flexion per s 0.03 0.92 0.12 -0.02 

Kick per s 0.08 0.72 0.16 0.01 

Extension per s 0.16 0.79 -0.03 -0.01 

Blow per s 0.07 0.50 -0.06 0.02 

Call proportion 0.52 0.05 0.66 0.16 

Call per s 0.11 0.17 0.89 0.08 

Average call duration 0.32 0.05 -0.16 -0.09 

Mean energy 0.82 0.16 -0.19 -0.01 

Max energy 0.87 0.10 0.25 0.01 

Max power -0.85 -0.07 -0.27 0.01 

Max amplitude 0.86 0.12 0.16 0.01 

Max entropy -0.12 0.09 0.71 0.08 

Sum entropy 0.18 0.16 0.86 0.07 

Average entropy 0.02 0.15 -0.55 0.09 

Speed -0.09 0.02 0.01 -0.75 

Latency to littermates 0.03 -0.03 0.10 0.94 

Distance -0.05 -0.04 0.09 0.65 

Latency to move 0.03 0.09 -0.12 0.60 

Eigen values 4.9 2.8 2.4 2.1 

% of variance explained 24.4 14.0 12.0 10.5 

High loadings ( ≥ 0.6 or ≤ -0.6) are indicated in bold 

3.3. Analysis of PCs 

 

 Study 1 

All PCs were significantly impacted by the type of procedure (Table 11). In PC1 (vocal intensity) 

and PC2 (resistance), higher values were recorded in CC and AA than in SH. In PC3 (social 

motivation), higher values were recorded in SH compared to CC or AA. PC4 (vocal count) showed 



Results 
 

161 
 

significant procedure effect but none of the pairwise comparisons were significant. In PC5 (HAR 

vocalisations), higher PC values were observed in CC as compared to the other procedures. In addition, 

PC1 tended to be impacted by piglet weight (P=0.067 and P=0.024), with greater PC values recorded 

for heavier piglets, while higher values of PC5 were recorded in lighter piglets (P=0.024). PC2 and 

PC4, PC5 and PC6 were, or tended to be, impacted by piglet age (P=0.084, P=0.013, P=0.059, and 

P=0.026, respectively), with greater PC values recorded in 4 day old vs. 3 day old piglets. For all 

models, significant effects of litter were found. 

 Study 2 

As in Study 1, all PCs were significantly impacted by the type of procedure (Table 11), at the 

exception of PC3 (post-castration saliva cortisol, activity at udder and post-castration shivering). In 

PC1 (vocal characteristics), higher PC values were recorded in CC than SH. Higher PC2 (resistance 

movements) values were observed in AA and CC compared to SH. In PC4 (social motivation), higher 

PC values were recorded in SH than AA. Lower values of PC5 (post-castration tail wag and scratching) 

were observed in SH compared to AA. PC6 (vocal count) showed a tendency of an effect of type of 

procedure but none of the pairwise comparisons were significant. In addition, piglet weight tended to 

affect PC1 and PC2 (P=0.063 and P=0.062, respectively), and affected PC5 (P=0.043) with greater PC 

values observed in heavier piglets. As in Study 1, litter effects were significant for all models. 

 Study 1 and 2 combined 

Type of procedure significantly impacted all PCs. Higher PC1 (vocal intensity) and PC2 

(resistance movements) values were recorded in CC than in AA, with the lowest values observed in 

SH. In PC3 (vocal rate and call entropy), all procedure types differed, with higher values recorded in 

AA. Higher PC4 (social motivation indicators) values were recorded in AA compared to SH or CC. In 

addition, heavier piglets had significantly greater PC1 values (P=0.007). Age effects were significant 

for PC2, with greater values recorded in 4 compared to 3 days old piglets. Hour of day when 

performing the castration also tended to impact PC2, with greater values recorded later in the day. 

Table 11. Averages (± SE) PCs for each procedure type, in Study 1, 2 and 1 and 2 combined 

Study 1 - PCs 
CC 

(n=34) 

AA 

(n=269) 

SH 

(n=103) 
P 

PC1 (vocal intensity) 0.21±0.14a 0.09±0.06a -0.30±0.11b <0.001 

PC2 (resistance) 0.47±0.04a 0.17±0.05a -0.59±0.13b 0.025 

PC3 (social motivation) -0.77±0.16b 0.28±0.06a -0.48±0.09b <0.001 
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PC4 (vocal count) 0.20±0.28 -0.06±0.05 0.09±0.12 0.030 

PC5 (HAR vocalizations) -0.46±0.18b 0.01±0.06a 0.14±0.11a 0.011 

PC6 (call duration) -1.11±0.18c 0.20±0.06a -0.17±0.09b <0.001 

Study 2 - PCs 
CC 

(n=36) 

AA 

(n=69) 

SH 

(n=69) 
P 

PC1 (vocal characteristics) 0.53±0.11a -0.01±0.11ab -0.27±0.14b <0.001 

PC2 (resistance) 0.36±0.09a 0.30±0.08b -0.49±0.15b <0.001 

PC3 (cortisol, udder activity 

and shivering) 

-0.01±0.17 -0.01±0.11 0.02±0.13 n.s. 

PC4 (social motivation) -0.01±0.23ab 0.41±0.11b -0.41±0.08a <0.001 

PC5 (tail wag and scratching) 0.03±0.17ab 0.41±0.13a -0.42±0.08b <0.001 

PC6 (vocal count) 0.33±0.20 -0.09±0.11 -0.09±0.11 0.059 

Study 1+2 - PCs 
CC 

(n=76) 

AA 

(n=351) 

SH 

(n=184) 
P 

PC1 (vocal intensity) 0.45±0.09a 0.05±0.05b -0.28±0.09c <0.001 

PC2 (resistance) 0.67±0.08a 0.18±0.05b -0.63±0.07c <0.001 

PC3 (vocal rate and entropy) -0.83±0.06c 0.33±0.05a -0.28±0.07b <0.001 

PC4 (social motivation) -0.23±0.12b 0.28±0.05a -0.44±0.06b <0.001 

ab Different letters within a row indicate significant differences between procedure type; CC, castration without 

anaesthesia; AA, castration after injection of procaine-based local anaesthesia; SH, sham castration; n.s., non-

significant. 

4. Discussion 

The aim of this paper was to get further insights into the potential relationships between different 

types of indicators (and parameters within) of piglets’ response to surgical castration used to interpret 

the level of pain and/or stress involved. The methods of analysis, combining correlation matrices and 

multi-variate analysis, are exploratory, but allowed us to detect patterns across indicators types and 

within associated parameters. These will be discussed in terms of their usefulness and relevance as 

indicators of pain and/or stress.  

A first noticeable observation is the relative absence of correlations between the different types of 

indicators. While this pattern was expected between i.e., vocal parameters recorded during castration 

and response to the social motivation test, suggested to reflect elements of piglets’ motivational and/or 

physiological states distinct from the pain experienced during the procedure (Coutant et al., 2022c), it 

was rather unexpected for other types of responses. For instance, acute responses to castration, such 
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as  vocal parameters and resistance movements, were somewhat expected to correlate. Frequently used 

in combination to detect piglet’ response to castration and/or anaesthetic injection, the two types of 

recordings have been shown to lead to comparable patterns of response across different experimental 

treatments (e.g. Coutant et al., 2022a, Skade et al., 2021). Yet, despite showing some positive 

correlations, the two types of indicators loaded on different principal components, across analyses. 

This finding suggests that foreleg resistance movements and vocal parameters are expressions of 

different aspects of the piglets’ responses. Similarly, behavioural observations recorded upon return to 

the home-pen are often though to reflect, to some degree, the level of pain experienced in response to 

castration. Yet, none of the acute parameters showed strong correlations with any of the behaviours 

recorded in the pen. Although this outcome could be partly explained by the particular methodology 

of behavioural recording used in the study (e.g. relatively short duration of observation), it is somewhat 

in line with previous work showing no difference in home-pen behaviours following castration with 

or without anaesthesia (Hansson et al., 2011; Kluivers-Poodt et al., 2013). Lastly, saliva cortisol 

concentration following castration did not show a single significant correlation with any the parameters 

recorded during castration, despite its common interpretation as acute indicator (Molony and Kent, 

1997). 

Even within indicator types, the selection of the quantified parameters seems to be of importance. 

A clear distinction could for instance be detected between vocal indicators related to the maximum 

intensity of the calls (maximum energy, power or amplitude), the number of calls emitted (call 

proportion, sum of call entropy), and the average call duration. Percentage of variance explained by 

the principal component loading with maximum call intensity, and analysis of the differences between 

types of procedures for all principal components, suggest that call intensity may be more suitable, 

among these parameters, to record differences between castration treatments, as the different types of 

procedures did not led to significantly different number of calls in neither Study 1 nor Study 2, while 

analysis of average call duration in Study 1 led to contradictory results as compared to the other vocal 

indicators. This result is line with previous work on piglet pain-related vocalisations, suggesting that 

parameters describing a single event in the call, such as maximum call intensity, give better results 

than averages (Marx et al., 2003). Similarly, the number of foreleg blow movements did not load on 

any of the principal components in the multivariate analysis, indicating that this particular movement 

type did not significantly explain variation between piglets. Yet, this result could partly be explained 

by a relatively low number of recordings of this movement type as opposed to the other types, flexion, 

extension or kick. Overall, the different behaviours recorded in the home-pen showed poor correlations 
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within each other, although certain behaviours bear loadings in common principal components. This 

observation was somewhat expected, as the ethogram used for the behavioural observation included a 

combination of non-specific and castration-related behaviours, potentially affected by the procedures 

at different degrees. Spontaneous or non-specific behaviours such as resting, nursing, or general 

postures have for instance been shown to poorly reflect piglets’ response to pain mitigating strategies 

at castration, while castration-related behaviours such as prostration or rump scratching have been 

shown to more be relevant (Sheil and Polkinghorne, 2020). 

It is also noticeable that a number of indicators seem to be impacted by piglet age or weight. While 

this result could be explained by differences in piglets’ responses to the procedures based on their 

physical characteristics, the lack of consistency of these effects across principal components, and 

studies, limit this interpretation. As suggested previously (Coutant et al., 2022a), a likely explanation 

relates to the physical capacities of the piglets to express some of the recorded behaviours. Heavier 

piglets may for instance have a larger thoracic cage allowing the expression of more intense calls, 

while their weight may affect the fit in the castration bench, and, indirectly, the capacity to express 

foreleg resistance movements. However, in order to reach a better comparability between studies of 

pain and stress, our results stress the importance of correctly determine and present the age and weight 

of tested piglets in the papers. 

In addition, the strength of the present correlations between different indicators were somewhat 

impacted by the study design and/or number of piglets involved. For instance, stronger correlations 

between resistance movements and vocal parameters were observed in Study 2 as compared to Study 

1. While this result could be an artefact related to the number of piglets and/or the nature of the 

indicators incorporated in the correlation matrices, it could also relate to the nature of the treatments 

included in the two studies. Indeed, analysis of the acute responses to the different experimental 

treatments showed stronger reactions in Study 1 as compared to Study 2, potentially because Study 1 

included a number of anaesthesia treatments shown to be poorly effective at castration (see Coutant et 

al., 2022a), while Study 2 included a larger proportion of sham-handled piglets and, overall, a milder 

response at castration (see Coutant et al., 2022b). Although speculative, this observation could indicate 

that the nature of the experimental treatments tested, and their expected degree of impact on the piglets, 

could impact the choice of indicators and how they relate to each other. This warrants further study.  

Altogether, these results highlight the importance of carefully choosing indicators, as they may 

greatly influence the outcome of a particular study. In other words, the chosen indicators (and 
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parameters) may reflect different underlying mechanisms, and are therefore not interchangeable. This 

observation encourages further description of the reasoning behind the choice of indicators used to 

quantify piglets’ response to castration (which, to the best of our knowledge, is often lacking in the 

literature) and draws attention towards careful interpretations of results. The specific set-up of a given 

study, i.e., number of piglets per experimental treatment and expected variation between treatments, 

should always be taken into consideration. In addition, the terms used to interpret each indicator should 

be carefully evaluated. Simply put, vocal parameters, resistance movements, cortisol concentrations 

and home-pen behaviours (to only cite those) cannot all be qualified as ‘pain responses’, since they 

seem to be somewhat independent from each other. These indicators likely explain different aspects 

of the piglet response to the procedure, and interpretation and labelling as ‘pain’, ‘stress’, or other 

defined states remains complex until the parameters are further validated.  

Precise description of the underlying mechanisms of each indicator is out of the scope of this paper, 

and requires further validity studies, although limitations inherent to the recording of subjective 

emotional states will remain (Weary et al. 2017). Yet, strong correlations between certain indicators 

allow for discussion as to the phenomena to which they relate. For instance, the fact that salivary 

cortisol concentration after castration loaded together with activity at the udder, resting and shivering 

in the home-pen, may supports the hypothesis that cortisol may not record acute response to the 

procedure, but rather relate to the post-surgical state. In addition, the principal component on which 

these indicators loaded did not significantly differ between procedure types, suggesting that pain was 

not the main underlying mechanism. Rather, the combination of these indicators could be interpreted 

as a form of physiological reaction to the procedure, potentially involving thermoregulation and 

activity level. Further studies involving cortisol sampling in response to handling and/or drug 

administration alone are required to examine this possibility.  Similarly, the fact that tail wagging and 

scratching loaded together on a principal component seems to discard the hypothesis that tail wagging 

is an indicator of positive emotion in the context of castration (Reimert et al., 2013). Rather, the 

combination of these two indicators and the difference in their occurrence among procedure types may 

be interpreted as an indicator of  discomfort in the hind area caused by the castration, including under 

with local anaesthesia. Lastly, the number of vocalisations performed during the human-animal 

relationship test, and more precisely the number of squeals recorded, did explain a small percentage 

of the variation in piglets’ responses to castration. This principal component did not relate to any other 

indicator, and the vocalisations alone showed poor correlations with the other types of indicators. The 

hypothesis that this test reflects piglets’ experience to castration (Waiblinger et al., 2006), was 
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therefore not validated by these results, although a different response was observed for castration 

without anaesthesia as compared to the other procedures. Compared to earlier work (e.g., Tallet et al., 

2019), these results may potentially be explained by the specifics of the testing set-up implemented 

(e.g., no habituation, voluntary entrance the arena) and by the relatively low age of the piglets tested. 

