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Abstract

During their first days of postnatal life, piglets reared for meat production are often
subjected to numerous husbandry practices that cause injury of sensitive tissues and
hence are potential sources of pain. The intensity and duration of the pain engendered
depend on the nature and magnitude of tissue damage. Each of these practices is carried
out for specific reasons, such as preventing boar taint (castration), reducing the risk of
tail biting (tail docking), limiting lesions on siblings and the sow’s teats (tooth resection),
improving health (injections) or identifying animals (ear tagging or notching). This
chapter will discuss the rationale and methods used, the evidence of pain during and
shortly after the procedure, the long-term pain consequences, the consequences for
health and human-animal relationships, the current options for pain mitigation and the
pros and cons of avoiding these practices completely. Solutions are emerging to minimise
the industry’s dependence on these practices and, when still considered necessary, to
enable selection of the least painful option and best mitigate any residual pain. A better
knowledge of the affective component of the pain involved in the practices as well as the
establishment of standard and validated protocols of pain evaluation are needed in order
to move forward and determine the best solutions from an animal welfare perspective
and feasibility by farmers.

Keywords: behaviour, castration, stress, tail docking, tooth resection

4.1 Introduction

Numerous husbandry practices are routinely applied to very young piglets. They comprise
surgical castration in males and tail docking, teeth clipping, injections for iron supply
or vaccination, and sometimes ear notching, tagging or tattooing in both sexes (Figure
4.1). All these interventions induce a damage of sensitive tissues and hence are potential
sources of acute and, for some of them, persistent or even chronic pain. These procedures
are done prophylactically to avoid later problems with boar taint or limit the risks of tail
biting or outbreaks of diseases, and thus arguments for the procedures are often based on
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Figure 4.1. Image a piglet of 25 days of age that underwent tail docking and tattooing the day after birth and
surgical castration at 5 days of age. Photo by Armelle Prunier.

utilitarian ethics. In addition, insensitivity to pain in very young animals has historically
been used as an argument to carry out painful procedures at this early life stage. However,
the weight of scientific evidence now shows that very young piglets, similarly to neonates
from other mammalian species, are able to experience pain (EFSA, 2017) even though
there may be variations with age in sensitivity to noxious stimuli (Kells et al., 2019).

By definition, pain has sensory and emotional components that are both necessary to
diagnose pain (IASP, 2019). Inference about the presence of the emotional component of
pain in animals presents significant difficulties because they cannot directly communicate
what they feel. One approach is based on the observation of spontaneous animal
behaviours in response to potential sources of pain (see reviews by Prunier et al., 2013;
Sneddon et al., 2014; Weary et al., 2006), with the limitation that reasons other than pain
can often explain the observed changes. Other valuable approaches are based on assessing
motivation (Weary et al., 2006, 2017). In recent years, paradigms involving learning
originally developed in human psychology, such as conditioned place aversion (Prus et
al., 2009), have been used successfully to draw inference about the negative emotional
impact of tissue damaging procedures such as disbudding in calves (Adcock and Tucker,
2020). In addition, cognitive bias testing, examining an animal’s motivation to perform
a task and the tendency to interpret ambiguous information as positive or negative, has
been used to draw inference about more long-term changes in affective states of animals
after exposing them to tissue damaging management procedures (Neave et al., 2013).

Pain is detrimental to the welfare of pigs, it is therefore essential to determine precisely

the consequences of the various husbandry interventions applied. In addition, knowledge
about possibilities to suppress these interventions or, when unavoidable, about the least
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painful intervention available when several possibilities exist for the same purpose
(e.g. clipping and grinding for tooth resection) are greatly needed. Finally, if a painful
procedure cannot be avoided, the possibilities to mitigate the pain using an analgesic
or anaesthetic treatment should be clarified. This knowledge will allow producers
to apply to pig production the 3S’ approach accounting for ‘Suppress, Substitute and
Soothe” developed by Guatteo et al. (2012) that parallels the 3R approach ‘Reduction,
Refinement and Replacement’ developed in the context of animal experimentation. In
the present chapter, we examine successively surgical castration, tooth resection, tail
docking and other painful husbandry practises and discuss why and how these practices
are performed, what is the evidence of pain on a short and long term basis, what are
the possibilities to mitigate this pain and what are the pros and cons of avoiding these
practices.

4.2 Surgical castration of piglets
4.2.1 Why and how this practice is performed

Across the world, most male piglets still undergo surgical castration. For example,
nowadays in China nearly all pigs are surgically castrated (Xue et al., 2019), and in 2015
in the EU-24 61% of male piglets were surgically castrated (De Briyne et al., 2016). The
main reasons are rearing less aggressive animals, avoiding pregnancy if males are housed
with females and, more importantly, avoiding boar taint (e.g. unpleasant odours and
flavours of entire male pig meat) (EFSA, 2004). Surgical castration of male piglets is
performed during the first days or weeks after birth. It is a rapid process that may take
less than 30 seconds, including the time for catching the animal, if no pain mitigation is
performed. Piglets are restrained during surgery to minimize movements (Figure 4.2).
One or two incisions of about 2 cm are made through the scrotum and surrounding
tissues are trimmed to free each testicle. Thereafter, each testis is extracted and removed

Figure 4.2. Image of a piglet restrained for surgical castration. Photo by Mathilde Coutant.
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by tearing the tissues or by cutting the spermatic cord (funiculus spermaticus) with a
scalpel or an emasculator that clamps and crimps the cord to limit bleeding. All tissues
that are damaged during surgical castration are highly innervated (EFSA, 2004), hence,
surgical castration is painful. To mitigate this pain, a treatment can be performed (see
below). In order to limit the risk of infection, an antiseptic treatment can be applied on
the skin before surgery and/or on the wound after castration. In addition, an antibiotic
can be injected. A recent survey in Europe reported that antibiotics are regularly, but not
systematically, used and that there are differences in the frequency of their administration
between and within countries (Castrum consortium, 2016).

4.2.2 Evidence of pain during and in the hours and days after surgical
castration

A large number of experiments have been devoted to the assessment of pain in piglets
that have undergone surgical castration. They gave rise to several literature reviews (Ison
et al., 2016; Prunier et al., 2006, 2020; Rault et al., 2011; Sutherland, 2015; Von Borell et
al., 2009) showing that during surgery and shortly after, castration induces severe pain.
This is illustrated by changes in the electrical activity of the brain (e.g. a decrease in the
absolute theta power during surgery that is less marked in piglets if local anaesthesia is
performed (Haga and Ranheim, 2005)), in the activation of the neuroendocrine systems
linked with the stress response (e.g. increased plasma catecholamines, cortisol, and
adrenocorticotropic hormone (ACTH) (Prunier et al., 2005, 2006; Carroll et al., 2006)),
and in numerous behavioural changes occurring during surgery (e.g. more defensive
movements and high-pitched vocalizations) and the following hours (more isolation, lack
of behavioural activity while awake, and rump scratching (Hay et al., 2003; Marchant-
Forde et al., 2009; Marx et al., 2003)).