As mentioned above, in the absence of a gold-standard to record pain and stress during and after 

piglet castration, multi-dimensional recording approaches are of interest. To conclude on the present 

results, they suggest that the selection of the nature of the indicators and of the precise behaviours 

recorded is sensitive, and potentially yield to different results and conclusions. This paper draws 

attention toward a careful consideration of the differences that exist among different indicators, and 

consequently towards the importance of nuancing interpretation and avoiding simplified labelling of 

the responses recorded. The patterns described in the paper may be related to the specify of the 

indicators used in the studies, but this work is a first step toward further understanding of the 

underlying mechanisms of various behavioural and physiological  responses recorded in studies of 

castration. Such knowledge is crucial in order to avoid misinterpretation of results and to improve the 

evaluation of the welfare impact of castration and related pain-mitigating procedures.  
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6.6. Supplementary results 

 

 Piglet acute responses to each stage of the injection and castration procedures  

During injection and castration, different stages of the procedures were defined and recorded, in 

order to further investigate piglet responses to each of these stages. This study was originally planned 

to be integrated to the thesis. However, assimilating analysis of these stages to over 1000 video and 

audio data in an automatic manner proved extremely complex and poorly reliable, and was therefore 

abandoned. As an alternative, the data were given to a student, Malaurie Coulon, who manually 

compared the observations of piglet foreleg resistance movements and timing of the events for Study 

1, as part of an internship under supervision from the author. 

Malaurie’s study included descriptive statistics of the duration of each stage of the procedures. 

Injection of the local anesthetic took on average 7.2 ± 7 s [min 3 s; max 15 s] with a comparable 

duration between injection of the left and right testis. Importantly, this timing differs from the duration 

of injection reported in the papers/manuscripts included in this thesis, as it doesn´t include 

placement/removal in the castration bench, or any other manipulation. Incision and extraction of the 

testis took approximately 6.2 ± 7 s [3; 31], while cutting of the spermatic cord lasted 4.5 ± 7 s [2; 15] 

on average, with a comparable timing between left and right testis (Fig. 16).  

 
Figure 16. Distribution of the duration of injection with the local anesthetic and incision and 

extraction of the testis in Study 1  

Duration of injection with the local anesthetic (averaged over left and right testes), n=395; Duration of incision and 

extraction of the testis (averaged over left and right testes), n=442. 

The number of foreleg movements per stages were calculated for each experimental treatment, 

but for the sake of space, this section focuses on IT05 (injection of 0.5 mL of drug using IT injection), 

IF05 (injection of 0.5 mL of drug using IF injection), and CC (control castrated without anesthesia). 

The results are presented as number of resistance movements per second, and therefore take the 
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duration of the procedure into consideration. Unfortunately, the student did not provide accurate data 

regarding standard deviation. 

Overall, piglet responses to injection of the local anesthetic, incision and extraction of the testis, and 

cutting of the spermatic cord are comparable among stages, with a slight tendency to greater response 

to processing of the left testis (first side to be injected, incised and cut) than the right testis (Fig. 17). 

It is noticeable, though, that piglets from IF05 had, numerically, a lower response to incision and 

extraction of the testes than to cutting of the spermatic cord. 

 

Figure 17. Average number of resistance movements per second for each stage of the 

procedure 

IT05, intra-testicular administration of 0.5 mL of drug per testis and subsequent castration (n=49). IF05, intra-

funicular administration of 0.5 mL of drug per testis and subsequent castration (n=49). CC, castration without 

anesthesia (n=50), Inc and ext, Incision and extraction of the testis. Left refers to the left testis, right to the right 

testis. From Study 1. 

 Piglets’ foreleg movements during the procedures 

Although the foreleg resistance movements were analyzed as a total count of movements per 

procedure in the manuscripts/papers associated with the thesis, four distinct types of movements were 

recorded in each video clip: extension, flexion, kick and blow (see Paper I and II). The prevalence of 

each of these movements is described below. 

Overall, all types of movements were recorded in all experimental treatments, with a comparable 

proportion (e.g. Fig. 18). Blows were the least observed (5%), followed by kicks (10%), extensions 

(39%) and flexions (46%). 
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Figure 18. Occurrence of the four different types of resistance movements at castration for three 

treatments of Study 2  

V05, intra-testicular administration of 0.5 mL of drug per testis and subsequent castration (n=55). CC, castration 

without anesthesia (n=58), SH5, sham handling at 5 min interval (n=57).  

 Testes weight  

In Study 2, after castration, piglets’ testes were cleaned (surrounding tissues removed) and 

weighted (accuracy 0.01 g, scale model not available). Importantly, the weighing took place after 

castration, and therefore after injection, so the local anesthetic may still have been in the testes and 

counted for some part of the weight. 

 

Figure 19. Distribution of testes weight after castration in Study 2  

V05, intra-testicular administration of 0.5 mL of drug per testis and subsequent castration (n=55 pigs, n=110 testes). 

V03, intra-testicular administration of 0.3 mL of drug per testis and subsequent castration (n=56 pigs, n=103 testes). 

CC, castration without anesthesia (n=58 pigs, n=116 testes). The piglets were 3 to 4 day old and weighted between 

1.0 and 2.5 kg at castration.  
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Figure 20. Weight of piglet versus weight of combined testes in Study 2 

The analysis includes 169 piglets of 3 to 4 day old, weighing between 1.0 and 2.5 kg at castration. 

 

 

Figure 21. Occurrence of resistance movements in function of the testes weight for injection of 

V05 (top left) and V03 (top right), and for castration (bottom) of the piglets included in Study  2 

V05, intra-testicular administration of 0.5 mL of drug per testis and subsequent castration (n=55 pigs). V03, intra-

testicular administration of 0.3 mL of drug per testis and subsequent castration (n=56 pigs, n=103 testes). CC, 

castration without anesthesia (n=58 pigs). The piglets were 3 to 4 day old and weighted between 1.0 and 2.5 kg at 

castration.   
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Individual testes weighted between 0.1 and 1.4 g each, and, for the piglets castrated without prior 

injection, between 0.1 and 1 g. As expected, testes were lighter in the controls castrated without 

anesthesia, and numerically heavier in the treatment group injected with 0.5 mL of the drug (Fig. 19). 

The testes weight (combining both testes for each pig) was numerically correlated to piglet weight, but 

the strength of the correlation appeared numerically weak (Fig. 20). 

Potential relations between the response to injection and testes weight were also investigated, 

using a simple graphical representation of the weight of the combined left and right testes and number 

of resistance movements recorded during the procedure. The graphs show a pattern for a greater 

response to injection in piglets with lighter testes, although the trend seems less visible when piglets 

were injected 0.3 mL of the drug (Fig. 21).  

At castration, the weight of the testes did not seem to impact piglet response, however so far only 

observed graphically. Yet, this primarily analysis warrants further, statistical, analyses, potentially in 

parallel with an analysis of the intactness and potential signs of tissue damage and rupture of the testes, 

to better understand the impact of anesthetic injection. 

 Side effects and status of the castration wound 

In both studies underlying this thesis, potential side effects observed during injection and castration 

were recorded, in accordance with the clinical trial permits. No events were recorded in Study 1, but 

in Study 2, two piglets, from V05 and SH5, were removed from testing due to visible signs of sickness 

(numbness, skin discoloration). Both had a visible amelioration of their status in the following hours. 

Whether this is true side effects of the drug injection cannot be confirmed as it may also be related to 

their general health condition, but the temporal coincidence was apparent.  

 

Figure 22. Prevalence of red and/or swollen castration wound in the morning after testing in 

Study 1 
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In addition, in Study 1, the castration wounds were observed in the morning following testing, prior to 

administration of the NSAID. Piglets with red and/or swollen castration wounds were recorded by a 

blinded experimenter (Fig. 22). Overall, redness and/or swelling was, numerically, observed more 

recurrently in piglets castrated under local anesthesia as compared to castration without anesthesia. 

 Piglets’ home-pen behaviours 35 min after castration 

As mentioned in the materials and methods section, in Study 1, the behaviour of the piglets were 

video recorded in the home-pen up to 5h after castration. Although these data were not analyzed as 

part of the manuscripts/papers underlying the thesis, due to methodological and logistic limitations, a 

part of the videos were studied by a student, Julia Martin, during an internship supervised by the author. 

The analysis included continuous, focal, behavioural observation (Bateson and Martin, 2021) of 

260 piglets (20 per treatment), from return to the home-pen, for a duration of 35 min. Importantly, 

piglets were taken out of the pen for saliva cortisol sampling approximately 10 min after return, and 

later put back. The observation period was stopped at that moment, and started again upon placement 

of the piglet back in the pen. The ethogram used for the observations was similar to the one used for 

the live observation in Study 2 (see Paper III), although the creep area was closed, and some behaviours 

such as trembling, prostrated, or huddled up were removed, as they were too difficult to identify from 

the video recordings. The data were analyzed statistically using mixed models including treatment as 

main effect, age and weight as covariates, and litter as random effect. A brief summary of results is 

presented below. 

Piglets spent on average 10 minutes at the udder during the 35 minutes that followed their 

return to the pen after castration. Piglets anesthetized using the IT method spent significantly more 

time at the udder (14 ± 10 min, SD) as compared to piglets anesthetized with the IF method (9 ± 7 

min), if a 5 min interval was used between injection and castration. Interestingly, all piglets from IT05 

were recorded active at the udder at least once, and spent overall more time at the udder (14 ± 10 min, 

SD) than IT02, IT30 or CC (7 ± 7 min), although the difference was not significant after adjustment 

for multiple comparisons. Reversely, IT05 piglets spent less time in the piglet creep (12 ± 10 min) than 

IT02, IT10 or CC (20 ± 7 min). Summing all types of active behaviours, IT05 piglets were found more 

active than any other treatment (on average 18 min of activity out of 35 min of observation). Durations 

of resting and standing inactive did not differ significantly among treatments, nor did the frequency of 

rump scratching. 
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Based on those results, Julia concluded in her report that IT05 was a preferable method of local 

anesthetic injection as compared to the other treatments investigated. 

 Human-animal relationship test 

In Study 1, approximately 6 h after castration, piglets were subjected to a human-animal 

relationship (HAR) test in the corridor outside of the farrowing room. The test was video recorded, 

but, due to time limitation, the videos could not be analyzed as part of the thesis. Instead, a part of the 

videos was analyzed by a student, Camille Vanbauce, supervised in collaboration with Céline Tallet 

(INRAE, France). Due to time constraints, Camille watched the videos for three treatments, considered 

most likely to show differences: IT05, CC, and SH, combining SH05 and SH10, for a total of 149 

piglets observed. During video observation, the test area was divided into three zones (around the 

sitting observer, in the middle of the arena, in the other end of the arena, see Fig. 11), and the following 

indicators were recorded: 

- Time spent in the entrance area 

- Latency to reach the experimenter´s zone 

- Time spent in each zone 

- Number of crossing for each zone 

- Activity (sum of number of crossing from a zone to the other) 

The data was analyzed in R Studio statistical software version 1.4 (RStudio Team, 2020) using a mixed 

model including treatment as main effect, age and weight as covariates, and litter as random effect. 

The analysis showed no difference among treatments for any of the recorded indicators, but highlighted 

a significant relationship between activity of the piglets in the test and number of vocalizations 

recorded during the test (p <0 .001, R=0.3, see ethogram in Paper IV).   

Count of vocalizations were analyzed in a mixed model similar to the one used for the indicators 

obtained from the video recordings. A significant treatment effect was found (p < 0.001), with a higher 

count of vocalizations recorded in SH30 (101 ± 33) and SH10 (101 ± 36) as compared to SH02 (81 ± 

36). Analyzing different types of vocalizations separately, a similar pattern was found with a higher 

count of grunts (short or long) observed in SH30 (84 ± 27) compared to SH02 (69 ± 31). Although the 

difference did not reach statistical significance, a higher prevalence of piglets performing at least one 

squeal was also observed in SH30 (88%) as compared to SH02 (64%).  

The handling score did not differ among treatments, but was significantly impacted by the weight 

of the animal (p < 0.05), with increased scores recorded in heavier piglets. 



Results 
 

177 
 

 Relation between suckling behaviour pre-testing and response to castration 

In Study 1, video cameras were installed above the home-pens, and started to record a few hours 

prior to castration. These data were considered an opportunity to further investigate potential 

explanations behind individual variation observed in response to the studied procedures. A student, 

Emma Chartrain, analyzed part of the videos to determine the duration and timing of the last suckling 

bout prior to testing, and investigated whether a shorter interval between milk intake and castration 

correlated with a reduced acute response to the procedure. We hypothesized that taking part in udder 

massaging would not influence piglets’ response to later anesthesia or castration, but that milk intake 

prior to the procedures could alleviate piglets’ responses, due to the analgesic effect of the glucose and 

galactose present in the milk (based on the work of e.g., Slater et al., 2010; Davis et al., 2017). 

Emma observed a total of 171 piglets across different treatments of Study 1, approximately 2 hours 

prior to the piglets being transported to the testing area, using continuous focal sampling (Bateson and 

Martin, 2021).   

In this time span, piglets spent on average 23 min performing udder massage, and only 33 s suckling. 

The duration of massaging or suckling were found to have no effect on piglets’ response to anesthesia 

nor castration, as measured by foreleg movements during the procedures and saliva cortisol 

concentrations after the procedures. Piglets’ last massage and/or suckling bout ranged from more than 

2h to less than 5 min prior to anesthesia. Yet, the interval between last massage and/or suckling bout 

and anesthesia/castration did not significantly impact the piglets’ responses to the procedures. 

Overall, Emma concluded that neither udder massage nor suckling seem to present any analgesic 

effect in the context of piglet surgical castration. While this observation may be due to the limitations 

of observing suckling behaviour on video (as already discussed previously), it is also possible that the 

analgesic effect of lactose is short lasting, and only effective if administered immediately prior to the 

procedure.
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7. Discussion 

The first section of this chapter addresses the efficacy of the anesthesia treatments, based on the 

findings discussed in separate papers/manuscripts. This section then focuses on the specific topics of 

individual differences and post-surgical side effects, prior to discuss the welfare impact of surgical 

castration with local anesthesia from a broader perspective. This is followed by a section addressing 

the implication of this research for pain recording in piglets in terms of choice and interpretation of 

the indicators and experimental factors to consider. The last section focuses on the methodology of 

recording pain and stress developed in the thesis. Benefits, limitations, and potential means of 

improvement are discussed for each indicator.  

7.1. Welfare impact of local anesthetic injection and subsequent castration 

a. Effects of the different anesthesia protocols 

One way to limit the pain experienced by piglets during castration is by injecting local anesthetics 

prior to the procedure. As further documented by the studies underlying the thesis, the injection in 

itself is aversive, and the potential for the currently licensed procaine-based local anesthetics to 

efficiently relieve piglet pain during castration remains questioned.  

As explained in Paper I, the first experiment underlying the thesis investigated the method of 

injection of the local anesthetic, comparing intra-testicular administration to the recommended intra-

funicular method. From the beginning, it was unclear whether the intra-testicular method would reduce 

piglet responses, as requiring shallower injections, or alternatively lead to enhanced responses, maybe 

due to increased intra-testicular pressure. The results showed that the two methods did not lead to 

significantly different responses. In addition, as expected, efficacy of the two methods did not differ 

significantly at castration, in line with previous conclusions reported in older piglets under light 

halothane or isoflurane anesthesia (Haga and Ranheim, 2005; Söbbeler et al., 2022). Nevertheless, in 

a 3-D reconstruction of the diffusion of lidocaine following different methods of injections, a more 

consistent distribution of the drug to the testes, spermatic cord and abdominal cavity of piglets was 

reported with the intra-testicular injection as compared to the intra-funicular method, though this study 

only involved few piglets (Fig. 23, Söbbeler et al., 2022). In addition, in our study, the intra-testicular 

method was considered easier and somewhat faster to administer, and may potentially be less harmful, 

as requiring shorter needles, as already suggested by Skade et al. (2021). Considering that farm staff 

must administer the anesthetic to multiple individuals in a relatively short time-frame, potentially 
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holding the piglets on their laps, this method also appears more practically applicable as compared to 

the more complex intra-funicular technique. Importantly, however, regardless of the method of 

administration, injection of the local anesthetic led to signs of pain and stress, in line with previous 

reports across different types of anesthetics and piglet ages (Abendschön et al., 2020; Saller et al., 

2020; Skade et al., 2021). 

 

Figure 23. 3D-reconstruction of the distribution of lidocaine when administered intra-

testicularly (A) or intra-funicularly (B).  

The injected liquid was a combination of water-soluble X-ray contrast medium and lidocaine hydrochloride. The 

images were recorded using a CT scanner, 2 min after injection. A, anterior, H, head, R, right, F, feet. Figure and 

caption from Söbbeler et al., (2022). 

In addition to the comparison of the two injection methods, the first study involved 

investigation of the effects of the time interval between injection and castration, which has so far 

received limited scientific attention (Courboulay et al., 2018; Kongsted et al., 2018). The experimental 

treatments included intervals of 5 and 10 minutes, as recommended by the drug manufacturer, as well 

as a shorter interval of 2.5 min, and a longer 30 min interval. The results confirmed the use of the 

recommended intervals, as piglets showed reduced vocal responses at castration performed 5 or 10 

min after injection as compared to the other intervals. However, these results did not validate the 

previous conclusions of Courboulay et al. (2018), suggesting a 30 min interval, and are somewhat in 

contradiction with the suggestion that procaine-based drugs require a relatively long onset of action, 

ranging from 10 to 30 min (Courboulay et al., 2018). Overall, a gap seems to exist between textbook 

material on the pharmacokinetics of procaine (Pugh, 1991 and Garcia, 2015) and the characteristics of 

products presently available on the European market. In a recent paper, Söbbeler et al. (2022) took 

another approach to determine the required interval between injection of a procaine-based anesthetic 
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(the same as the one used in the studies for this thesis) and castration. Starting from 1 min after 

injection, the sensitivity of the scrotal skin was repeatedly assessed by rubbing it with a soft material. 

Castration was performed when the piglet showed no response to scrotal stimulation (as quantified by 

foreleg movements) or after a maximum of 15 min. The results showed that piglets injected with 0.3 

mL of the drug were, according to these criteria, castrated approximately 7 min after injection, while 

all piglets injected with 0.5 mL of drug reached the maximum 15 min interval. Although the relevance 

of assessing scrotal sensitivity to determine the onset of action of the drug injected intra-testicularly, 

as well as the specific design of the study (involving a weight-adjusted dose of anesthetic for one 

treatment and a fixed dose for another treatment) can be questioned, this study highlighted a potential 

interaction between volume and/or dose of drug injected and interval of action to castration. This 

matter was not investigated in our studies, in which effects of the drug volume and time interval to 

castration were evaluated in separate experiments, considering that a relation between volume or dose 

of the anesthetic and onset of action was not expected. Further studies are therefore warranted to clarify 

this effect. Besides the efficacy of the drug at castration, in our study, the overall duration of the 

procedure (including injection, castration, and the waiting time in between), correlated positively with 

the saliva concentration of cortisol and is thus also of importance. In that regard, if the anesthetic 

efficiency does not differ between 5 and 10 min intervals, respecting a 5 min interval between injection 

and castration may be advantageous for piglet welfare.  

Applying our conclusions for the first study, the second study underlying the thesis investigated 

the impact of the volume (or dose) of drug injected intra-testicularly 5 min prior to castration. This 

study examined piglets’ responses to injection of 0.5 mL vs. 0.3 mL of the procaine-based local 

anesthetic per testis, and to subsequent castration. As mentioned in Paper II, at injection, the two 

different drug volumes did not differ significantly in terms of piglet responses, although, numerically, 

injection of 0.3 mL led to less powerful calls and a lower number of foreleg resistance movements 

than when 0.5 mL was injected. This result is line with our expectation that injection of a lower volume 

of drug would decrease intra-testicular pressure, and therefore reduce piglet pain and stress responses 

(Allmendinger et al., 2015). Yet, the scale of this effect was lesser than expected, since the difference 

between the two volumes did not reach statistical significance for any of the parameters recorded. In a 

recent paper, a significant increase in the occurrence of leg movements (as measured with a 3-point 

visual scale) was recorded in piglets during intra-testicular injection with 0.5 mL as compared to 0.3 

mL of procaine-based local anesthetic (Söbbeler et al., 2022). However, in the same study, the 

difference in responses between injection of 0.5 and 0.3 mL of saline was considerably reduced. This 
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result suggests that the increased response of piglets to injection of a higher volume of drug may be a 

consequence of the drug itself rather than an increase in intra-testicular pressure per se. Further 

quantification of the intra-testicular pressure resulting from different volumes of local anesthetic 

injection are however needed to validate this assumption.  

In Study 2, at castration, administration of 0.3 mL of anesthetic led to responses that often did not 

differ from those of the controls castrated without anesthesia, indicating a poor efficacy to mitigate 

piglet acute pain. A comparable result was recently reported in piglets injected with the same procaine-

based anesthetic, using the same two volumes (Söbbeler et al., 2022). Therefore, based on these results, 

injection of 0.5 mL of drug per testis seems preferable, although the piglets still appeared to experience 

pain at castration when this volume was used, as compared to sham handling.  

b. Overall responses to local anesthetic injection and castration 

As discussed in Papers 1-2, the results of the studies underlying the thesis suggest the use of an 

intra-testicular injection of 0.5 mL of drug for local anesthesia, 5 min prior to castration. While this 

method appears most efficient among the tested alternatives, its impact on piglet welfare deserves 

further attention. 

Irrespective of the method of administration and volume, the injection of the local anesthetic led 

to signs of pain, with piglets showing a 35% increase in proportion of calling during the procedure, a 

37% increase in vocal energy, and more than a 100% increase in the occurrence of front leg movements 

as compared to sham handling. This observation is in line with prior reports showing that penetration 

of the needle through the scrotal skin and teste, and subsequent injection of the drug, triggers pain 

responses (Haga and Ranheim, 2005). This effect may be enhanced with procaine-based anesthetics, 

as authors have previously suggested that the low pH of the solution may trigger a burning sensation 

upon injection (Scollo et al., 2021). This phenomenon was recently confirmed in a study showing 

increased response of piglets to injection of procaine (pH 3.7, using the same product as in Study 1 

and 2) as compared to lidocaine (pH 5.0) or mepivacaine (pH 5.5), as measured by parameters of heart 

rate variability (Söbbeler et al., 2022). This could also explain why, in this same study, a stronger 

foreleg response of piglets was observed at injection of 0.5 mL of procaine as compared to 0.3 mL 

(Söbbeler et al., 2022). The scale of the response to injection should be rightfully considered; in this 

thesis, across both experiments, the responses of the piglets to injection were numerically comparable 

to their response to castration under local anesthesia, as also reported by Haga and Ranheim (2005). 
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As shown in Paper II, at castration, anesthetized piglets showed a 22% reduction in call proportion 

and a 27% reduction in vocal energy as compared to the controls castrated without anesthesia. Yet, the 

two experimental treatments did not differ in terms of front leg movements or call proportion (at least 

for Study 2), indicating limitations in the efficacy of the local anesthesia procedure. In addition, 

regardless of the difference when compared to the control castrated, piglets anesthetized prior to 

castration still displayed a level of resistance movements more than doubled compared to sham-

handled piglets, highlighting the presence of pain, despite the use of anesthetics.   

Pain responses at castration under local anesthesia can be induced by the incision of the scalpel through 

the scrotal skin and spermatic fascia (Taylor and Weary, 2000). A response to this particular stage 

would be expected following intra-testicular injections of a local anesthetic, considering that the drug 

is injected into the testes rather than in the surrounding tissues (as compared to the ‘push and pull’ 

approach of the intra-funicular method). It is worth mentioning that administration of the local 

anesthetic onto the skin was not prioritized during the development of the intra-testicular method, due 

to prior reports of the poor efficacy of procaine to desensitize the scrotal skin (Abendschön et al., 

2020). Nevertheless, preliminary analysis of motor responses per stage of the procedure for Study 1 

showed that piglets injected with the intra-funicular method, thus with a drop of drug left on the skin, 

had a numerically lower response to incision and testis extraction than piglets injected with the intra-

testicular method (Fig. 17). This finding may indicate that leaving a drop of anesthetic on the scrotal 

skin may enable some degree of relief at incision, although this matter warrants empirical 

confirmation. 

Piglets have also been reported to show a considerable response during the cutting of the spermatic 

cords, a phase earlier reported as the most painful at castration (Taylor and Weary, 2000). In the studies 

underlying the thesis, preliminary analysis of the piglets’ responses to different stages of the procedure 

suggested a numerically comparable response to the cutting of the spermatic cord among piglets 

castrated with or without anesthesia, regardless of the method of injection (although this result has not 

yet been confirmed statistically), potentially indicating a poor desensitization of the spermatic cords, 

despite the drug injection. Considering prior evidence that local anesthetics administered in the testis 

do diffuse to the spermatic cord (Ranheim et al., 2005), the poor efficacy of the procaine-based local 

anesthetic during removal of the testis could be attributed to limitations in the potency of the drug 

rather than the method of injection. It has, however, been suggested that responses to severing of the 

spermatic cord could also be the result of a lack of anesthesia of the cremaster muscle (surrounding 

the spermatic cords) in the case of intra-testicular injections (Skade et al., 2021). A 3-D reconstruction 
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of the diffusion of lidocaine following intra-testicular and intra-funicular injections confirmed a lack 

of diffusion through the tunica vaginalis and cremaster muscle, for both methods of injections (Fig. 

23, Söbbeler et al., 2022). Thus, future studies are needed to examine how to inject the local anesthetic 

to allow diffusion into these areas. Irrespectively, in light of the present results, the efficacy of 

procaine-based local anesthetics at piglet castration, as currently administered, remains arguable. 

The cumulative welfare impact of the procedure was, due to a lack of better alternative, 

evaluated by simply summing the number of calls, aggregated entropy, and foreleg movements 

recorded at injection and castration. When analyzed this way, the results showed that the combination 

of local anesthetic injection and subsequent castration recurrently led to increased behavioural and 

vocal responses as compared to castration without anesthesia. Of course, this type of analysis presents 

limitations, as it is presently not known whether subsequent pain experiences integrate (i.e., whether 

the procedures can be summed or should be integrated differently), as discussed later in this section. 

In addition, in this analysis, the duration of the procedures is not taken into consideration, introducing 

potentially important ceiling effects. Put simply, piglets can only vocalize so much during the 30 sec 

of castration, as compared to the 1 min of combined injection and castration. Yet, this assessment 

highlights the needs to consider the combined effects of injection and castration when evaluating the 

welfare impact of the procedure. Although this approach has been suggested and used by previous 

authors almost 14 years ago (Leidig et al., 2009), it remains absent from most studies evaluating the 

effect of local anesthesia prior to castration.  

In both studies underlying the thesis, the combined transport, introduction to a novel environment and 

placement in the castration bench elicited marked signs of stress. In fact, cortisol responses to the 

procedures did no differ, overall, among piglets castrated and sham-handled, highlighting the 

important impact of handling (at least this type of handling) alone - although methodological 

limitations also exist with regards to the interpretation of cortisol responses, as discussed in Papers 1 

and 2. The results of the human-animal test performed on the different sham-handled experimental 

groups also suggest that a longer overall handling time (including transport to the castration area, stays 

in the castration bench, and waiting in-between) led to increased frequency of vocalizations during the 

test, including high pitch calls. This observation may correlate with high stress levels in piglets handled 

for a longer time, potentially because removal from the home-pen and repeated manipulation is 

perceived as a negative experience. It is unfortunate that the human-animal test was not performed 

with piglets placed only once in the castration bench for sham-handling, as their potentially reduced 

response to the test would have been able to confirm this hypothesis. Nevertheless, these results 
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highlight the need for careful consideration of the implications of having to manipulate piglets for the 

injection of the local anesthetic. Besides the pain inflicted during needle incision and drug 

administration, we cannot exclude that the increased handling duration and prolonged time spent away 

from the farrowing pen may have consequences for the piglets. As mentioned in Chapter 5, a littermate 

was also transported to the castration room as social company, without being placed in the bench. This 

piglet could have been used as a sort of control for the effect of placement in the castration bench, 

though the choice of this individual was poorly standardized (some were females), which would limit 

the reliability of the comparison. 

An interesting approach to evaluate the relevance of local anesthetic injections would be to further 

understand how the perception of pain in piglets integrates across subsequent events. In other words, 

whether a negative procedure is perceived more or less aversive than the combination of two milder 

ones. This type of insight would allow a better quantification of the impact of castration with local 

anesthesia, and to model to what extent castration pain should be reduced to render the administration 

of local anesthesia worth it, from a simple mathematical point of view. Yet, although highly relevant 

for the evaluation of pain mitigation procedures, this knowledge is complex to access in non-human 

animals. Even in humans, limited literature can be found on the topic. Comparing human experience 

to two trials, one consisting of a 1 min exposure to cold water, the other including the same 1 min 

exposure to cold water and a subsequent 30 s exposure to mildly cold water, Kahneman et al. (1993) 

suggested that the worst felt discomfort and the level of discomfort at the end of the procedure are 

more important in the reporting of the aversiveness of an event than the total duration of exposure. If 

this is the case, these results would support the use of local anesthesia, but such a suggestion warrants 

further studies. In addition, other neurobiological elements, such as the potential sensitization or 

desensitization effects of the needle injections (i.e., affecting piglet pain perception at castration by 

either creating a negative expectation or a form of preparation), deserve further attention (see work on 

boundary effects of expectations of pain in human psychology, e.g. Hird et al. 2019). In our studies, 

responses to first and second sham-handling in terms of foreleg movements while in the castration 

bench were comparable, indicating no evidence of either habituation nor sensitization when it comes 

to stress responses, but further work is needed to evaluate this phenomenon with regards to pain.  