However, the longer-lasting effects of castration on pig welfare in the days following
surgery remain uncertain because very few studies investigated these effects and they used
very different protocols. For instance, only one study (Marsalek et al., 2011) out of the
four (Carroll et al., 2006; Marchant-Forde et al., 2009; Sutherland et al., 2012) measuring
plasma cortisol concentrations at 24 and/or 48 hours after surgery, observed an increase in
castrated males. In a study involving 28 castrated and 56 non-castrated male piglets, Hay
et al. (2003) found that castrated piglets were more frequently desynchronized (activity
different from that of most littermates) on the 1%t day after castration, scratched their
rump more frequently on the soil until the 4™ night after castration, and were huddling
(lying with at least three legs tucked under the body), wagging their tail, kneeling, and
walking more frequently until the 4™ day after castration. The effect of castration on some
behaviours (e.g. desynchronization or being awake but inactive) was sometimes opposite
from one day to the next suggesting the existence of rebound effects and making results
difficult to interpret when animals are not observed at regular time intervals. In another
study with observations ending on the 37 day after castration, the only differences found
were less dog sitting on the 3™ day and more isolation (no contact with the sows and
littermates) from the 1% to the 3" day in castrates (Llamas Moya et al., 2008). In four other
studies ending on the 1% day after castration, more rump scratching and tail wagging
(Courboulay et al., 2010), or more combined abnormal behaviours (sum of spasms, rump

110 The suckling and weaned piglet



4. Husbandry interventions in suckling piglets, painful consequences and mitigation

scratching, stiffness, huddling, and prostration (Hansson et al., 2011), and sum of spasms,
rump scratching, stiffness, trembling and tail wagging (Viscardi and Turner, 2018a,b)
were depicted in castrated males on the day after castration. These abnormal behaviours
were attenuated by an analgesic treatment in three out of these four studies. Contrarily,
some authors failed to demonstrate any influence of surgical castration on behaviour on
the day after castration (Yun et al., 2019) or from the 1% until the 4th day after castration
(Kluivers-Poodt et al., 2013). Therefore, it is likely that piglets without appropriate pain
relief experience pain in the days following surgery, but that the pain intensity decreases
and its signs become harder to observe with time.

In summary, if the behavioural and physiological signs of pain during surgical castration
and shortly after are very clear, they are not well demonstrated from the day after
surgery. It should be remembered that the number of studies decreases as the time
interval from surgery increases and that it is difficult to demonstrate the existence of
pain in pigs by observing only their spontaneous behaviours. For example, using a
model of post-operative pain inflicted on pigs at about 7 weeks of age, Castel et al. (2014)
demonstrated hyperalgesia around the wound until 7 days after surgery with a test based
on the withdrawal reaction to pressure. On the other hand, an increase in spontaneous
behaviours potentially related to pain (e.g. restlessness, isolation, moving away when
approached and vocalization) was seen at 1 and 3 hours post-surgery but not later on in
the same study (Castel et al., 2014).

4.2.3 Mitigation of pain due to surgical castration

Taking into account the duration of the pain induced by castration, mitigating pain
during the procedure itself should be combined with the use of an analgesic having a
prolonged effect for at least one day. As it is performed on farm, the method needs to be
cheap, easy to run, and without risk for people and animals’ health. In addition, it should
respect the national regulations that (a) restrict the use of drugs on animals reared for
human consumption in order to limit residues in food, and (b) may allow the use of these
drugs only by veterinarians.

Two surveys performed in 2015 (De Briyne et al., 2016) and 2016 (Castrum consortium,
2016) in Europe showed that approximately half of the surgically-castrated pigs received
a treatment to mitigate pain, and that this treatment varies between and within countries.
General anaesthesia by inhalation of CO,/O, (e.g. in the Netherlands) or isoflurane
(Switzerland), or by injection of ketamine (e.g. in Germany) is one option. Sometimes,
sedation with azaperone is performed, either alone or in combination with general
anaesthesia. Local anaesthesia using lidocaine or procaine injected subcutaneously (e.g.
in Hungary), intratesticularly (e.g. in Sweden and Denmark), or both subcutaneously and
intratesticularly (e.g. in Norway), is another option. A prolonged analgesia with a non-
steroidal anti-inflammatory drug (NSAID) such as flunixin (e.g. in Austria), meloxicam
(e.g. in France), or ketoprofen (e.g. in Denmark), is often performed either alone (e.g. in
France) or in combination with a local (e.g. in Sweden and Denmark) or general (e.g. in
the Netherlands) anaesthesia. Less often, metamizole (also called dipyrone), a non-opioid
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pyrazolone derivative, is used for analgesia (e.g. in Slovenia). Very rarely, butorphanol,
an opioid derivative, is used (in Switzerland).

General anaesthesia suppresses activity of the central nervous system and results in
unconsciousness and loss of sensation. Therefore, pain is mitigated during the surgery
and until the pig wakes up. In the case of CO,/O, anaesthesia, piglets are placed in boxes
or in a specific device and inhale a mixture of CO,/O, for at least 30 seconds, leading to
unconsciousness for approximately 1 minute while castration is performed, and piglets
are then placed back into the home pen where they can rapidly recover (Gerritzen et al.,
2008). Using isoflurane requires more expensive and advanced equipment. Piglets are
placed in a specific device and inhale the gas for approximately 90 seconds, until they
lose consciousness and are castrated (Walker et al., 2004). Recovery from anaesthesia
takes about the same time as after CO,/O, and piglets can be rapidly moved back to their
home pen. In optimized conditions, duration and depth of anaesthesia are satisfactory
with both gases (Gerritzen et al., 2008; Walker et al., 2004). However, the use of CO,/0,
is questionable since it is strongly disliked by the animals and the safety margin between
anaesthesia and death is narrow (O’Connor et al., 2014). A survey on the use of isoflurane
in Switzerland indicated that 14% of the piglets were insufficiently anaesthetized
(Enz et al., 2013b). The authors also reported more bleeding after castration and thus
recommended the use of an emasculator. With the narcotic drug ketamine and/or the
neuroleptic drug azaperone, duration and depth of anaesthesia are much less satisfactory.
Furthermore, the long sleep period (up to several hours) after ketamine administration
reduces the suckling time and therefore increases the risk of potentially fatal hypothermia
in piglets (Enz et al., 2013a).