Is it finally noticeable that, in Study 1, red and/or swollen castration wounds were numerically 

more present in the morning following castration in piglets castrated with local anesthesia as compared 

to without. This observation could be explained by the nature of procaine, in the group of esters, which 

is known to induce potential reactions in the tissues surrounding injection, including skin irritation, 
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hives, dermatitis or allergies (Scollo et al., 2021). Importantly, these effects may be limited, in practice, 

by the anti-inflammatory properties of the NSAID administered prior to the procedure (Scollo et al., 

2021). As the NSAID was not given to the piglets until hours after castration in the present 

experiments, further studies are needed to verify this possibility. Regardless of these effects, however, 

if injection of the local anesthetic is painful and stressful due to handling, and resulting in arguable 

benefits at castration, the relevance of the procedure deserves further consideration. 

c. Individual variation in response to the procedure 

Averages are classical tools to compare different experimental treatments. Yet, it is also important 

to consider the distribution of piglet responses, in order to evaluate the efficacy of the drug over the 

whole tested population. The graphs below present histograms of a vocal parameter and foreleg 

movements in response to castration under local anesthesia administered intra-testicularly with 0.5 mL 

of the drug (V05, in blue) or without prior local anesthetic injections (CC, in red, Fig. 24).  

 

Figure 24. Histograms of the maximum vocal energy (dB, left) and count of resistance 

movements (right) recorded at castration  

V05, intra-testicular administration of 0.5 mL of drug per testis and subsequent castration (n=41 for vocalization 

recording (left graph), n=55 for resistance recording (right graph)). CC, castration without anesthesia (n=43 for 

vocalization recording (left graph), n=58 for resistance recording (right graph)), data from Study 2.  

Different elements are important to notice in relation to these graphs. First of all, even if the 

average response of the control castrated piglets was greater than the anesthetized piglets, this is not 

the case for all piglets. In fact, some anesthetized piglets showed a similar (in purple) or greater 

response to castration than the controls. In addition, when considering e.g., the maximum vocal energy 

expressed during the procedure, large differences can be observed within the group that was 

anesthetized prior to castration. While approximately half the piglets showed a vocal response below 
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250 dB, the other half showed a considerably higher response, which can be associated with substantial 

levels of pain and/or stress. These large individual variations are important to notice, report, and 

ultimately understand.  

Differences in piglet age and weight could be a first element of explanation. In fact, for many 

vocal parameters, the effect of piglet weight was significant in the statistical models, indicating that 

larger piglets responded more strongly to castration than lighter ones. Since all piglets were 

administered the same fixed volume of drug regardless of their weight, this finding could be the result 

of differences in the actual dose of anesthetic administered per kg, and consequently be due to variation 

in anesthetic efficacy at castration, as already suggested by Abendschön et al. (2020). Nevertheless, 

weight effects were not found across all reported indicators. In fact, such effects were mostly observed 

for vocal parameters. It is important to remember that piglets’ vocal capacities are somewhat correlated 

with the size and amplitude of their diaphragm, lungs, trachea and esophagus (Herbst, 2016), and 

therefore indirectly to their weight (Barsties et al., 2013). This could explain why positive weight 

effects were only recorded for vocal parameters, and why the same (positively-sided) effects were also 

observed at injection, despite our hypothesis that larger piglets, with larger testes, may experience a 

reduced intra-testicular pressure at injection, and therefore display a reduced response. This 

explanation is also supported by the presence of comparable weight effects in sham-handled piglets 

(with larger pigs showing a significantly increased vocal energy and power while in the castration 

bench, data not reported), despite the absence of drug administration. In addition, contradictory weight 

effects were recorded for saliva cortisol, with greater values observed in lighter pigs. Again, this result 

may be related to weight-dependent differences in saliva cortisol concentrations rather than differences 

in response to the procedures. As mentioned in a recent EFSA opinion on pig housing, there are 

currently no evidence that castration pain varies systematically among piglets of different ages (EFSA 

AHAW Panel, 2022), and, by extension, among piglets of different weights. Nevertheless, this 

observation may be the result of a lack of studies specifically investigating the impact of weight in  

acute responses of piglets to local anesthesia and castration.  

Another potential explanation underlying the observed individual differences is the substantial 

variation in the duration of the procedure. As mentioned in the supplementary results section (p. 170), 

incision of the scrotal skin and extraction of the testis took between 3 and 30 s - a considerable interval. 

Comparable differences were observed for the other stages of the procedure. Although the overall 

duration of the procedure did not appear to have a significant effect on the indicators based on the 

statistical analysis, it is worth noting that the duration of the procedure, when included in the statistical 
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models, involved the duration of placement and removal from the bench, potentially cofounding the 

effects of the duration of incision and testes manipulation per se. Overall, the relationship between the 

duration of castration (or injection of local anesthetic) and the magnitude of the piglet responses remain 

poorly understood. While results are often analyzed with the assumption that piglet responses increase 

somewhat linearly with every extra second of the procedure, a stronger, potentially exponential 

response, cannot be excluded. In that context, the large variation in handling time for both anesthesia 

and castration may represent a concern for animal welfare. From a practical point of view, this large 

variation highlights the complexity of the procedure to be performed by farm staff. The differences in 

duration needed to castrate did not appear to be related to piglet weight or age (no relationship between 

these factors and duration of procedure was found, either graphically nor statistically), but might have 

been linked to the anatomy of the piglets, their fit in the castration bench, and the level of bodily 

movement performed in response to the procedure (as observed during the experiment). Whether this 

is the case warrants further investigation. As already discussed in Paper I, the thesis did not aim at 

evaluating the ability of farm staff to perform the procedures, and all interventions were done by the 

same technician throughout the studies. Yet, if these studies are somewhat representative of the 

situation in practice, our results highlight the need for more applicable procedures, refined restraining 

techniques, and/or better training of the herdsmen. Importantly, our studies involved the use of a 

castration bench, which, over 10 years ago, was reported to be a common method of restraint across 

Europe (Fredriksen et al., 2009). Yet, already then, suspending the piglets by the legs was the most 

common method, while performing castration onto the handler’s lap was also popular (Fredriksen et 

al., 2009). In a recent paper, Lou et al. (2021) performed castration on piglets restrained by their hind 

legs and held upside down, and reported a duration of procedure of 33±1.2 s (SEM), thus, with a lower 

variation than in our studies. Yet, whether the method of restraint affects the duration of the procedure 

and/or the responses of individual piglets remains to be experimentally examined. 

Lastly, the differences observed among piglets within the same experimental treatment may 

simply have reflected individual differences in sensitivity and response to pain and/or stress. As 

already mentioned in the background section (p. 45), a piglet’s sensitivity to pain may be influenced 

by his genetics (as supported by the large differences between litters), his life experiences (including 

early experience of pain and stress such as crushing or repeated manipulation), but also his 

physiological status, mood, and affect at the moment of testing (Nielsen et al., 2009; Krause et al.,  

2017). According to our small pilot study, suckling patterns (and potentially associated lactose intake) 

in the hours prior to castration did not seem significant in that context, unlike previously suggested 
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(Davis et al., 2017). Further studies identifying why certain piglets appear more resilient to the 

castration procedure, and how this characteristic can be enhanced in other individuals, would be 

relevant.  

Overall, it is concerning that, despite providing some relief during castration, efficacy of local 

anesthesia seems to differ greatly among piglets, leaving some individuals with substantial signs of 

pain in response to the procedure. While further studies are warranted to better understand the source 

of this variation, and ensure adequate pain mitigation for all piglets, a discussion on the strategy to 

administer the same dosage and volume of a drug to a wide array of piglets also seems relevant. From 

a methodological point of view, understanding these factors of variation are additionally important for 

the design of future studies. Indeed, accounting for potential sources of variation in the design would 

lead to increased control and standardization, improving the statistical relevance of the results and/or 

reducing the need for large sample size, thereby allowing refinement of animal experiments (Guhad, 

2005). 

d. Post-surgical evidence of systemic effects of the local anesthetic  

In the studies underlying the thesis, following castration, piglets were subjected to a 3 min social 

motivation test. This novel test aimed to record motivational aspects of the state of the piglets in the 

minutes following the procedure. We hypothesized that piglets’ motivation to rejoin littermates would 

be affected by pain during and after castration, and, therefore, that the controls castrated without 

anesthesia would differ from the sham-handled controls, with piglets anesthetized prior to castration 

showing an intermediate response. As discussed in Paper III, the results were unexpected, as they 

showed comparable responses in control castrated piglets and sham handled piglets, and reduced 

responses in piglets injected with local anesthesia. This result was consistent across the two studies 

underlying this thesis. Interestingly, anesthetized piglets walked a distance that was similar or greater 

than the other experimental treatments during the 3 min test, indicating that their apparently reduced 

responses, interpreted as social motivation, was not the consequence of impaired locomotion. Rather, 

we propose that the different performance of piglets that were anesthetized prior to castration, despite 

the removal of the testes, may be the result of temporary systemic effects of the local anesthetic. This 

explanation is consistent with the observation that piglets castrated 30 min after injection did not differ 

from the controls, potentially because the drug was at least partly degraded at that time (the serum 

half-life of procain is short, approximately 1 to 1.5 hours, Committee for Veterinary Medicinal 
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Products, 1998), and with the finding that piglets injected with 0.3 mL, i.e., a lower dose of drug, 

showed performances closer to the controls in the test.  

In Study 2, immediately after the social motivation test, piglet behaviour was observed 

continuously for 10 minutes, upon return to the home-pen. Again, piglets anesthetized prior to 

castration showed different behavioural patterns as compared to the controls, with a tendency to 

reduced prevalence of ‘being active at the udder’ and an increased prevalence of huddling up, 

shivering, scratching and tail wagging as compared to sham-handled piglets. When piglets were 

administered 0.3 mL of the drug, the difference from the controls disappeared for the activity at the 

udder and huddling up, but not for shivering, scratching or tail wagging. Overall, these results are 

supporting the explanation of temporary systemic effects of the procaine-based local anesthetic drug. 

Upon injection, procaine hydrochloride rapidly diffuses into the bloodstream due to its vasodilative 

properties, especially if the injection site is highly vascularized (Committee for Veterinary Medicinal 

Products, 1998). Thus, although the anesthetic is injected in the testes, which are removed at castration, 

it cannot be excluded that the drug reaches the bloodstream. Reports of systemic effects of local 

anesthetics in the context of piglet surgical castration remain scarce in the literature, potentially 

because subtle affective and behavioural alterations in the minutes after castration remain poorly 

investigated. Nevertheless, this suggestion is in line with side effects described in other contexts. 

Indeed, the dose administered to piglets in our experiment (averaging 10-20 mg of procaine 

hydrochloride per kg) has been reported to lead to behavioural and cognitive impairments in other 

species, as further described in Paper III.    

In addition, when administered to neonates, local anesthetics may have a different pattern of action 

and degradation than documented in adults. Indeed, in humans the concentration of plasma proteins, 

to which the local anesthetic binds, is reduced in neonates as compared to adults (Taylor and McLeod, 

2020). As a result of decreased protein binding, the risk of toxicity may increase. This phenomenon 

has not been investigated in pigs, but can likely be expected, considering the physiological homologies 

with humans (Whitaker et al., 2017). Nevertheless, in the case of procaine hydrochloride, the 

anesthetic shows only slight plasma protein binding (2%), and is almost exclusively hydrolyzed by 

pseudocholinesterases in the plasma (Committee for Veterinary Medicinal Products, 1998). Yet, these 

enzymes are present in lower levels in neonate piglets as compared to adults, implying a lower rate of 

degradation and a longer stay in the system of young piglets (Hines and Mccance, 1953; Davis et al., 

1997). However, scientific data regarding this latter point are relatively dated, and potential differences 
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in the pharmacokinetics of procaine injected in young piglets as opposed to juvenile and adult pigs 

remain for now poorly documented. More studies on the concentration of plasma cholinesterases in 

young piglets and on the associated pattern of degradation of the local anesthetic are therefore 

warranted. Altogether, these elements highlight the relevance of further investigation into the effect of 

local anesthetics administered across a wide range of piglet weights, and across the currently allowed 

2-7 days of age, and to account for the age of the piglet when formulating recommendations. 

It is worth noting that the conclusions of the social motivation test and behavioural observations in 

the home-pen (by direct observation) are not fully consistent with video observations performed during 

the first hour after castration during the first study underlying the thesis. While this could be due to 

limitations inherent to the observation of behaviours using video recordings, or to the fact that the 

piglets were handled for saliva sampling during the observation period, this result could also mean that 

the systemic effects of local anesthesia are short lived, and disappearing within the first half hour 

following castration. This possibility would be consistent with the absence of behavioural impairment 

in piglets castrated 30 min after injection, and with the finding that anesthetized piglets did not seem 

to differ from the controls in the human-animal relationship test performed later in the 

afternoon/evening. 

For now, the nature of the experience for the piglets, and the potential consequences of these ‘side’ 

effects (signs of reduced motivation, different performance in the home-pen) in terms of animal 

welfare remain too complex to qualify. While the apparent reduction in social motivation recorded 

during the test could indicate potential emotional or cognitive modulation (Ede et al., 2019), the 

increased prevalence of shivering and huddled up behaviours may also suggest potential physiological 

implications, for instance in relation to the ability to thermoregulate (Kammersgaard, 2013). 

Regardless of the underlying mechanisms, however, further studies focusing on the diffusion and 

degradation of the local anesthetics after injection and during/after castration are needed if the 

implications of these effects in terms of piglet welfare should be clarified. 

e. Evaluation of the general welfare impact of the procedure 

Altogether, the results presented in the thesis suggest that, if procaine-based anesthesia (based on 

the tested drug) is to be used to mitigate piglet pain during castration, it is preferable to administer 0.5 

mL of the drug intra-testicularly, 5 min prior to castration. Nevertheless, at least when piglets were 

restrained in the castration bench, this method still leads to piglets showing signs of pain and stress at 

injection, while the efficacy at castration remains limited and poorly consistent across individual 



Discussion 
 

191 
 

piglets. Moreover, the required extra handling and prolonged stay away from the home environment 

are additional stressors for the piglets. After castration, piglets showed signs of behavioural and 

motivational impairment, suggested to result from temporary systemic effects of the drug, the welfare 

implications of which remain poorly understood. Lastly, in the morning after the procedure, the 

prevalence of red and/or swollen castration wounds appeared higher in anesthetized piglets, with 

potential implications for inflammation and wound healing (though these were not studied). Overall, 

these results suggest that administration of procaine-based local anesthetics prior to castration is not 

mitigating the welfare consequences of surgical castration neither during nor minutes after the 

procedure. In addition, although effects of the castration procedure as performed under local anesthesia 

were not evaluated in the hours after castration in the present thesis, the relatively short duration of the 

anesthetic effect (max. 30 to 60 min, Committee for Veterinary Medicinal Products, 1998) suggests 

that the drug itself would not mitigate piglet pain in that period.  