Local anaesthesia blocks transmission of certain nerve impulses between a targeted part
of the body and the central nervous system, causing loss of pain sensation in the targeted
body part. The most painful part of the castration has been shown to be the tearing and
cutting of the spermatic cord (Taylor and Weary, 2000). To reduce this pain, an injection
directly into the spermatic cord (intrafunicular injection) or indirectly into the testicles
is efficient (Haga and Ranheim, 2005). Therefore, the most common routes of injection of
alocal anaesthetic are intratesticular, subcutaneous, and intrafunicular, or a combination
of those. Two local anaesthetics are commonly used, procaine and lidocaine, the second
having a faster onset and longer duration of action. When used properly, local anaesthesia
with lidocaine alleviates, but does not fully remove, pain during surgical castration (e.g.
Hansson et al., 2011; Kluivers-Poodt et al., 2012; Marx et al., 2003). Local anaesthesia
with procaine has only been examined in a few non-peer reviewed studies, but seems
less efficient (Courboulay et al., 2018; Hofmann et al., 2019). Some pain due to the local
anaesthesia itself is suspected, though its intensity is lower than that due to surgical
castration, as suggested by a lower EEG response to lidocaine injected either in the testes
or in the spermatic cord than to cutting the spermatic cord (Haga and Ranheim, 2005). In
addition, when pigs received an intra-testicular injection of lidocaine, a first increase in
cortisol and ACTH was observed but it was of lower amplitude than the second increase
due to surgical castration, and of much lower amplitude than the increase observed in
surgically castrated pigs receiving no pain treatment (non-peer reviewed study: Prunier
etal., 2002).
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The NSAIDs are inhibitors of cyclooxygenase enzymes that are central to the production
of prostaglandins. They act on pain essentially at the peripheral level by reducing
inflammation (e.g. meloxicam) or at both peripheral and central levels (e.g. ketoprofen).
Numerous studies were conducted to determine their effectiveness in mitigating castration-
related pain in pigs (Dzikamunhenga et al., 2014; O’Connor et al., 2014; Schoos et al.,
2019). Many of these studies used plasma cortisol as an indirect pain indicator which is
questionable if it is not associated with behavioural indicators of pain (Dzikamunhenga et
al., 2014). A reduction in castration-induced behaviours (e.g. prostration, trembling, tail
movements, rump scratching, head low or isolation) was depicted in the first hours after
surgical castration in piglets receiving meloxicam before surgery in several studies (Keita
et al., 2010; Kluivers-Poodt et al., 2013; Langhoff et al., 2009; Tenbergen et al., 2014) but
not in all (Hansson et al., 2011; Reiner et al., 2012; Viscardi and Turner, 2018b), and an
effect was still present the day after castration only in one study (Hansson et al., 2011)
but not in the others (Kluivers-Poodt et al., 2013; Reiner et al., 2012; Viscardi and Turner,
2018b). Fewer studies have investigated the effectiveness of ketoprofen and flunixin. No
positive effect on behaviour of a pretreatment with flunixin was observed by Reiner et
al. (2012), contrary to findings of Langhoft et al. (2009) who observed less tail wagging
and less position changes in the hours following castration in piglets receiving flunixin.
Only a reduction in tail wagging, usually considered as an indicator of castration-related
pain, was depicted the day after surgery by Courboulay et al. (2010), whereas no effect
was depicted by Viscardi and Turner (2018b).

Butorphanol inhibits pain at the central level and should be effective to relieve acute
pain even during surgery. Positive effects on behaviour during and shortly after surgical
castration were observed by Courboulay et al. (2015), but use of this drug was discarded
by Viscardi and Turner (2018a) and Hug et al. (2018) due to unacceptable side effects (e.g.
vomiting, trembling, leg paddling). Metamizole inhibits pain both at the peripheral and
central levels, but no clear effects on behaviour were observed despite an attenuation in
the post-castration increase in cortisol (Langhoft et al., 2009).

Due to a lack of standardization in the protocols of pain evaluation, it is very difficult to
compare the efficacy of the various treatments proposed to mitigate pain from surgical
castration and hence to make precise recommendations (Dzikamunhenga et al., 2014;
O’Connor et al., 2014). However, due to limited safety margins, handling stress, efficacy and
practicability, some methods such as local or isoflurane-inhalation anaesthesia combined
with an analgesic pre-emptive treatment (e.g. meloxicam) may be more appropriate in
terms of effectiveness, risks, and drawbacks compared to CO,/O, inhalation or ketamine/
azaperone-injection anaesthesia. Finally, even if these multimodal methods mitigate
pain, the stress and pain due to surgical castration are not fully eliminated.

4.2.4 Long term consequences of surgical castration
Investigations into potential long-term neuropathic pain due to surgical castration are
currently lacking in pigs. While castration is primarily associated with soft tissue injury,

it does involve complete transection of the testicular nerves. These nerves innervate
many structures within the testes and scrotum and contain thousands of somatosensory
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neurons, and a significant proportion of these are primary nociceptive afferent neurons
responsible for the detection and conduction of pain signals (Woolf and Ma, 2007).
One of the consequences of castration-associated nerve resection is the development
of traumatic neuromas in the regenerating proximal part of the severed testicular
nerves. Traumatic neuromas are formed by multiple sprouting axons whose growth is
directed towards the distal part of the severed nerve. These sprouting axons proliferate
to form a disorganised bundle of neurons, Schwann cells and connective tissue, that
can be circumscribed by fibrous tissues or widely dispersed within the extra-endoneural
environment (Foltan et al., 2008). In humans, traumatic neuromas can be associated with
episodic and, in some cases, persistent pain (Rajput et al., 2012). Neuroanatomical studies
in horses demonstrated the presence of traumatic neuromas in the remnant testicular
nerves at the site of castration (Bengtsdotter et al., 2019). These authors proposed that
inguinal pain, unexplained hind limb lameness, back pain, and behavioural issues in
geldings may be attributable to painful traumatic neuromas, developed as a consequence
of crushing and severing the testicular nerves during castration. Evidence of the presence
of traumatic neuroma development in the testicular nerves at the site of castration has
yet to be confirmed in pigs.

Health issues such as wound healing, infections, spreading of diseases, reduced growth
performance, mortality, and suppression of male specific behaviours related to surgical
castration have been raised, although there is a very limited number of studies assessing
these potential consequences. A field study by Hawkins and Strobel (2012) suggested
that the use of an anti-infective wound spray may improve the course of wound healing,
whereas Sutherland et al. (2012) reported that wound healing scores were not boosted
by flunixin injected at the time of castration. The incidence of wound healing problems
logically increases with age of the piglets at the time of castration (e.g. 28 vs 3 days of age;
Sutherland et al., 2012). They are more significant in the context of non-septic conditions
during castration and when using improperly cleaned and disinfected anaesthesia
equipment (e.g. inhalation gas machines shared by several farms; Aluwé et al., 2016).
The mortality of castrated male pigs during lactation did not seem to differ from that of
females (McGlone et al. 1993) or intact males (Bonastre et al., 2016; Kluivers-Poodt et
al., 2012) on experimental farms. However, on commercial farms, Morales et al. (2017)
reported differences between castrated and intact males but that depended on piglet
live weight at birth. The 25% lightest and 50% medium weight piglets had a mortality
rate that doubled when castrated, whereas the 25% heaviest piglets had a slightly slower
growth rate during lactation when castrated. A meta-analysis of 15 studies involving
immuno-castrated and surgically castrated males confirmed that castrated pigs had a
higher mortality rate than their intact littermates (Allison et al., 2010). On the other
hand, poorer growth performance in grower and finisher castrated pigs are more likely
due to sex-specific metabolic factors (e.g. lack of testicular anabolic steroids leading to
lower feed efficiency and growth potential of feed-restricted castrated males) than to
chronic influences resulting from the castration procedure itself. Whereas castration
may prevent some of the aggressive and male specific behaviours (e.g. mounting, penis
biting) in intact boars that usually result in injuries, castrated males seem more prone to
being tail bitten. Indeed, it was reported that castrates were more likely to be tail bitten
than females (Kritas and Morrison, 2004; 2007; Wallgren and Lindahl, 1996), with the
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risk to males increasing with the proportion of females in the pen (Kritas and Morrison,
2004). However, to the best of our knowledge, there is no comparison between intact and
castrated males for the occurrence of tail biting.

In addition, surgical castration seems to modify the pigs’ perception of humans. Tallet et
al. (2013) reported that, when tested in an unfamiliar environment, 81 to 125 days-old
castrated pigs spent less time than entire males of the same age in close vicinity to an
unfamiliar human. These results suggest that castrated pigs might associate the stress and
pain due to castration with human presence, although the ease of handling the animals
did not appear to be affected by castration (Tallet et al., 2013). Further investigation is
needed on this aspect.

4.2.5 Possible means to avoid surgical castration

In order to avoid surgical castration and its negative consequences on health and welfare
of pigs, two main solutions are possible: performing a vaccination that inhibits the
testicular activity or raising intact males (Bonneau and Weiler, 2019). Raising intact males
is already the rule in some countries (e.g. in the UK and Ireland). For countries where
surgical castration is still frequent, this solution implies rethinking the organization
of the entire pig production chain, so that boar taint is minimized in live animals and
carcasses are sorted and used according to their boar taint level in order to avoid rejection
by markets and consumers (Parois et al., 2018).

4.3 Tooth resection of piglets
4.3.1 Why and how this practice is performed

Piglets are born with an incisor and a canine tooth present on each side of the upper and
lower jaws. These eight teeth are very sharp and can easily damage sows or other piglets.
They are milk teeth that are spontaneously shed between 2 and 4 months of age (Hay et
al., 2004). From each jaw, four additional milk incisors erupt between 2 and 35 days of
age (Tucker and Widowski, 2009). With the aims of limiting lesions on other piglets or the
sow’s udder, avoiding disturbance of the sow nursing behaviour, and improving growth of
the piglets and reducing their mortality, resection of teeth is routinely practiced in many
conventional farms across the world. In the EU, this procedure must not be performed
on a routine basis (EC, 2001, 2008). However, data from 2008 indicated that most pigs
were routinely submitted to tooth resection in most European countries (Fredriksen
et al., 2009) and there is no reason to believe that the situation has changed. Similarly,
most piglets from large scale farms are submitted to tooth resection in China (Yao Wen,
personal communication).

Tooth resection is usually performed in the days following birth, often jointly with
other procedures, such as iron injection, tail docking and sometimes castration in male
piglets. Typically, all eight needle teeth are resected either with cutting pliers or an electric
grinder (tooth abrasion with a stone). The proportion of the tooth removed varies from
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a few percent to the whole tooth above the gum line (Fu et al., 2019; Gallois et al., 2005).
In nearly all cases, tooth resection leads to damage of the dental pulp (Hay et al., 2004;
Hutter et al., 1994) that is highly innervated. Therefore, pain is an expected consequence.

When tooth resection is performed, a reduction in the number and severity of skin
lesions in piglets was repeatedly demonstrated whereas the effect on sow udder lesions
is inconsistent (Fu et al., 2019; Gallois et al., 2005; Holyoake et al., 2004; Lewis et al.,
2005a; Weary and Fraser, 1999). Regarding maternal behaviour, results are also unclear.
During the first two days after farrowing, no effect of tooth resection, either by grinding
or clipping, was seen on sow posture, number of postural changes or time interval
between successive sucklings or between suckling and a sow posture change (Lewis et
al., 2005a; Prunier et al., 2004). Later on, sows nursing tooth-clipped piglets terminated
fewer suckling bouts on day 4 and exhibited less dog sitting (interpreted as avoidance of
suckling attempts) on days 21 and 26 (Lewis et al., 2005a). More recently, Fu et al. (2019)
did not see any effect of tooth clipping on sow posture or on the percentage of time piglets
spent suckling or massaging the udder, when performing regular observations between
days 1 and 24 of lactation.

4.3.2 Evidence of pain during and shortly after tooth resection

In 3-day old piglets, an increase in heart rate and a decrease in peripheral skin temperature
were observed when the teeth were clipped to the gum line (Fu ef al.,, 2019). In 1-day
old piglets, neither clipping nor grinding the teeth affected plasma concentrations of
cortisol, ACTH or lactate from 2 to 180 minutes after the procedure (Prunier et al., 2005).
Similarly, Marchant-Forde et al. (2009) saw no cortisol increase in 2-3 day old piglets at
45 minutes, 4 hours, 48 hours, 1 and 2 weeks after tooth resection with either method. The
amount of tooth removed in the studies by Prunier et al. (2005) and Marchant-Forde et
al. (2009) was not severe, leaving several millimetres of tooth above the gum line. Squeal
rate was lower during grinding compared with sham processing, whereas tooth clipping
had no effect (Marchant-Forde et al., 2009; Noonan et al., 1994). However, the procedures
undoubtedly altered both the ability to vocalize and vocalization characteristics thereby
reducing the suitability of vocalizations as a pain evaluating tool during the procedure.
More escape/defence movements per second were observed in processed pigs than in
sham piglets regardless of the method of tooth resection (Marchant-Forde et al., 2009).

In the first minutes after treatment, piglets with clipped teeth showed more teeth champing
(opening and closing of the jaws, mouth empty) than sham-processed piglets (Bataille et
al., 2002; Lewis et al., 2005b; Noonan et al., 1994; Sinclair et al., 2019) but the difference
was less marked (Bataille et al., 2002) or not significant (Lewis et al., 2005b; Sinclair et al.,
2019) in piglets with ground teeth. However, it should be mentioned that the length of
tooth removed was not directly comparable across studies: Bataille et al. (2002) and Sinclair
et al. (2019) aimed to remove half and one third of each tooth respectively regardless of
treatment, whereas in Lewis et al. (2005b) teeth were resected to the gum line during
clipping but only the tips of the teeth were removed during grinding. While isolated in
a behavioural test area, piglets with clipped teeth showed less wood shaving exploration
than shams, and piglets with ground teeth were intermediate (Sinclair et al., 2019).
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During the first 10 (Bataille et al., 2002) or 30 minutes (Lewis et al., 2005b) after tooth
resection, the only significant difference in behaviour was that processed pigs spent less
time being active on a heat pad than sham-processed pigs (Lewis et al., 2005b). Bataille
et al. (2002) prolonged their observations for 12 hours looking at suckling behaviour, teat
massaging and piglet postures but found no significant difference between treatments.
More detailed observations by Lewis et al. (2005b) at 1, 4, 8, 14 and 21 days after the
intervention showed some variations in the percentage of active piglets but these were
minor and fluctuated with age. More recently, Fu et al. (2019) showed that time spent
lying alone was increased whereas time spent playing and fighting was decreased in
piglets with teeth clipped to the gum line compared to sham-processed piglets, with
observations spread throughout lactation.

Overall, the behavioural and physiological signs of pain after tooth resection are limited.
However, this is based only on a few studies and, as already stated for surgical castration,
it is difficult to demonstrate the existence of pain in young pigs.