While other types of local anesthetics such as lidocaine have been shown to be more effective (Skade 

et al., 2021), their administration would still require extra handling and painful injections, while the 

systemic diffusion of these drugs and potential associated side effects remain poorly documented. 

Therefore, even for lidocaine, the overall benefits of local anesthesia seem arguable. Thus, the results 

of the thesis highlight the need to better understand the implications of local anesthetic injections, not 

only in terms of efficacy at castration, but also considering the overall welfare implications of the 

procedure. Future research should focus on alternative methods to relieve piglets at castration, 

considering the efficacy for all individuals rather than the average, and - preferably from an animal 

welfare point of view - strive to find practical solutions to avoid surgical castration. 

7.2. General approach to recording the welfare impact of castration and other 

invasive procedures in piglets 

Although mainly focusing on evaluating the effects of local anesthesia and subsequent castration, 

the thesis also aimed at further refining the methodology of recording pain in piglets, and better 

understanding how to generally quantify pain and stress in that context. While the refinements applied 

to the indicators are discussed in a later section, this segment focuses on the conclusions brought by 

the multi-variate analysis in terms of the selection and interpretation of different indicators. 

First, I would like to point out that the implications of the results of the multivariate analysis 

presented in Paper IV in terms of pain recording are based on an exploratory approach. In other terms, 

the experiments were not specifically designed to test how to record pain nor were the different analysis 



Discussion 
 

192 
 

performed. In Paper IV, the data from the two experimental studies were used to explore correlations 

and other dynamics among indicators, to better understand how these relate to each other. For this 

reason, this section presents suggestions and points of attention for future studies rather than empirical 

conclusions. 

In the scientific literature, acute responses to injection of a local anesthetic and castration are often 

reported using vocal and/or motor responses of piglets (Sheil and Polkinghorne, 2020). Yet, the multi-

variate analysis performed in Paper IV showed that the count of front leg movements and the different 

vocal parameters, although being somewhat related, did not seem to reflect the same aspects of the 

piglets’ responses. Even within a specific type of indicator (e.g., within the vocal parameters), not all 

measures correlated. In fact, some indicators showed strong differences between experimental 

treatments while others did not. Illustrating this point, the intensity of vocalization (e.g., maximum 

power or energy) led to distinct responses in piglets castrated with versus without anesthesia, or simply 

sham-handled, whereas the entropy or average call duration did not, and were comparable across 

treatments. This difference could be explained by these indicators reporting different elements of the 

piglet’s affect or physiological state, but also by variations in the characteristics of the indicators, in 

terms of their sensitivity or specificity. Previous work for instance suggested that parameters 

describing a single event in the call, such as maximum intensity, give more accurate reports of piglets’ 

acute responses to castration than averages (Marx et al., 2003). Regardless of the reasons behind these 

findings, these observations show that the choice of indicators used in a study can significantly affect 

the outcome and the conclusions, thereby introducing a risk of bias. It is, thus, important to remember 

that indicators of pain and/or stress cannot be used interchangeably, and that indicators must be chosen 

carefully.  

In addition, the results of the multi-variate analysis and the correlations between certain indicators, 

or lack thereof, can be used to form hypotheses regarding the interpretation of these indicators. Each 

indicator will not be specifically discussed in this section, but examples will be given. For instance, 

cortisol is commonly used in the literature as an acute indicator (Molony and Kent, 1997). However, 

in our analysis, and across both studies underlying the thesis, this indicator did not show any correlation 

with the acute responses shown during castration. Instead, cortisol seemed to report a similar pattern 

of response than certain behaviours observed upon return to the home-pen, such as activity at the udder, 

resting or shivering. This observation suggests that cortisol (as recorded in our study) may not record 

acute responses to the procedure, but rather relate to the post-surgical state (although this hypothesis 

has to be pondered with the limitations of cortisol as an indicator of affective states as explained in the 



Discussion 
 

193 
 

following section). In addition, the principal component representing these indicators in the multi-

variate analysis did not differ between treatments, suggesting that pain is not necessarily the main 

underlying mechanism. These behaviours may rather report a response that this distinct from acute 

pain, such as aversion, eventually combined with physiological modulation, involving for example 

thermoregulation and activity. Similarly, certain behaviours recorded in the home-pen, i.e., activity, 

resting or general postures, were not affected by the castration treatments, and were not correlated to 

responses shown during the procedure either, potentially because these home-pen behaviours may not 

reflect piglets’ responses to pain at castration, as already suggested previously (Sheil and 

Polkinghorne, 2020). The general results of this analysis therefore show that investigating the 

correlations between and within different types of indicators can bring valuable insights about their 

interpretation, and facilitate the generation of hypotheses. Again, this conclusion highlights the need 

to carefully interpret indicators in terms of pain and/or stress, and to be cautious with the classification 

of certain responses as signs of pain. 

It is interesting to note that the strength of the correlations between different indicators seemed 

somewhat impacted by the study design and/or number of piglets involved in the experiment providing 

the data. While this result may be an artefact related to the number of piglets or the nature of the 

indicators incorporated in the correlation matrices, it could also relate to the nature of the treatments 

included in the two studies underlying the thesis. In other terms, the degree of pain and stress expressed 

by the piglets in response to certain treatments, and the differences in response between treatments, 

may affect the dynamics among certain indicators, but also the potential of these indicators to 

accurately report pain and stress. Although speculative, and in need for further study, this observation 

would suggest that the choice of indicators included in an experiment should be adapted to the specific 

study design and nature of treatments investigated.  

Thus, in the absence of a gold standard to record pain in neonate piglets, the use of multi-modal 

approaches is justified, even though also there, the need to closely consider the choice of indicators 

persist. In scientific writing, justifying the choice of indicators appear pertinent. In addition, attention 

should be paid to the interpretation of the indicators, and to the classification of certain responses as 

pain.  

Importantly, this analysis was based on the specific indicators used in our studies, but similar 

analyses across a wider range of indicators would be needed to increase the understanding. For 

instance, future studies could include the relations within different types of autonomic parameters, e.g., 
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heart rate, blood pressure, rectal temperature, different endocrine responses, e.g., cortisol, adrenaline, 

β-endorphin, different behavioural or cognitive responses, but most importantly, the analyses should 

investigate the relationships among all these indicators. This type of work appear highly relevant, as it 

has the potential to improve the interpretation of the indicators, and eventually provide more reliable 

results in relation to the evaluation of the welfare impact of various invasive procedures.  

As mentioned in section 3.2, advances in the automatic recording and quantification of behavioural 

or physiological parameters are likely leading to researchers having to analyze and interpret a large 

array of data for each study. Analysis of such high number, and diversity, of indicators is increasingly 

delegated to algorithms, capable of detecting patterns across indicators and put forward specific trends 

or classifications (Joseph et al., 2017). These ‘unsupervised’ algorithms (such as support vector 

machine or k-means, see review by Alloghani et al., 2020), will likely become a common tool to assess 

the effects of different treatments as measured by many, different, parameters (as explained by 

VanderWaal et al., 2017). As insightful as these methods can be, one should however remember that 

the choice of parameters included in a study and their biological relevance and interactions are key 

elements to understanding and interpreting the results. As an example, machine learning tools recently 

allowed to predict the development of tail damage based on a dataset of automatically recorded sensor 

data (including water usage and pen temperature; Larsen et al., 2019). Yet, a deeper understanding of 

the biological significance of the parameters for tail damage, and the factors of importance (e.g., age, 

weight, environmental factors), is still primordial to be able to generalize the conclusions and 

implement solutions (authors of this study are now preparing a follow-up paper, taking descriptive and 

inferential approaches on water usage in finishing pigs). The type of exploratory analysis performed 

in Paper IV is therefore particularly relevant, and should accompany, rather than be replaced by, 

machine learning tools. 

7.3. Methodology of recording indicators of pain and stress: considerations and 

routes of improvement 

In this section the strengths and limitations of each of the indicators used in the studies, and the 

way they are quantified, is discussed, and routes to further improve the recording method and/or 

interpretation of certain indicators are proposed. 
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a. Vocalizations during the procedures 

Several publications have used vocalizations to assess the emotional response of piglets to an 

invasive procedure (e.g., Puppe et al., 2005). Indeed, vocal measures present the advantage of being 

expressed spontaneously and being relatively easy to record, without involving any invasive 

techniques. Various elements of the vocal responses can be quantified, from the number of calls, the 

duration of the calls, to their frequency, power, or entropy, among others (e.g., Puppe et al., 2005). In 

the absence of a gold standard for pain recording using piglet vocalization, in other terms, without 

knowing which of these parameters best reflect piglet pain during the procedure, the studies underlying 

the thesis included a wide array of parameters. Overall, these parameters allowed the detection of 

significant, subtle, differences among experimental treatments, although the observed effects were not 

always recurrent across all vocal parameters. Nevertheless, the recording in itself showed complex, 

while the analysis, using an automatic detection tool, ended up more time consuming than intended. 

In this section, I would like to highlight some elements of attention considering the quantification and 

interpretation of vocal responses, and to mention recent trends in the field of bioacoustics that could 

provide further insights into the emotional state of piglets during castration. 

In our experimental designs, piglet vocalizations were affected by a number of factors. I want 

to clarify, first, that these factors were present across all piglets and experimental treatments, and are 

therefore most likely not affecting our specific conclusions. Nevertheless, they may limit the 

comparisons of the absolute values of vocal parameters recorded in the studies underlying the thesis 

with those recorded in other studies. The findings also show that the vocal responses of piglets during 

the procedures can be used as a tool to compare treatments, but cannot be interpreted as an absolute 

reflection of piglets’ experience.  

First of all, despite showing an apparently high sensitivity to subtle variations in pain and/or 

stress, vocal parameters remain, like many other physiological or behavioural indicators, limited by 

ceiling effects. Indeed, piglets can only vocalize for long by unit of time, and the power of their screams 

are limited by their own vocal capacities. In that perspective, values reflecting ‘maximums’, like max 

power, max entropy, or even total call duration, should be regarded as relative rather than absolute. 

In our set-up, piglets were anesthetized and castrated outside of the farrowing room, in a quieter space. 

While this choice presented advantages with regard to recording some of the indicators, and limited 

external noise in the vocal recordings, it also has implications for the interpretation of the vocal 
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parameters. It is important to remember that vocalizations are primarily a form a communication, 

which, in neonates, can be mostly directed towards the mother, i.e., the sow (Weary et al., 1998; 

Appleby et al., 1999). The absence of the sow during anesthesia and castration may therefore have 

influenced the vocal responding of the piglets (Sheil and Polkinghorne, 2020). Nevertheless, such 

evidence of an audience effect (i.e., adaptation of the behaviour depending on the surrounding 

individuals) has not yet been investigated in the context of piglet castration. On the contrary, when 

castrated in the farrowing room, the external noise and potential screams or other vocalizations of other 

individuals can affect the tested piglet, resulting in increased levels of stress (Reimert et al., 2013) and 

a potential modulation of pain perception. In addition, if the surrounding environment is loud, the 

piglets may enhance the power of their vocal responses or increase the rate of calling to increase the 

probability of being heard by the sow and littermates. This phenomenon, called the Lombard effect, 

has been observed in humans, primates (marmosets, tamarins and macaques), bats and cats (Hotchkin 

and Parks, 2013) but deserves closer attention in other animal species such as pigs.  

Next, one must not forget that the piglets were placed on their back in the castration bench. This 

position impacts how piglets are able to produce sounds, via a potential pressure on the thoracic cage, 

and a particular orientation of the head and mouth. Although not formally quantified in the analysis, 

the vocal recordings included a number of closed mouth grunts, as well as particularly rough low 

frequency calls, which could be interpreted as a form of vocal fry, i.e., shortening of the vocal folds 

producing a frying sound, potentially resulting from a lower airflow and ability to contract the 

laryngeal muscles (McGlone and Shipp, 1971). In addition, the placement and orientation of the 

piglets’ head in the bench seemed to differ depending on their weight and morphology. This variation 

impacted, to some extent, the angle and distance between the tip of the mouth and the microphone, 

which likely affected the absolute value of vocal power and energy recorded (Fig. 25). The castration 

bench being placed on a table, the sound waves produced by the pigs also reflected on the table prior 

to reaching the microphone, creating a sort of echo (Fig. 25). This phenomenon could be identified on 

the recordings, and created some complications in the calibration of the automatic detection of the calls 

(Fig. 25). In future studies, covering the surrounding surfaces with a sound absorbing material could 

prevent this effect.  

Lastly, the type of microphone used in the studies presents limitations. Piglets producing a wide array 

of calls, from faint low frequency grunts to powerful high frequency screams, selecting a microphone 

is not an easy task. The microphone used in the studies was a condenser. This type of microphone is 
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usually used to record subtle, low energy, sounds, but are not well adapted to powerful calls, as they 

can easily start ‘clipping’ - i.e. the microphone cannot record a call past a certain amount of sound 

pressure. This phenomenon was recurrently observed in our recordings, which likely affected the 

measures of vocal power and energy, and would render the measures of vocal frequencies unreliable. 

In future studies, the use of a dynamic microphone, that is better able to record high pressure sounds 

and is more robust to the harsh conditions of a farm is recommended. The choice of the specific model 

of microphone should include consideration of the dynamic range and frequency range, to ensure that 

most of the piglets’ calls can be recorded. Similarly, the calibration and general running of the 

automatic detection tool proved particularly complex considering the large range of piglet 

vocalizations to be identified. In future studies, this process could be eased by selecting a closer range 

of vocalizations or running the detection twice, on low and high frequency calls. Yet, in general, it is 

good to keep in mind that automatic detection of calls is complex, and often requires lengthy 

calibration and/or manual checks. 

 

Figure 25. Factors affecting the recording of piglet vocalizations with regards to the position of 

the bench and piglet head  

A, spectogram of a call with refracted sound waves (red), B, illustration of the variation in power of the sound waves 

recorded by the microphone depending on the orientation of the piglet head. 