4.3.3 Long term consequences of tooth resection

Neural evidence of long-term pain due to tooth resection in pigs is lacking in the scientific
literature. Yet, it is widely reported that traumatic dental injury in humans and other
species (e.g. monkey, cat, dog) involving loss of pulp cavity integrity and dental pulp
exposure (with or without nerve injury), activation of and infiltration by inflammatory
cells, and abscess formation are associated with severe dental pain (see review by Byers
and Narhi, 1999). Similar features of traumatic tooth injury were reported in piglets
subjected to shortening of teeth by clipping or grinding (Hay et al., 2004) (Figure 4.3). It
is therefore highly likely that these procedures also cause intense pain in piglets. Recent
preliminary studies by Sinclair et al. (2018) investigating gene expression in the dental
pulp of piglets whose needle teeth were shortened by either clipping or grinding showed
sustained up-regulation (still evident 6 weeks after tooth injury) of the pro-inflammatory
chemokine CXCL8 in exposed dental pulp with both methods. However, there was no

Figure 4.3. Histological axial sections of a tooth clipped at 3 days of age and collected at 7 (A left) or 28 days
of age (Bright). (1) Tooth pulp is opened and debris is present, (2) fracture in the dentine, (3) haemorrhage, (4)
macxillary bone, (5) abscess in the tooth pulp, (6) resorption of the dentine. Staining with Masson’s trichrome
(magnification: 25 for A, 100 for B). Photo by G. Brunel.
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difference in expression levels between the two methods. The chemokine CXCLS is
involved in a well-known pathway contributing to the development of inflammation at
the site of injury (Enzerink et al., 2009). Its over expression and its cognate receptor are
critical in the development of neuro-inflammation and the establishment of pain (White
et al., 2005). Data from Sinclair et al. (2018) support evidence of a persistent localised
inflammatory state in the tooth pulp induced by both methods of tooth resection.

The influence of tooth resection on piglet growth and mortality varies across studies
with a reduction in growth (Bataille et al., 2002; Weary and Fraser, 1999) and mortality
(Holyoake et al., 2004), no significant effect on growth and mortality (Fu et al., 2019;
Gallois et al., 2005; Lewis et al., 2005b) or an increase in growth (Holyoake et al., 2004)
in piglets with resected teeth.

4.3.4 Possible means to avoid tooth resection

Not performing tooth resection could lead to lesions on the sow mammary glands;
however, tooth resection should not be favoured because it is associated with persistent
dental pain in piglets due to damage to the dental pulp. The only clear positive effect
of tooth resection on piglet welfare is a reduction in the number of skin lesions. The
lesions on piglets can occur during fights between littermates or by rubbing and hitting
each other when at the mammary glands trying to obtain milk. Therefore, a high litter
size, especially when greater than the number of functional teats, and insufficient milk
production are very important risk factors for skin lesions. Avoiding excessive litter
size by cross-fostering piglets or by choosing less prolific genetic lines, as well as early
detection and treatment of milk failure are good means to avoid tooth shortening.

4.4 Tail docking
4.4.1 Why and how this practice is performed

Even though not fully effective, tail docking of piglets reduces the risk of tail biting
(D’Eath et al., 2016; Lahrmann et al., 2017; Thodberg et al., 2018). For this reason, tail
docking is commonly practiced in many farms across the world. As with tooth resection,
this procedure must not be performed on a routine basis in the EU (2001/93/EC, 2001,
2008/120/EC, 2008). However, recent data indicate that pigs are routinely submitted
to tail docking in most European countries (De Briyne et al., 2018). Similarly, most
piglets from large scale farms in China are submitted to tail docking (Yao Wen, personal
communication).

Tail docking is performed with scalpels, scissors, wire cutters or by hot iron cauterization
(Figure 4.4). In most cases, no anaesthetic nor analgesic treatments are performed to
reduce the pain associated with this procedure. The proportion of the tail that is docked
is variable: from only the tip to % of the tail, or even more. Histological observations
from Simonsen et al. (1991) showed the existence of peripheral nerves to the tip of tails
in 1-day old piglets. Furthermore, the presence of A-delta and C-fibre sensory neurons
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Figure 4.4. Image of a piglet during tail docking with a hot iron apparatus. Photo Liat Romme Thomsen.

was recently demonstrated using transmission electron microscopy (TEM) in dorsal and
ventral tail caudal nerves in 3-day-old piglets (Carr et al., 2015), confirming that tail
docking can most definitely cause pain.

4.4.2 Evidence of pain during and shortly after tail docking

An electroencephalographic (EEG) approach was developed to evaluate pain during
tail docking (Kells et al., 2017a, 2019). Indeed, changes in the EEG spectra under light
anaesthesia could reliably indicate pain during surgical castration in horses (Murrell et
al., 2003), sheep (Johnson et al., 2005) and pigs (Haga and Ranheim, 2005). Changes in
the EEG median frequency (F50) and 95% spectral edge frequency (F95), both indices of
nociception, were reported in lightly anaesthetised piglets undergoing tail docking (Kells
etal.,2017a,2019). When comparing pigs tail-docked at various ages and using different
methods, these last authors concluded that tail docking within the first days following
birth may be less painful than docking during the second or third week of postnatal life,
and that tail docking using clippers may be more painful than using a cautery iron.

Pain during tail docking was also demonstrated by behavioural observations. During the
procedure, more defence movements and attempts to escape were observed in docked
than in sham-docked pigs (Courboulay et al., 2015; Herskin et al., 2016; Marchant-Forde
et al., 2009; Prunier et al., 2001; Tallet et al., 2019). However, no effects of the severity (25,
50 or 75% of the tails left) of docking on these vigorous startling movements of the body
and of one or more limbs (= jerks) were found (Herskin et al., 2016). During tail docking,
the number and rate of high-pitched vocalizations (including screams and squeals) as
well as their loudness were higher in pigs docked using cutting pliers or hot iron cautery
than in sham-docked pigs (Backus and McGlone, 2018; Courboulay et al., 2015; Herskin
et al., 2016; Marchant-Forde et al., 2009; Prunier et al., 2001; Tallet et al., 2019). In their
study, Di Giminiani et al. (2017b) found no difference in the call rate, the maximum, or
the mean frequency of the calls but demonstrated higher mean call energy and loudness
in docked than in sham-docked pigs and a lower peak to peak pressure level in docked
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than in sham-docked pigs, with a stronger effect using cold than hot iron cautery. The
percentage of piglets squealing during docking increased with the severity (25 to 75% of
the tail removed) of docking (Herskin et al., 2016). A few experiments demonstrated that
some of the behaviours induced by tail docking were reduced by an analgesic treatment
(see section on Mitigation of pain related to tail docking).