Although our data included a relatively large array of vocal indicators, other parameters could 

also have been recorded to provide another angle of analysis of piglets emotional response. First, while 

the mean and maximum frequency of a call can provide relevant information on the emotional state of 

the emitter, the structure of the call can also be analyzed in more details, to record the fundamental 

frequency F0 (i.e., pitch of the call), the slope, range, and contour of F0, the number of harmonics and 
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subharmonics, or the structure of the formants, etc. - parameters that have been correlated to both 

arousal and valence in multiple species, including pigs (Briefer, 2012). I know, if you are not working 

with bioacoustics, that these terms are probably not familiar to you. For the sake of space, I will not 

intend to explain them. Rather, if interested, I highly recommend you read the comprehensive review 

by Briefer (2012).  

Second, in our context where piglets were expected to express strong negative emotions, investigating 

the prevalence of non-linear phenomena (NLPs) could be particularly interesting. In short, vocal 

signals are usually periodic, meaning that the shape of the sound wave on an oscillogram is sinusoidal, 

due to the synchronic vibration of the vocal cords. Yet, evidence show that, when an individual gets 

highly emotional, the vocal cords can start to vibrate asynchronically or reach a different vibratory 

state, leading to non-periodic vocal waves and loss of harmonic structures (Marx et al., 2021; Fig. 26). 

The result is a harsh and chaotic voice feature, which is thought to convey urgency and signal high 

arousal emotions (Anikin et al., 2020). This effect can be measured by examining the sound waves on 

a spectrogram (Fig. 26), and different categories of non-linear phenomena have been described, such 

as the formation of subharmonics, frequency jumps, biphonation, or the presence of deterministic 

chaos. NLPs have been observed in humans, marmots, mongooses and dogs, but not yet in pigs 

(Briefer, 2012; Marx et al., 2021). Although not formally analyzed in the thesis, the presence of a 

specific type of NLP, determinist chaos, was investigated in our data. A short analysis on 18 calls from 

3 piglets castrated without anesthesia and 3 piglets sham-handled showed that chaos was recorded in 

55% of the calls during castration vs. 22% of the calls during sham handling. These results are 

promising, as they may support the presence of NLP in piglets and suggest their use as indicator of 

pain and/or stress. Nevertheless, the data are very preliminary, and need validation, including in 

‘cleaner’ vocal recordings (e.g., without clipping). 

Figure 26. Examples of spectrogram and waveform views of linear and non-linear calls   

The graphs were obtained on Praat software package for analysis of vocal recordings. A represents a ‘normal’ 

spectrogram and waveform for a linear call with a periodic wave. B represents a non-linear (non-periodic wave) 

call, with deterministic chaos. 
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Lastly, analyzing piglet vocalizations can be approached differently, by focusing on the timing of 

vocalizations and silences rather than on the characteristics of the call themselves. Recent work have, 

for instance, focused on the notion of rhythmicity, analyzing the succession of vocalizations in a 

recording as a rhythmic pattern (Ravignani and Norton, 2017). While this field of work is for now 

mostly focused on understanding communication among conspecifics, extending the field to 

investigate emotional states could be relevant. Again, a short, preliminary analysis was performed with 

our data. Graphical representations of the rhythmic patterns of vocal recordings were obtained for 20 

pigs during castration or sham handling (via computing of the inter-onset intervals, i.e. breaks between 

vocalizations, see full explanation in Ravignani and Norton (2017), Fig. 27). Visually, different 

patterns can be observed between the two groups, highlighting the potential for this approach to inform 

about affective states in pigs.  

 

Figure 27. Rhythmic patterns of piglet vocalizations during castration  

The graphs were obtained via computing of the inter-onset intervals, i.e. breaks between vocalizations. As explained 

in Ravignani and Norton (2017), the graphs are visualizations of the phase portrait based on the rhythmic sequence 

of 20 piglets, A, piglets sham-handled in the castration bench (n=10), B, piglets castrated without anesthesia (n=10). 

Pairs of adjacent IOIs (inter-onset intervals) serve as x- and y-coordinates, respectively and a line connects 

coordinates of neighboring pairs. 
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In summary, vocalizations are a versatile tool for the analysis of piglet emotional state in the 

context of castration. In addition, promising new parameters could improve the quantification of high 

arousal states such as acute pain. Nevertheless, the limits of vocal indicators in terms of recording and 

interpretation must be kept in mind and rightfully addressed. 

b. Foreleg resistance movements during the procedures 

Apart from vocalizations, piglets’ immediate responses to an invasive procedure include bodily 

movements. In the context of castration, performed in a restraining apparatus (the castration bench), 

leg movements have been a focal point of attention to quantify such bodily movements. In previous 

studies, front leg movements have been recorded using different methods, mostly relying on visual 

scoring (as reviewed by Sheil and Polkinghorne, 2020). Yet, such methodology can be poorly sensitive 

and susceptible to observer bias. Other methods have included counting of one or two types of 

movements using video recordings (Marchant-Forde et al., 2009), potentially excluding other forms 

of leg resistance and thus at risk of misrepresenting piglet responses. A new quantitative method of 

recording was therefore developed during the studies underlying this thesis in order to increase the 

sensitivity and reliability of the indicators. In addition, the castration bench was modified from a 

commercially available version to enable more unrestricted movements of the forelegs. The four types 

of resistance movements defined in Paper I and II were recorded in equal proportion for each 

experimental treatment. This finding suggests that the experience of the piglet is not reflected in the 

type of movement displayed, but rather in the total count of motor resistance performed. This supports 

the approach of analyzing leg movements as a total number rather than focusing on specific types of 

movements. Overall, the use of the sum of resistance movements proved useful to quantify piglet 

responses and detect differences among the present experimental treatments, and is considered a key 

indicator. While the quantitative approach seemed to successfully increase the sensitivity of the 

measurements, the analysis of video recordings, without sound and by blinded experimenters, has 

potentially prevented observer biases. Yet, a study comparing indicators of resistance movements 

measured with our novel method, as compared to a scoring system, as previously used, is needed to 

provide further insights on the potential advantages of the method. In addition, to our knowledge, our 

method was the first to take into consideration the period of time where the legs of the piglets were 

physically unable to move. With some piglets having their legs tucked inside the castration bench for 

more than 90% of the procedure, this correction seems essential for the analysis.  
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Nevertheless, the method is not perfect, and some limitations must be kept in mind. First of all, 

the interpretation of piglet leg movements remains under debate. Is it still unclear, in the literature, 

whether foreleg resistance can be interpreted as a measure of piglets’ pain responses, i.e., with an 

emotional component, or if foreleg movements are rather a measure of withdrawal, i.e., physical reflex 

that does not reflect affective states (Ede et al., 2019). In addition, just like vocalizations, leg 

movements may be somehow limited by ceiling effects. Indeed, piglets can only move their legs for 

so long during the procedure. It is also possible that piglets get tired in case of a prolonged 

manipulation, and therefore cease moving out of exhaustion or physiological limitations, rather than 

absence of pain and/or stress.  

Further, although limiting the risk of observer bias, this new method did not completely remove 

potential effects of experimenters. Indeed, although the observers were blinded, the type of procedure 

applied (injection, castration, or sham handling) could be seen on the video clips. The frame of the 

videos was selected to ensure that the full body of the piglet could be observed, and that the recording 

of the leg movements would not be hampered. Yet, in future studies, the videos could be edited to blur 

the rump area. It is also worth noting that, although most of the leg movements were categorized and 

recorded by the present method, some movements still had to be excluded. While the relatively slow 

moves (> 1 s) were not considered as resistance, certain sudden movements could not be categorized. 

Although this happened only occasionally, this limitation highlights the need to consider this indicator, 

once again, as relative rather than absolute.  

Lastly, although analyzable as such, it can be noted that the analyses of the video clips were time 

consuming, and required a strong level of focus. In future studies, the sampling rate of the camera 

could be enhanced to provide more detailed images at low speed, while the lighting of the room should 

be rightfully considered - as neon lights result, for instance, in a flickering light in videos observed at 

low speed, which is rather uncomfortable for the observers. Considering the recent advances in the 

field, development of an automatic detection of piglets leg movements using an AI or other detection 

tool (Joseph et al., 2017) could be a future solution to reduce the need for lengthy video observations.  

In summary, the novel methodology of recording piglet resistance movement is considered a 

promising tool to quantify responses of piglets to injection and castration, although further studies 

could still be beneficial for the interpretation of this indicator.  
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c. Saliva cortisol concentration 

Saliva cortisol concentrations were sampled as an indicator of the response of the piglets to the 

procedures. Samples were taken 30 min prior to anesthesia or castration as a baseline, and responses 

were evaluated approximately 17 min and 6 h after castration. To prevent the need for painful needle 

injections, cortisol was sampled in saliva. Yet, collecting saliva in neonates is not an easy task. 

Spontaneously chewing on cotton swabs is difficult to induce (maybe because of the lack of experience 

with taking feed items into their mouth, as mentioned in Appleby et al., 1991), and the volume of 

salivation is low at that age. Nevertheless, as documented previously, collection of microliter volumes 

of saliva and analysis of even very low concentrations is possible in newborns, and can be eased by 

the administration of a glucose solution, without impacting the reliability of the salivary measures 

(Morelius et al., 2004). A new method was therefore developed for the studies underlying this thesis, 

including pre-soaking of cotton pieces in apple juice and gentle introduction in the mouth of the piglet 

using a clamp. This method proved successful, as it allowed the collection of enough saliva to perform 

the cortisol analysis. The sampling in itself also appeared as a rather mild stressor, as most piglets 

showed limited vocal or bodily resistance reactions. In that sense, the method is advantageous for use 

in practice. In addition, from a scientific point of view, a significant difference was recorded between 

samples taken before or 6 h after castration, as compared to the sample taken at 17 min post-castration, 

indicating that this sample did record a robust reaction to castration.  

Regardless of the benefits of this new method, the present results did not match the 

expectations. The experimental treatments did not, overall, differ in their cortisol response, despite a 

clear difference in behavioural pain responses at castration. The same conclusions were observed 

across both studies. These conclusions differ from previous work reporting a reduced cortisol response 

in piglets castrated with local anesthesia as compared to without (Prunier et al., 2005; Kluivers-Poodt 

et al., 2012; Bonastre et al., 2016). The section below explores potential reasons behind this difference. 

First of all, it is worth noting that all previous studies mentioned above sampled cortisol in plasma. 

Although a strong relationship has been shown between salivary and plasma cortisol responses to a 

stressor (Bushong et al.,  2000), prior studies have also shown that sampling of cortisol in saliva may 

increase the reliability of the recordings, as cortisol is present in free form in the saliva instead of 

bound to proteins in the plasma (Le Roux et al., 2003). Free cortisol has indeed been suggested to be 

a better indicator of stress than the ‘total’ cortisol measured in plasma (Cook et al., 1996). In that sense, 
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our measures may be more accurate in quantifying piglet responses. Yet, this does not explain the gap 

between our results and our hypotheses.  

A first major element to consider is the timing of the cortisol sampling. In studies investigating the 

correlation between plasma and salivary cortisol concentrations in infants (Calixto et al., 2002) and 

pigs (Cook et al., 1996), authors have found a comparable temporal response to a challenge with 

ACTH between the two measures, suggesting that the timing of the saliva sampling can be aligned 

with the time window previously used for cortisol sampling in plasma in response to castration (e.g., 

Prunier et al., 2005; Bonastre et al., 2016). Yet, with only one sample, it is impossible to say, in our 

studies, whether the peak of cortisol response was indeed reported or not. In the study by Cook et al. 

(1996), the peak salivary cortisol response to an artificial stressor was found at around 2.5 h, thus 

significantly later than our sampling. It is important to note, though, that this study included only six 

female pigs of 100 kg, and that the results are more than 25 years old. In a more recent study with 

piglets of 7 to 8 days old, plasma cortisol in response to castration was sampled from 5 min up to 180 

min following the procedure (Prunier et al., 2005). The peak of plasma cortisol response was observed 

at 30 min, though significant differences with the controls sham-handled were reported for samples 

performed at 15, 30, 60 and 90 min after the surgery. In retrospect, if these results can be applied to 

saliva cortisol sampling in neonates, the timing of our sampling should have been sufficient to report 

significant differences between treatments, but may have been too early to detect the peak in cortisol 

response. Yet, in other work, plasma cortisol sampling ranged from 20 min (Bonastre et al., 2016), 30 

min (Keita et al., 2010), up to 60 min (Scollo et al., 2021) after castration, highlighting a relatively 

poor agreement over the optimal sampling window, even for plasma cortisol. New studies on the topic 

are therefore warranted. These could focus on quantifying piglets’ responses to castration during two 

hours following the exposure to the stressors, using, for instance, catheters to facilitate repeated 

sampling, in order to validate the results from Prunier et al. (2005). Another approach could be to 

submit the piglet to an acute challenge with ACTH or lipopolysaccharide, via injection or non-

invasively via formula milk or water, and to observe the magnitude and duration of the cortisol 

response using a similar sampling method, as performed by Cook et al. (1996) and Haukenes and 

Barton (2004). Radiolabeled substances could also be effectively used for following recovery and 

time-lag for cortisol from blood into e.g. saliva (as done for the validation of fecal cortisol metabolites 

in Malmkvist et al., 2011). Together, these studies could clarify the number and timing of blood and 

saliva samples needed to report the peak cortisol response to castration.  
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The type of analysis performed may also deserve attention. In our studies, the saliva cortisol response 

was quantified using the (assumed) of peak of cortisol response 17 min after the procedure. Another 

measure could have been the quantification of the duration of response, e.g., latency for piglets to 

return to baseline concentrations. Yet, as explained by Mellor et al. (2000), these two measures are 

often poorly correlated, and no single measure adequately reflects the level of stress of an individual. 

In fact, according to Mellor et al., the use of either of these measures can be misleading. Instead, the 

authors recommended the analysis of an integrated cortisol response, corresponding to the area under 

the curve that lies above the baseline concentration, including both the magnitude and response of 

duration. This type of analysis has been performed in relation to the evaluation of surgical castration 

(e.g., Sutherland et al., 2012; Numberger et al., 2016) but remains complex to obtain in practice, 

though, as demanding repeated sampling over time.  

Another element to take into consideration is the age of the piglets. Indeed, most previous studies have 

investigated the effects of castration or anesthesia in somewhat older pigs. In male pigs, saliva cortisol 

seems to reach a stable circadian pattern at 10 days of age, with a high variation in daily saliva cortisol 

observed in piglets below 3 days (Gallagher et al., 2002). The piglets in our studies being 3 to 4 days 

of age (with a rather imprecise method of age determination), it cannot be excluded that the variation 

in their salivary cortisol may have hampered the detection of differences among experimental 

treatments. This possibility may be supported by the relatively large variation recorded for baseline 

cortisol, and by the finding that time of day did not significantly impact the baseline measures. Our 

results could therefore be further validated by performing a similar experiment on piglets being a few 

days older.   