In the minutes after tail docking, while piglets were isolated in a cart, tails were more
often immobile and ears more perpendicular to the head and moving in docked than in
sham-docked pigs (Tallet et al., 2019). During the same period, grunts and high-pitched
vocalizations (Noonan et al., 1994), rapid tail movements (= tail wagging) (Noonan et
al., 1994; Prunier et al., 2001) and having the tail pressed against the body (Prunier et al.,
2001) were more frequent in docked than in sham-docked pigs. In the following minutes
and hours, some behavioural differences were depicted: more tail trembling and less
ample tail movements (Courboulay et al., 2015), more scooting plus huddling and tail
jammed between legs (Backus and McGlone, 2018), more lying (Tallet et al., 2019) and
more lying in the heated creep area (Herskin et al., 2016) being observed in docked than
in sham-docked pigs. On the day after docking (Courboulay et al., 2015) and during the
three (Fu et al., 2019) or four following weeks (Tallet et al., 2019), some differences were
still depicted. There were more tail trembling and less ample tail movements (Courboulay
et al., 2015), a preference for lying in the heated creep area, more time lying alone and
less time fighting/playing (Fu et al., 2019), the tail was more often immobile and in an
horizontal position (Tallet et al., 2019), and piglets displayed more behavioural reaction
to tail touching (e.g. escape, vocalization, aggression; Tallet et al., 2019) in docked than
in sham-docked pigs.

In 1-day old piglets, docking by hot iron cautery did not influence plasma concentrations
of cortisol, ACTH or lactate from 2 to 180 minutes after the procedure (Prunier ef al.,
2005). However, in a more recent experiment using a larger number of 2- or 5-day old
piglets that were sampled once, 30 minutes after treatment, there was an increase in
plasma cortisol in docked (hot iron) compared to sham-handled piglets (Courboulay et
al., 2015). When piglets were docked at 6 days of age, there was also an increase in plasma
cortisol 60 minutes after docking with pliers but not with hot iron cautery (Sutherland
et al., 2008), suggesting again that cautery may be less painful than clipping. In piglets
docked with pliers at a younger age (3 days) the duration of the increase in plasma cortisol
seemed shorter since the difference with sham-docked piglets was present at 30 but not
at 60 minutes after treatment (Sutherland et al., 2011).

Overall, the literature provides clear indications that tail docking elicits pain in piglets.
Procedural pain seems more acute with cold cutting than with hot iron cautery and may
increase with the age of piglets at docking. After surgery, behavioural alterations are of
low or moderate amplitude but seem to persist for several days.

4.4.3 Mitigation of pain related to tail docking

At present, neither analgesia nor anaesthesia are used routinely to alleviate the pain

caused by tail docking. In addition, as reviewed by Sutherland (2015) there is limited
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research regarding effective pain mitigation strategies for piglets. Treatment with a
NSAID such as meloxicam, when administered alone, has been unsuccessful in reducing
the procedural pain of tail docking, as shown by its lack of effect at reducing the intensity
of the vocalizations (Courboulay et al., 2015) or the presence of sudden jerks (Herskin
et al., 2016). Injecting a local anaesthetic at the base of the tail before surgery should
be more efficient. Indeed, subcutaneous injection of lidocaine 15 minutes before tail
docking reduced the behavioural responses during the procedure, hence decreasing the
percentage of piglets squealing or showing jerking movements (Herskin et al., 2016).

Neither meloxicam nor local anaesthesia were efficient in mitigating post-procedural
pain as shown by a lack of effect on the post-procedural behaviour (Courboulay et al.,
2015; Herskin et al., 2016). Performing a subcutaneous injection of lidocaine at the base
of the tail immediately before docking or applying lidocaine topically on the tail-docked
wound were both ineffective in alleviating the post-procedural pain (Sutherland et al.,
2011). More recently, Viscardi and Turner (2019) showed that an intramuscular injection,
20 minutes before surgery, of the opioid buprenorphine alone or in combination with
meloxicam led to a lower occurrence of specific behaviours typically seen after tail
docking, and to a lower grimace score after docking. Even though not fully efficient,
solutions exist to alleviate the acute pain due to tail docking in piglets. However, these
solutions are not simple and are probably not feasible in commercial farms (e.g. lidocaine
at the base of the tail) or would likely not be allowed for use in animals raised for human
consumption (e.g. buprenorphine).

4.4.4 Long term consequences of tail docking

As for castration, tail docking may induce long-term neuropathic pain because it
involves complete transection of nerves. Even though limited, some data on the subject
are available in pigs. First, the existence of traumatic neuroma (random proliferation of
regenerating axons and glial support cells, Figure 4.5) development was demonstrated in
pigs slaughtered one to several months after neonatal tail amputation (Done et al., 2003;
Kells et al., 2017b; Sandercock et al., 2016; Simonsen et al., 1991). The method of docking,
e.g. clipping vs cautery, does not seem to affect the neuroma formation (Kells et al.,
2017b). Such neuromas are known to be sources of pain due to spontaneous discharges
of nociceptive neurones or to hypersensitivity to normal light tactile stimuli (Foltan et
al., 2008). The existence of tail hypersensitivity after docking has been questioned in
pigs (Di Giminiani et al., 2017a,b). In a pioneer study, Sandercock et al. (2011) explored
tail nociceptive sensitivity of pigs submitted to docking with surgical cutters during the
first week after birth by measuring the behavioural response to mechanical and/or cold
stimulation. They compared docked and sham-docked pigs 7 weeks after the treatment
and did not detect any significant differences between the two groups. Similar results
were obtained with pigs docked (one or two thirds of the tail removed) during the first
postnatal week by hot iron cautery and stimulated at the tip of the remaining part of the
tail at approximately 17 weeks of age (Di Giminiani et al., 2017b). In an experimental
model of tail biting, amputation of the tail (one or two thirds of the tail removed) was
performed at 9 or 17 weeks of age and docked animals exhibited signs of mechanical
hypersensitivity at the tail tip at 1, 8 and 16 weeks after surgery, regardless of the severity
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-
Figure 4.5. Inmunobhistological image of a caudal nerve traumatic neuroma in the proximal stump of an 8
week-old pig tail docked at 3 days of age. Image shows transverse section of caudal nerve traumatic neuroma
characterized by widespread axonal proliferation and dispersion (indicated by arrow heads) in the deep
dermis (5100 neural marker immuno-staining; X10). Photo by Dale Sandercock.

of docking (Di Giminiani et al., 2017a). Therefore, it would appear that older pigs may
be more prone to develop hypersensitivity when the tail is amputated. However, the
existence of hypersensitivity cannot be fully excluded in pigs docked at an earlier age
because the lack of a detected difference is not proof of the lack of an existing effect given
the methodological difficulties.

Using a molecular approach, Sandercock et al. (2019) revealed significant and sustained
changes 4 months after tail amputation in 185 inflammatory and neuropathic pain-
associated genes. Tail amputation was performed at 3 (similar to usual tail docking)
or 63 (a surgical model of tail biting in growing pigs) days of age. Gene ontology (GO)
enrichment of gene expression clusters led to the identification of gene family members
of ions channels (e.g. voltage-gated potassium channels) and receptors (e.g. GABA
receptors) that were significantly down-regulated in both tail amputation groups. From
these results, it was proposed that the broader functional consequences of the down-
regulation of these key pain neuromediators serve to increase and maintain peripheral
neuronal excitability after tail amputation injury (Sandercock et al., 2019). This proposal
is supported by histological evidence of traumatic neuroma after tail docking (Done et
al., 2003; Herskin et al., 2015; Sandercock et al., 2016; Simonsen et al., 1991) and by the
presence of long-term mechanical sensitization in tail stumps from tail-amputated pigs
(Di Giminiani et al., 2017a).