Lastly, the interpretation of cortisol measures may deserve more attention. Indeed, the functional 

significance of cortisol has previously be questioned, and authors have suggested that cortisol may 

reflect bodily need for energy metabolism (e.g., if cold) and arousal rather than specific emotional 

states such as pain (Mormède et al., 2007; Ede et al., 2019; Sheil and Polkinghorne, 2020). In that 

sense, saliva cortisol may reflect piglets’ overall responses to the procedure rather than the ability of 

the drug to relieve pigs at castration. This possibility is supported, in our data, by the finding of a 

stronger response in piglets castrated 10 or 30 min after anesthesia (i.e., after a relatively long period 

outside the farrowing pen) as compared to 2.5 or 5 min after. In addition, the general lack of differences 

between the experimental treatments, including sham-handling and castration, may indicate that 

ceiling effects have been reached following handling alone. This possibility is in line with previous 

criticism over the sensitivity of cortisol measures (Carroll et al., 2006; Leidig et al., 2009), especially 
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considering the highly responsive HPA-axis of neonates (Prunier et al., 2005). Such possible 

explanations could be tested by injecting piglets with ACTH, thereby triggering artificial ceiling 

effects, and comparing this maximum response of cortisol to the response to handling. These studies 

could be performed across different piglet ages to further understand the sensitivity of cortisol 

responses. 

Overall, our novel salivary cortisol sampling technique was effective and practical, but further 

understanding of the importance of sampling timing and interpretation of the cortisol responses is 

needed, especially in neonates.  

d. Social motivation  

One of the aims of the thesis was to develop a behavioural test to pick up changes in the 

motivational or affective status of piglets shortly after castration. Although a behavioural test involving 

a handling chute was previously developed (Bilsborrow et al., 2016) and used in studies on piglet 

castration (Rauh et al., 2019; Abendschön et al., 2020), the particular set up of this test could not be 

implemented in our studies in practice, as mentioned in section 5.2. A new test was therefore designed, 

focusing on social motivation. The test was very practical, as it did not require prior habituation or 

training (which also removes potential cofounding effects of learning abilities), could be completed in 

less than 5 min (allowing piglets to rapidly be re-introduced to their home-pen), and could be 

performed outside the farrowing room without disrupting the normal routines of the staff in the herd. 

Importantly, the test aimed to quantify the ability of piglets to move, which is an essential element in 

the context of castration. In retrospect, the test detected subtle differences between the experimental 

groups, highlighting potential systemic effects of the drug - that had, until now, never been reported. 

In that sense, this novel test is particularly promising, as it appears to be a relatively easy tool to 

evaluate potential subtle effects of drugs administered in practice.  

However, the interpretation of the test results in terms of motivation and/or specific emotional 

states still warrants further study. The results did not match with our predictions, since the sham-

handled controls and piglets castrated without anesthesia performed comparably. With clear 

differences in pain at castration for these two groups, this outcome suggests that the social motivation 

test is not reporting elements of pain or stress. One can then wonder what this test is recording. This 

question is not simple to answer. Indeed, while the test was designed to focus on social motivation, it 

may also have reported elements of motivation to explore the novel arena, thermoregulation, aversion 

to isolation, or ability to perceive the environment and/or coordinate movements. Overall, the test 
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likely reports a motivational trade-off among these elements rather than an absolute form of social 

motivation. As explained by Kirkden and Pajor (2006), motivational tests can be designed to answer 

one of four distinct questions: “(1) whether an animal is motivated to obtain or avoid a resource, (2) 

whether it has a preference among alternative resources, (3) how strong is its motivation or 

preference, or (4) whether its preference or the strength of its motivation or preference, is altered by 

changes in its internal or external environment.”. In our case, (1), i.e., the presence of social 

motivation, is assumed (following pilot studies showing reduced approach and contact in piglets 

without the presence of littermates in the end area), and (4), i.e., whether this motivation is impacted 

by castration, is the target. However, we cannot exclude that (2) i.e., whether social motivation is 

expressed more than for example exploratory motivation, and (3), i.e. the strength of the motivation, 

are also unintentionally part of the test. In that sense, it is difficult to precisely describe whether the 

test relates to motivation or preference, whether it focuses on positive motivation or aversion, or 

whether it should, in principle, be considered as a motivational test, choice test, or even operant test 

(if walking across the arena is considered working to access the social resource). Therefore, one should 

remain cautious with interpretation of the results. Examination of the possible underlying motivational 

systems could include modulation of some elements of the test, e.g., habituation vs. non habituation, 

number of littermates, length of the arena, height of the obstacles, etc., or recording of the piglet 

behaviour and vocalization during the test to assess, for example, the attention towards the littermates 

or the prevalence of exploratory behaviour. In addition, besides the speed and distance walked, the 

tracking system could be used to determine the pattern of locomotion (i.e., whether the piglet walks in 

a straight line towards the littermates or follows a more random path), or, in case of no contact, the 

closest distance to the littermates.  

In the studies underlying this thesis, a strong effect of testing order was recorded, with piglets 

walking with increased speed in the arena when tested first in the litter as compared to last. This effect 

is likely due to the littermates in the end area being more active and vocal, thereby drawing more 

attention from the tested piglet, in the beginning of their time in the end area as compared to 1 h later, 

when the last experimental piglet was tested. The testing order was fortunately balanced, which 

prevented this effect to impact the treatments comparison. Yet, in future studies, the littermates could 

be replaced by other individuals more frequently to prevent the change in activity. Even with this 

solution, though, the level of activity and vocalizations of the littermates cannot be fully standardized, 

which may induce variation in the perceived reward of reaching the end area for the tested piglet. In 

addition, cross fostering of non-tested littermates was allowed until the morning prior to castration. As 
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a result, it is unclear whether the bond between a tested piglet and his littermates was comparable 

across all piglets. This relative lack of standardization could be improved by replacing or 

supplementing the social cues from live littermates with controlled auditory or olfactory cues from the 

sow and/or littermates. Of course, pilot studies would be needed to ensure that the piglets are able to 

perceive and spontaneously respond to these cues during the test. 

Overall, the social motivation test is a promising tool to detect subtle effects of pain mitigating 

procedures. While the test could be further standardized by a more frequent renewal of the littermates, 

or the addition of auditory or olfactory cues, further studies are required to better understand the 

motivational systems reflected in the results. 

e. Home-pen behaviours 

Following this motivation test, piglets were placed back in their farrowing pen where their 

behaviour was continuously recorded for 10 min. Live observation was preferred to video recording 

to ensure proper detection of subtle behaviours such as shivering and prostration. In addition, this time 

window allowed the recording of behaviours prior to the saliva sampling, as the latter required handling 

of the piglet outside of the pen, and was, thus, probably stressful. Overall, the behavioural observations 

were a valuable addition to the study, as they allowed the detection of some differences between the 

experimental treatments, and informed about the systemic effects of the local anesthetic. 

It is, though, important to keep in mind that 10 min is a relatively short duration of observation, 

potentially not long enough to reflect general patterns such as a reduction in activity or an increase in 

resting, as supported by the absence of difference among treatments for these behaviours in our data. 

Overall, these observations reflected piglets responses upon return to the pen and reunion with the 

sow, rather than their behaviour once ‘settled’ in the home-pen. This potentially explains the different 

outcomes between the live observations in Study 2 and the 5 h video recordings analyzed in Study 1. 

In addition, the creep area was kept open to observe the piglets, which made them unable to ‘hide’ or 

get close to the heat lamp - which may potentially explain the high prevalence of shivering and other 

signs of poor thermoregulation in certain treatments. Further, although the piglets were all gently 

placed back in the same area of the pen, the activity of the littermates or the sow upon return in the 

home-pen was not standardized, and may have influenced the piglet’s behaviour. Similarly, the number 

of littermates present in the farrowing pen differed depending on the testing order. For that reason, and 

because some littermates were subjected to different treatments that potentially impacted their own 

behaviour, social behaviours such as lying together with littermates, or, at the opposite, social isolation, 
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were not included in the observations. Still, the influence of the number of, and treatment of, the 

littermates on other behaviours of the tested piglet, such as udder massage or suckling, cannot be 

excluded. However, this effect did not likely impact the differences between treatments, considering 

that the testing order was balanced over treatments, and that all treatments were present within a litter.  

For future studies, our results suggest that live observations are more accurate to record subtle 

behaviours than video recordings, while continuous sampling was previously found preferable as 

compared to scan sampling (Park et al., 2020). The timing and duration of the observation period 

should be carefully considered, as possibly reflecting different elements of the piglets’ state. Ideally, 

the littermates should be kept intact to avoid confounding the results, though this design is somewhat 

impractical. Rather, I suggest that the choice of behaviour included in the ethogram takes into 

consideration the presence and activity of the littermates, as well as the potential impacts of their own 

treatments. 

f. Human animal relationship 

In Study 1, approximately 5-6 h after castration, piglets were individually subjected to a human-

animal relationship (HAR) test, to assess their experience at castration. The test is based on the 

assumption that a negative experience at castration, marked by pain and/or stress, would influence the 

animals’ approach/avoidance to humans a few hours after the procedure, and lead to increased signs 

of stress or fear during the test. Overall, the results showed no difference in activity or approach to the 

human among piglets sham-handled, castrated under local anesthesia, or castrated without anesthesia. 

Nevertheless, piglets’ vocalizations were analyzed for all treatments, and showed increased 

vocalizations, including grunts and squeals, in piglets sham-handled at 10 or 30 min intervals as 

compared to 2.5 min interval. These results suggest that a longer duration of handling, including stays 

in the bench and waiting in-between, may correlate with increased responsivity later in the afternoon. 

This observation would be in line with previous conclusions that the perception of handlers can 

strongly be modulated by previous negative experiences, with behavioural effects persisting for weeks 

(Brajon et al., 2015). 

Besides this result, the outcome of the HAR test, however, did not follow our expectations that a 

painful experience at castration (e.g., castration without anesthesia) would lead to increased 

responsiveness to human exposure six hours following the procedure. This gap between the hypothesis 

and our results could be explained by the fact that stress levels play a larger role in the test as compared 

to pain per se. Yet, if this is the case, it is unclear why a difference in vocalizations was not recorded 
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between the controls castrated without anesthesia, handled for a relatively short time, and the piglets 

castrated after 30 min. Rather, the specific set-up of the test may deserve further attention.  

Indeed, it is worth noting that, unlike previous tests described in the literature (e.g., Waiblinger et 

al., 2006), the piglets were not habituated to the test arena. As a result, it is difficult to pinpoint whether 

the piglets responded to contact with the human or to a form of open-field test. The fact that all 

treatment differences were found within the vocalizations rather than the movements in the arena, or 

distance to the human, would support the latter option. It is, in addition, possible that the handling 

required for anesthesia and castration did not represent a sufficiently long exposure to trigger a 

memorable experience for the piglets. Indeed, in comparison, Brajon et al. (2015) reinforced the 

handlers’ negative treatments of the animals over 5 consecutive days. This may be particularly 

important considering the young age of the tested piglets (to our knowledge, no HAR test has ever 

involved such young animals). It indeed is unclear whether neonatal pigs possess the same cognitive 

abilities, such as memory, as their older conspecifics. Though cognitive testing were performed in 

piglets as early as 1 to 12 days of age in the form of an eight-arm radial maze (Wang et al., 2007) or 

glass barrier task (Friess et al., 2007), studies comparing the cognitive abilities of young pigs to these 

of older conspecifics remain scarce (see review by Gieling et al., 2011). Further, the placement in a 

castration bench, where piglets could not see the handler, may have limited their association between 

the experience during anesthesia and castration and the handler. In that sense, although the 

experimenter performing the HAR wore the same outfit as the person manipulating and castrating the 

piglets, it is unsure whether the animals formed a connection between the HAR’s experimenter and 

their experience at castration.  

Therefore, while the test may have highlighted differences in responsiveness among sham-handled 

treatments, it remains unclear whether the piglets were responding to exposure to an experimenter or 

to introduction into a novel arena, and whether they formed a connection with their experience at 

castration a few hours before. Further investigation of the memory capacities of neonates, and of the 

effects of the duration of exposure needed to trigger a reaction in a HAR test, are therefore needed to 

clarify these elements.  
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8. Perspective: what future for the surgical castration of piglets? 

This last chapter offers ethical, economical, and societal considerations regarding the topic of surgical 

castration of piglets. Importantly, this chapter is not based on experimental results from the thesis, but 

is rather aiming to provide the reader with more understanding as to why surgical castration is still a 

common practice, what the future of the procedure may be, and the role of scientists in the matter, 

taking the results of the underlying studies into consideration. I would like to raise the reader’s 

attention to the fact that, although based on scientific literature, this section may, to some extent, 

reflect the authors’ own opinions.  

8.1. The picture of piglet castration through the concept of One Welfare 

The majority of this thesis has covered the consequences of surgical castration in terms of animal 

welfare. Nevertheless, surgical castration is not only impacting the piglets, but also other stakeholders 

around them, which should be acknowledged. The concept of One Welfare indeed recognizes that 

“animal welfare, biodiversity and the environment are connected to human wellbeing” (Pinillos et al., 

2016). This approach encourages scientists to consider global impacts of certain events, integrating 

animal welfare, human wellbeing and environment conservation in their evaluation scheme. Below, 

some of these elements are discussed in relation to surgical castration. 

Besides the piglets themselves, the handlers are among the first concerned by the issue of surgical 

castration. On one hand, the performance of castration is often described as uncomfortable or even 

aversive, and involves daily exposure to animal pain and stress. Interviews with farmers and handlers 

in Denmark showed that handling of animals in ways that can cause pain or suffering is perceived as 

very negative, and that performing mutilating procedures such as castration or tail-docking is disliked 

(Anneberg and Sandøe, 2019). The handlers described that they somehow got accustomed to it, as 

coping with this part of the daily routine and overcoming their personal reservations were necessary 

in order to keep their job, but some still reported that castrating piglets felt wrong. Other authors also 

have reported potential health concerns resulting from the noise levels in the environment of handlers 

castrating piglets (Kluivers et al., 2007). In addition, handling piglets during castration (and potentially 

also during local anesthetic injection) requires for the handlers to bend their back and lift up piglets 

weighing up to 3 kg, which, if not performed with an appropriate posture, may become physically 

loading (Kluivers et al., 2007). Overall, interviews with Danish farmers showed that working 

conditions on the farm are connected with animal welfare, highlighting the need to consider the 

handlers’ perspective in future studies (Anneberg and Sandøe, 2019). In addition to the aversiveness 
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of the procedure, surgical castration represents an additional cost for farmers, evaluated at 0.32 € (2.4 

DKK) per pig (Scollo et al., 2021). Importantly, this estimate includes the cost of labor associated with 

castration (based on the Italian market), but does not consider all aspects of castration. Indeed, castrated 

pigs have a lower feed conversion efficiency as compared to entire males, and consume close to 10% 

more feed than entire males to reach a similar weight, while entire males show a growth rate 13% 

superior to castrates (Squires and Bonneau, 2014). In addition, animal losses and a temporary decrease 

in performance can be observed after castration (Bonneau and Squires, 2008). 