Similarly to castration, tail docking leads to procedural pain and stress. Therefore, it
could have negative consequences on the pig-human relationship. Indeed, two weeks
after birth, it takes more time for docked piglets to interact with an unfamiliar human in
an individual test than for undocked piglets (Tallet et al., 2019). This is a sign of increased
fearfulness of humans. Preliminary results suggest that the differences disappear after
weaning (Tallet and Prunier, unpublished data).
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4.4.5 Possible means to avoid tail docking

As previously stated, the reason for tail docking is to reduce the risk of tail biting, which
may occur during the post-weaning or fattening periods and which has strong detrimental
consequences for the welfare and performance of pigs. Therefore, tail docking could
be avoided only if the risk of tail biting is so low that episodes of tail biting are scarce
and, when occurring, can be rapidly overcome by the farmers. This is possible even in
modern pig housing, as shown by examples in Finland, Norway, Sweden and Switzerland,
where the percentage of tail-docked pigs is extremely low (<3%, De Briyne et al., 2018).
Favourable conditions to avoid tail docking have been reviewed in several papers (e.g.
D’Eath et al., 2016; Schroéder-Petersen and Simonsen, 2001; Valros and Heinonen, 2015).
Among key points are proper enrichment material, appropriate space allowance, early
detection and mitigation of biting episodes and good health of the herd. Even though the
environment in which pigs are performing tail biting is of major importance, the pre-
weaning conditions should also be optimized to limit undernutrition, social stress due
to competition and cross-fostering (Prunier et al., 2019).

4.5 Other painful husbandry practices

Beyond castration, tooth resection and tail docking, piglets are often submitted to
several practices within routine management that are potentially painful and that can
have detrimental consequences for their welfare. Some procedures, such as umbilical
cord care or splay-legged piglet management, imply restraint in movement but are not
invasive and thus do not represent a challenge in terms of pain. However, any handling
can be stressful to piglets and can impact future human-animal relationship (Chapter
11, Marchant-Forde et al., 2020). Beyond handling, identification methods are practices
that involve invasive actions on the piglets. Different types of identification methods can
be used, such as ear tattooing, ear tagging, ear notching or microchips implant injection.
Another common type of invasive practice is injection via various routes (intramuscular,
intraperitoneal, subcutaneous) and for different purposes, such as iron supplementation,
vaccination, antibiotic treatment or any other medical treatment. Finally, euthanasia can
also be considered as a potentially painful procedure if the technique used does not
lead to immediate death or loss of consciousness. However, due to space limitations,
euthanasia will not be discussed here.

4.5.1 Evidence of pain during and shortly after the procedures

Identification methods are widely used and sometimes requested for biosecurity or
traceability reasons. The most common methods of identification are ear notching, tagging
or tattooing which involve the injury of innervated tissue and, hence, are potentially
painful. In Australia, a survey in commercial farms showed that ear notching was the
most used technique for identification of weaner pigs (Hernandez-Jover et al., 2008).

Ear notching requires removal of several small parts of the auricle and is undoubtedly
painful, as shown by the piglets’ reaction during the procedure when compared to sham-
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processed piglets. Indeed, the number and intensity of vocalisations (Leslie et al. 2010;
Marchant-Forde et al. 2009, 2014), the number of escape attempts (Marchant-Forde et
al.,2009) or the frequency of piglets demonstrating head withdrawal (Lomax et al., 2018)
were higher in notched piglets. After the procedure, ear-notched piglets also perform
more grunts, head shaking and ear scratching, and spend less time standing and more
time awake but inactive for up to 3 hours when compared to controls, thereby suggesting
the presence of pain (Leslie et al., 2010; Marchant-Forde et al., 2009; 2014; Noonan et
al., 1994). Ear tagging is less damaging than ear notching because it involves a single
puncture of the auricle; therefore, it should be less painful. Indeed, ear tagging triggers
behavioural responses, vocalizations and defence movements, but the response is less
marked than during ear notching (Leslie et al., 2010; Marchant-Forde et al., 2009).
This lower response of ear tagging may also be related to a shorter procedure duration.
Plasma cortisol concentrations 4 hours after notching or ear tagging did not differ when
compared to sham-processed piglets (Marchant-Forde et al., 2009), but it was probably
too late to measure the cortisol response to pain. Indeed, an increase in plasma cortisol
was seen 30 and 60 minutes after performing ear notching (Numberger et al., 2016). Yet,
no comparison was done at this time between the two techniques. When observed over
3 hours after the procedure, head shaking and ear scratching were expressed more often
after ear tagging than after ear notching (Leslie et al., 2010), which could be explained
by the presence of a foreign body in the ear instead of by a more intense pain. During
the same 3-hour period, ear-tagged piglets stood less and spent more time awake but
inactive and in isolation than sham-processed piglets (Leslie et al., 2010). No differences
between ear-tagged and ear-notched piglets were depicted for these behaviours (Leslie
et al., 2010). The healing process evaluated until 14 days after the procedure was better
following ear tagging than ear notching (Marchant-Forde et al., 2009). Tattooing is less
used than ear notching or tagging and studies on its welfare consequences are scarce. One
very important flaw of tattooing is its low readability after a few months (Barbieri et al.,
2012; Gosalvez et al., 2007). Only one study reported on the behaviour of piglets within 5
minutes of the procedure in comparison to other identification methods (Barbieri et al.,
2012). Tattooed pigs displayed similarly low frequencies of head shaking or ear scratching
than pigs receiving an intraperitoneal implant, being much lower than in pigs receiving
an electronic ear tag (Barbieri et al., 2012).

New identification techniques using microchip implants of various size (from 1.4 x 8 mm
to 4 x 32 mm) allowing wireless RFID identification have been tested (Barbieri et al., 2012;
Bergqvist et al., 2015; Leslie et al., 2010). These implants can be injected subcutaneously
at the auricle base or intraperitoneally. During the 5 minutes after injecting an electronic
ear implant, piglets did not show increased frequencies of head shaking or ear scratching
when compared to piglets receiving an electronic ear tag (Barbieri et al., 2012). Auricle
based implants also lead to less ear lesions than ear tags (Bergqvist et al., 2015). Piglets
injected intraperitoneally with an electronic implant spent less time standing and more
time isolated and awake but inactive during the 3 hours following the procedure compared
with sham-treated piglets, hence suggesting the presence of post-procedural pain (Leslie
et al., 2010). Piglets are often submitted to subcutaneous or intramuscular injections
for health care as preventive measures (e.g. iron treatment or vaccinations) or to treat
a disease. More rarely, injections can be performed for pain mitigation (see previous
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section on castration). In either case, the level of tissue damage is low so that the expected
pain is mild. There are few studies examining pain responses of piglets to injections.
Beyond the studies on microchip implants previously discussed, Marchant-Forde et al.
(2009, 2014) compared intramuscular injection of iron to oral administration and sham-
processing of piglets and no differences were observed in behavioural responses that are
indicative of pain during the procedure.