Decreased performance and feed conversion also present consequences in terms of sustainability. 

With castrated piglets consuming more feed to gain the same weight than entire males, larger amount 

of feed have to produced, with the environment impacts that this entails. This also means that the 

output of nitrogen in manure is greater in castrates as compared to entire males (Squires and Bonneau, 

2014). A recent study showed that, in the finishing phase, the carbon footprint of feed intake (including 

land use) per kg of lean meat gain was reduced up to 22% by raising entire males as compared to 

castrates (Van den Broeke et al., 2022). Entire males also excreted up to 27% less nitrogen and 31% 

less phosphorus, and had a phosphorus efficiency up to 17% higher, than castrates (Van den Broeke et 

al., 2022). This research highlights the need to consider the impact of surgical castration in terms of 

environment sustainability.  

On the side of consumers, impacts of surgical castration can be considered in terms of the sensory 

attributes of the pork products. Castration prevents boar taint in the meat, increasing consumers’ 

acceptance of pork. It is however worth noting that, even without boar taint (e.g., in meat from gilts), 

Danish consumers showed a dissatisfaction of pork meat in terms of taste and smell reaching 30% of 

the surveyed population  (Bonneau and Squires, 2008). In that study, the same population showed only 

6.5% more dissatisfaction towards the meat of entire males as compared to the meat of gilts. In terms 

of meat quality, the meat from castrated pigs has a higher adipose tissue content as compared to meat 

from entire males, which may render the meat less appealing to consumers (Squires and Bonneau, 

2014). In addition, meat from castrated males has a lower content of unsaturated fatty acids in the 

adipose tissue, as well as a lower protein content, which may be less favorable from a nutritional point 

of view as compared to the meat of entire males (Squires and Bonneau, 2014).  

The procedure of piglet castration can also be discussed from an ethical point of view. While the 

impact of castration in terms of pain and other aversive emotional states is at the center of this debate, 

another aspect, often overlooked in the evaluation of the procedure in the literature, is the removal of 
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the reproductive function. Freedom to express natural (sexual) behaviours may indeed be considered 

as key element of animal welfare (Webster, 2001). Males from several domestic species are subjected 

to removal of sexual function, with various reasoning, but an ethical issue may be advanced when 

castration is primarily performed to fit in a certain production (or domestic) system, especially if the 

procedure in itself is detrimental for welfare (Harfeld et al., 2016). Some authors have referred to this 

type of practices as ‘de-animalizing’ (Harfeld et al., 2016). Is it however important to remember that, 

in conventional husbandry, pigs are usually slaughtered soon after reaching sexual maturity. The 

expression of their sexual behaviours are, in that sense, relatively limited by the production system 

anyway. 

In light of this brief, non-exhaustive, discussion, piglet castration emerges as not only a concern 

for animal welfare, but a complex issue for the farmers, the environment, and society. In fact, in an 

ongoing campaign (October 2022), Animal Protection Denmark, the largest animal protection NGO 

in Denmark, denounces the lack of investment of research, and the lack of national funding, on 

alternatives to piglet castration. In their campaign, the organization points out that existing research 

and results from other countries could be applied in Denmark, and asks for an end to surgical castration 

as soon as 2024 (Dyrenes Beskyttelse, 2022). This sentiment was recently echoed by the Chairman of 

the Danish Pig Producers (Nørmark, 2022). 

8.2. Understanding the blockages of a ban of surgical castration in the EU 

In light of the current debate on surgical castration, one can wonder why the procedure is still so 

prevalent in the EU (sometimes even performed with no pain medication at all) despite the knowledge 

on its welfare impact, and the clear ambition of the EU to set up a ban (European Commission, 2020). 

In the 1970/80s, Denmark was even the first European country to begin a shift from surgically castrated 

to pigs to production of entire males. At that time, more than 60% of the meat produced in Denmark 

came from entire males (Lin-Schilstra and Ingenbleek, 2022). How then, did we reach this situation? 

The work by Lin-Schilstra and Ingenbleek (2021, 2022) highlights different elements of importance:  

 The pork sector is highly globalized. That is, pigs are born in one place, and often fattened 

somewhere else, potentially in another country (over 40% of the piglets born in Denmark are 

not slaughtered in Denmark). This system implies that whatever practice is decided in the 

producer’s country, the importers need to agree with. If not, the producers are exposed to 

considerable financial loss (as it happened in Denmark after Germany’s reluctance to buy entire 

males, see Lin-Schilstra and Ingenbleek, 2022) 
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 Different alternatives to non-mitigated castration exist: Analgesia and/or (local) anesthesia, 

immuno-castration (the process of immunizing pigs against the hormone responsible for boar 

taint, see definition in Brunius et al., 2011 and discussion on pros and cons of the method in  

Bonneau and Weiler, 2019), and raising entire males (see discussion on tools to manage entire 

males in the report of the EFSA AHAW Panel, 2022). Different countries seem to prioritize 

different alternatives, probably based on characteristics of their own market. With such variety 

of approaches (and thus in acceptance of the different approaches) among EU member states, 

reaching a common EU goal seems complex. 

 The EU Regulation (e.g. Commission Directive 2008/120/EC laying down minimum standards 

for the protection of pigs) is not implemented at similar levels across member states, and 

differences exist in national legislation. This situation has developed despite the notion that a 

harmonized playing field (in EU, but also in the rest of the world) would be important for the 

establishment of a common goal of ending castration. 

Today, the issue of surgical castration seems to be stagnating. As mentioned by Lin-Schilstra and 

Ingenbleek (2021), quoting a German state commissioner “This whole discussion is no longer based 

on facts. The fronts are just totally hardened and somehow one shoots at the other. These discussions 

go round and round.”.  
 

According to Lin-Schilstra and Ingenbleek (2021), however, solutions exist: if the EU takes a market-

based orientation, further consolidates the ban of un-mitigated castration, and enters in a discussion 

with Eastern and Southern countries to facilitate their transition, the matter of piglet surgical castration 

may be able to evolve. In a recently published scientific opinion on pig welfare, the European Food 

Safety Authority even clearly pointed towards a solution, mentioning that “Under current commercial 

conditions, immuno-castration should be adopted as the preferred alternative to surgical castration.” 

(EFSA AHAW Panel, 2022). Yet, stakeholders may have strong, fixed, positions, which greatly limit 

the formulation of agreements. An important issue in that regard is the fact that each opinion, as 

discussed above and below, can be supported by scientific data. 

8.3. The role of scientists in the matter 

 

Although surgical castration is an economic and political issue, scientists also have a role in the 

matter. Indeed, science-based communications regarding surgical castration or related alternatives are 

used by stakeholders in the debate (or ignored, in a form a cherry-picking of the empirical data). As 
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explained in Lin-Schilstra and Ingenbleek (2022), “Scientific reports, sometimes ‘biased’ depending 

on scientists’ interpretations, fuel stakeholders’ debates. Because stakeholders tend to take a fixed 

position on a certain method, they cite a certain aspect of research to support their position”. Without 

questioning the trustworthiness of scientists, this statement rather points towards limitations regarding 

interpretation and reporting of the results, and associated communication. Based on my experience, 

having read a large array of scientific literature on the matter of castration, I hereby would like to 

highlight some potential elements of attention. 

First of all, the criteria used to qualify a certain alternative as ‘efficient’ seem to differ between 

scientific papers. As mentioned in the background section (p. 51), this observation is partly due to 

large differences in the choice of control groups, and to variation in the importance given to the 

comparison with these controls in the conclusions. This point is here illustrated with an example, using 

a recently published paper on the efficacy of local anesthesia for piglet castration, the aim of which 

was comparable to the studies underlying this thesis. In the abstract, it is concluded that “The use of 

local anesthesia, irrespective of the method and local anesthetic, was effective in reducing vocalization 

and resistance movements during surgery as well as the time spent on castration” (Skade et al., 2021). 

Although this conclusion is correct in view of the data, it fails to highlight that injection in itself 

triggered a significant response in the piglets, and it also fails to quantify the level of stress and pain 

experienced by the anesthetized piglets at castration, i.e. to quantify how effective the drug was – an 

element that was not investigated in the paper, considering that the design did not include a sham-

handled control group at castration. Although our results also showed that local anesthesia to some 

extent reduced responses at castration, our general conclusions differed greatly. Those types of gaps 

in design and interpretation are present in the literature, and contribute to the general confusion over 

the effectiveness of different alternatives to un-mitigated castration. In the future, this variation can be 

reduced by further encouraging the use of guidelines (such as PREPARE or ARRIVE guidelines), 

clinical trial permits (as obtained for Paper I and II), or pre-registration of studies, in order to ensure a 

rigorous consideration of the experimental design (Macleod and Mohan, 2019). 

Besides the study design, a more general discussion could be started regarding what makes an 

intervention ‘efficient’. In the literature, the notion of efficiency seems to be closely related to 

significant difference. If an experimental group administered a certain analgesic or anesthetic shows a 

significantly reduced response as compared to a control without pain mitigation, this solution tends to 

be qualified as ‘efficient’. Yet, one should remember that significant difference is not an absolute truth; 



Perspective: what future for the surgical castration of piglets? 
 

215 
 

P values are greatly impacted by the type of statistical model chosen, the covariates included, or the 

random effects – elements which, again, seem to greatly differ among papers (see further discussion 

on that topic in Goodman, 2008). How, then, to judge the efficacy of a pain-mitigating procedure? 

Should it simply reduce responses of piglets? By at least 30%? 50%? Should it completely remove 

signs of pain? And what about individual differences? In both humans and companion animals, the 

shift from ‘one drug fits all’ towards individualized therapy is promoting tailor-made treatments to 

ensure a correct relief of all individuals (see work by Richter and Hintze, 2019). Shouldn´t pigs be 

treated with a similar care? While this discussion is important in general science, it seems fundamental 

in the evaluation of pain mitigating procedures. Nevertheless, a deeper understanding of these 

questions lies outside the scope of this thesis. 

Another important element is the scientific attention given to surgical castration. Although the 

topic of pig (or piglet) castration still yielded over 4500 new scientific papers the last 3 years 

(according to Web of Science), it does not appear to be a ‘trendy topic’ within the scientific community 

anymore. As a matter of fact, scientists I worked with during my undergraduate studies advised me 

not to initiate this specific PhD-project, as it was, according to them, not innovative enough to launch 

my career. Although I appreciated the honest concern for my future, this type of attitude may be 

problematic. Surgical castration has been largely documented over the last decade, but it appears that 

scientists (potentially influenced by funding bodies) would sometimes prioritize working on novel, 

exciting topics, rather than ‘old news’, potentially losing sight of the actual importance of this work in 

terms of, for instance, animal welfare. Yet, they may not be the ones to blame. As explained by Ritchie 

(2020), the most renown scientific journals state in their website that they want papers that are “most 

influential in their field’, ‘present novel and broadly important data’ (Science), or are of ‘exceptional 

significance (Cell)”, therefore encouraging bias towards emerging, ‘trendy’ fields, and potentially 

disparaging the importance of replication and validation of findings, which are, to my opinion, core 

elements of the scientific approach and research integrity. This phenomenon may be changing, though, 

as other journals such as Plos One now insist on the importance of methodological rigor and high 

ethical standard, and this “regardless of perceived novelty”.  

Maybe symptomatic for the topic of this section, I also struggled, during the studies, to find 

students and interns motivated to join the project (and I am greatly thankful for those who did). While 

I can understand a reluctance to work with pain and stress (especially when other projects on play or 

maternal behaviours were available), I think this choice can be ethically questioned. Yet, we cannot 
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overlook that castration is an emotionally (and politically) loaded topic. In a conference I recently 

attended, a researcher showed a video of castration in reindeers. In this animal species, when kept for 

meat production as part of Scandinavian Sami culture, the animals are sexually mature at the time of 

castration, and the procedure is performed using a clamp - which means that no blood or raw tissue 

were visible. Still, I could hear comments from researchers around me, clearly unhappy to be exposed 

to such footage. At that moment, I regretted not having included a video of castration in my own 

presentation. 

This reluctance of seeing, and even discussing, the topic of surgical castration in certain animal welfare 

researchers contributes to the general lack of recognition of the existence and impact of the procedure. 

As mentioned earlier, close to one consumer out of two is unaware of the practice, and this observation 

is unlikely to change if even scientists are creating a taboo over it. Thus, I would like to conclude this 

section by reminding the reader of the importance of openness and transparency in science, and of the 

responsibility of scientists to place a genuine focus on all aspects of animal welfare, including difficult 

and unfashionable ones.   
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9. Conclusions 
 

This thesis aimed to investigate the impact of the administration of a procaine-based local 

anesthetic and subsequent castration on piglet pain and stress. Based on a multi-modal approach 

including physiological, vocal, behavioural, and motivational indicators, the studies showed that local 

anesthesia with procaine reduced, to some extent, signs of pain at castration. Among the tested methods 

of administration, the results suggest the use of an intra-testicular injection of 0.5 mL of the drug, 

respecting a 5 min interval to castration. Nevertheless, even when this method was used, injection of 

the local anesthetic and castration still led to signs of pain and stress. In fact, the placement in the 

castration bench alone led to significant stress responses. In addition, administration of the local 

anesthetic resulted in changes in the behaviour of the piglets in the minutes after castration. At this 

stage, the mechanisms underlying these changes as well as their impact remain poorly understood with 

regards to animal welfare. While other drugs, potentially more efficient, may be used to improve the 

procedure of local anesthesia, the need for painful injections, stressful handling, and the lack of 

knowledge on pharmacokinetics of local anesthetics administered in young piglets remain concerning. 

Thus, in the future, alternatives to surgical castration, such as breeding of entire males, should receive 

further attention. 

In the meantime, in the absence of a gold standard, recording of pain and stress in neonate piglets 

remains a challenge. In the thesis, assessment of pain and stress was refined by the development of 

novel recording methods, improved reporting of methodology, and rightful consideration of design 

limitations. In addition, the results and discussion highlighted the importance of reporting affective 

and motivational aspects of pain, considering the inter-correlations existing among indicators and 

careful choice of animal-based measures, as well as refining current technologies to obtain objective, 

quantitative data. This knowledge is important to allow further refinement of the castration procedure 

in piglets, but could also potentially benefit studies of other invasive procedures performed more or 

less routinely in animal husbandry. 
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