In a few studies, authors tried to compare the response to ear notching or ear tagging
with that to tail docking. When correcting for the duration of the procedure, tail-docked
piglets exhibited more vocalizations during the procedure than ear-notched piglets
(Noonan et al., 1994). Such a difference was also observed in the minute following return
of the piglets to the home pen. The increase in cortisol concentrations 30 and 60 minutes
after the procedure was similar for pigs submitted to tail docking and to ear tagging
(Numberger et al., 2016). Interestingly, ear notching, tail docking and tooth resection
have also been studied in combination (Marchant-Forde et al., 2014; Noonan et al., 1994;
Torrey et al., 2009; Van Beirendonck et al., 2011a) because they are often carried out at
the same age and time in commercial piggeries. From these studies, it is clear that piglets
submitted to combined procedures exhibit similar behavioural responses as reported for
each site of intervention separately (ear, teeth and tail) but it is unclear if the intensity of
their pain response is higher or lower than when procedures are conducted separately.

It is evident that identification methods can induce acute pain due to the focal injury of
innervated tissue and, in addition, discomfort when an external foreign body is attached
(e.g. ear tag). The intensity and duration of the induced pain is difficult to evaluate and,
even more so, to compare between identification methods due to an insufficient number
of studies, especially in the hours and first day after identification procedures are applied,
and also due to a lack of common protocols to evaluate pain. However, from the existing
literature, it seems that ear tagging is preferable to ear notching and that, from a welfare
perspective, a subcutaneous implant would be even better.

4.5.2 Mitigation of pain related to the procedures

Several methods can be used to alleviate pain during and after these procedures are
performed using general or local anaesthesia, or analgesia (Dzikamunhenga et al., 2014).
In the case of routine injections (e.g. vaccination), the level of pain is suspected to be
low so that pain alleviation is not required. In the case of identification methods where
the level of pain is probably moderate, pain alleviation would be useful but general
anaesthesia is probably excessive except if other painful interventions are performed
simultaneously. One study looked at the use of 100% CO, anaesthesia during combined
procedures including tail docking, tooth resection, ear tagging and iron injection in 7-day
old piglets and concluded that pain sensation is only delayed until after the procedure
(Van Beirendonck et al., 2011b). For identification at the ear level, several ways to mitigate
pain were tested, such as local anaesthesia (Lomax et al., 2018), injection of a NSAID
(Numberger et al., 2016; Ubel et al., 2015) or administration of sucrose (Rand et al., 2002).
During the procedure, local anaesthesia using either a topical vapocoolant spray which
reduces ear temperature to below 10 °C, or an anaesthetic such as lidocaine infiltrated
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in the edge of the ear, were effective in reducing the response of piglets to ear notching
(Lomax et al., 2018). The use of a vapocoolant spray was also efficient in reducing pain
from ear tagging and ear notching in calves (Lomax et al., 2017). The vapocoolant spray
has the further advantage of being non-invasive. Unfortunately, longer-term pain was
not assessed in these studies. Eutectic mixture of local anaesthetics (EMLA) cream was
proven efficient for local non-invasive anaesthesia in rabbits undergoing ear tattooing
(Keating et al., 2012), but this method has not been reported in piglets yet. Intramuscular
injection of meloxicam 30 minutes before ear tagging was effective in reducing the blood
cortisol increase after ear tagging of 3-day old piglets (Numberger et al., 2016). However,
this method requires manipulating piglets twice and performing an injection that may
cause further stress. Finally, behaviour of piglets receiving an oral administration of a
12% sucrose solution just before the procedure was similar to that of piglets receiving a
placebo (Rand et al., 2002).

To conclude, some non-invasive and effective options are available to reduce the pain
caused by tissue-damaging identification procedures. The vapocoolant spray has the
advantage of a 2 second application time and instantaneous effect while EMLA has to
be applied 20 minutes before the procedure, hence requiring a second manipulation of
the piglets. For post-procedural pain, intramuscular NSAID administration seems to be
effective but involves additional handling.

4.5.3 Long term consequences of the procedures

Most of the studies previously cited have focussed on the short-term consequences of
identification methods, and long-term consequences are generally not considered. Only
one study looked at the presence of lesions on ears with tags at slaughter and reported
an incidence of 23.4% visible wounds at the ear tag site (Bergqvist et al., 2015). Several
studies have looked at the impact of handling and human attitudes towards piglets on
later human-animal relationships. For example, Sommavilla et al. (2011) showed that an
aversive attitude of the caregiver during lactation significantly increases the reactivity of
piglets towards humans at weaning and adversely affects their behaviour with penmates
for the first two or three days after weaning, with more escape attempts, more fighting
and less resting. Indeed, piglets are able to remember aversive or gentle handling for
several weeks (Brajon et al., 2015b) or even months (Hemsworth and Barnett 1992) and
can discriminate between handlers depending on their previous experience with them
(Brajon et al., 2015a).

4.5.4 Possible means to avoid the procedures

Since injections are often related to health care and medical treatment of piglets, the cost
of not applying sanitary prevention procedures or treating sick piglets may largely offset
their negative impact in terms of pain. Furthermore, even with a potentially painful
injection such as anaesthetic injection into the testis, the benefits of anaesthesia during
castration would definitely outweigh the costs of the pain related to the injection when
compared to subjecting piglets to castration without anaesthesia (Haga and Ranheim,
2005). Considering identification methods, regulations vary between countries and
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regions (Madec et al., 2001; Schembri et al., 2007). If identifications are an obligation
for traceability purposes, piglets in commercial settings may not be identified at a young
age, and slap tattooing would occur just before departure to the slaughter plant. However,
individual identification on farm still remains a good practice for health and breeding
management. Considering the pain incurred by ear-tagging or ear-notching, microchip
injection would represent a good alternative.

4.6 Conclusions

The present chapter clearly shows that husbandry practices are sources of pain for piglets.
The sensory component of pain was demonstrated by EEG changes at the brain level,
spontaneous behaviours to avoid tissue damage (avoidance and defensive reactions)
when the procedure is being applied, the induction of pain mediators in neural pathways
of pain, and the existence of hyperalgesia in nociceptive tests later on. The emotional
component is less documented; however, vocalizations during the procedure, some general
behavioural changes after the procedure (e.g. isolation or being awake but inactive),
and the later deterioration of the animal’s confidence in humans can be considered as
evidence of a negative affective state. To the best of our knowledge, no studies have used
motivational or cognitive bias tests in pigs that have undergone husbandry practices.
Therefore, such methods of assessing the emotional component of pain in response to
painful management procedures need to be developed in pigs.

Possibilities to reduce the welfare consequences of painful husbandry practices exist for
most of them either by choosing the less painful option or by treating animals with
analgesics or anaesthetics. In most cases, adequate pain mitigation requires a multimodal
approach involving the provision of anaesthesia (local or general) for procedural pain,
and analgesics (e.g. NSAIDs) for post-procedural pain. Stopping most of these practices
is also possible but at the cost of modifying rearing conditions (e.g. housing for tail
docking), choosing different genetic lines or changing the selection goals (e.g. less prolific
lines for tooth resection) and even adapting the whole production chain (e.g. testing
boar taint in slaughterhouses). Nevertheless, in order to choose with certainty the least
harmful practice or the best protocol for pain mitigation that comply with the legislation
on animal production for human consumption, we must develop practical, reliable and
validated methods of pain assessment that take into account the sensory and emotional
facets.
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