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Pain behaviour after castration of piglets; effect of pain relief
with lidocaine and/or meloxicam

M. Kluivers-Poodt1-, J. J. Zonderland1a, J. Verbraak1, E. Lambooij1 and L. J. Hellebrekers2

1Wageningen UR Livestock Research, PO Box 65, 8200 AB Lelystad, The Netherlands; 2Faculty of Veterinary Medicine, Utrecht University, PO Box 80154,
3508 TD Utrecht, The Netherlands

(Received 20 August 2012; Accepted 10 December 2012; First published online 7 February 2013)

Behavioural responses and the effect of lidocaine and meloxicam on behaviour of piglets after castration were studied. A total
of 144 piglets of 2 to 5 days of age were allocated to one of six treatments: castration (CAST), castration with lidocaine (LIDO),
castration with meloxicam (MELO), castration with lidocaine and meloxicam (L 1 M), handling (SHAM) and no handling (NONE).
Behaviour was observed for 5 days after the procedure, growth until weaning was recorded and characteristics of the castration
wound noted. MELO piglets showed significantly (P , 0.05) more no pain-related behaviour than CAST and LIDO at the afternoon
after castration, and were not significantly different from SHAM and NONE. LIDO piglets showed an increase (P , 0.001) in tail
wagging, lasting for 3 days. This increase was not seen in L 1 M piglets. The occurrence of several behaviours changed with age,
independent of treatment. A treatment effect on growth was not found. Wound healing was rapid in all treatments, but thickening
of the heal was observed in several piglets, suggesting perturbation in the cicatrization process. Our study showed a pain-relieving
effect of meloxicam after castration. Local anaesthesia resulted in piglets performing more tail wagging during the first few days
after castration, which was prevented by administering meloxicam in combination with local anaesthesia.
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Implications

This study shows that meloxicam has a pain-relieving effect
on piglets after castration. Lidocaine has no lasting pain-
relieving effect after castration; it increases tail wagging
after castration, an effect that is not seen when meloxicam is
also administered. Meloxicam should therefore always be
provided when piglets are castrated.

Introduction

In the 1st week of life, most piglets are subjected to several
procedures, one of them being castration. These procedures,
however, are a subject of societal debate and meet
increasing resistance not only because of the physical muti-
lation and accompanying pain, but also because of the harm
to the pigs’ integrity (Lassen et al., 2006). Male piglets are
primarily castrated to reduce the risk of boar taint in pork.
In most countries, surgical castration is still performed
without providing pain relief, although substantial evidence
is present that this procedure causes pain (for extensive

review on castration see: von Borell et al., 2009). Castration
has been shown to lead to abnormal postures and beha-
vioural changes indicative of pain (Wemelsfelder and
van Putten, 1985; McGlone et al., 1993; Hay et al., 2003).
Hay et al. (2003) showed that these changes are most
pronounced in the first hours following castration, but some
remain present in subsequent days, indicating that piglets
experience prolonged pain.

Lidocaine is a membrane stabilizer that abolishes the
ability of an electrical stimulus to elicit an action potential,
and thus prevents pain stimuli to reach the central nervous
system (Pugh, 1991). The anaesthesia is temporary, and
recovery occurs when lidocaine is absorbed from its site
of administration and action. Lidocaine is injected intrates-
ticularly, as well as subcutaneously into the scrotum. It
diffuses from the testicles into the spermatic cord and
provides anaesthesia within 10 min after administration. The
anaesthetic effect lasts for ,1 h (Ranheim et al., 2005).
It has been shown that local anaesthesia, injected into the
testicle, can reduce pain responses during and shortly after
castration (McGlone et al., 1993; Haga and Ranheim, 2005;
Kluivers-Poodt et al., 2012). On the basis of heart rate and
vocalizations, White et al. (1995) reported that castration of
8-day-old piglets with local anaesthesia was less painful
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compared with castration without anaesthesia. McGlone
and Hellman (1988) found that lidocaine reduced the
depression in nursing behaviour during the first 30 min
following castration in 7-day-old piglets. An undesirable side
effect of the local administration of lidocaine might be
impaired wound healing.

Post-operative pain relief in piglets generally implies
the administration of a non-steroidal antiinflammatory drug
(NSAID). Meloxicam is a NSAID of the oxicam class, which
inhibits prostaglandin synthesis via relatively selective inhibi-
tion of cyclo-oxygenase-2 (COX-2), thus generating analgesic,
antipyretic and antiinflammatory properties (Engelhardt et al.,
1995). It is the only NSAID in The Netherlands that is regis-
tered for post-operative pain relief in piglets following minor
surgery. Keita et al. (2010) and Hansson et al. (2011) have
shown a beneficial effect of meloxicam on behaviour during
the 1st day after castration. A prolonged effect of meloxicam
on piglet behaviour on successive days has, to our knowledge,
not yet been investigated.

The main aim of this study is to investigate the effect of
pain relief with lidocaine and/or meloxicam on behaviour
and wound healing of piglets during the first 5 days after
castration. Growth until weaning was measured to assess
the impact of treatments on the performance of piglets.

Material and methods

This study was approved by the Ethical Experimental
Committee of Wageningen UR Livestock Research, Lelystad,
The Netherlands.

Animals and housing
A total of 144, 2- to 5-day-old, piglets were used in two
successive replicates, with six male piglets from each of
12 litters per replicate. Yorkshire 3 Dutch Landrace sows
were moved into farrowing pens ,1 week before the
expected farrowing date. They were fed twice daily, at 0815
and 1545 h. Room temperature was set at 208C until the first
sows gave birth, and was then increased to 238C. Piglets
were weaned at 24 to 28 days of age, with all 12 litters of a
replicate weaned at the same day.

Treatments
Within 24 h after birth, litters were standardized to 12 piglets
per litter (seven males and five females), and the weight of
all piglets was recorded. Six male piglets were selected
(cross-fostered piglets were not included), individually
marked and randomly assigned to a treatment group. Piglets
were 2 to 5 days old at the start of the experiment, no
procedures were applied to the piglets before the experiment.
Treatments included in the study were: CAST, Castration,
LIDO, Castration with lidocaine (Lidocaine HCl 2%, Eurovet,
Bladel, The Netherlands; 0.8 ml intratesticularly and 0.2 ml
subcutaneously injected on each side), MELO, Castration with
meloxicam (Novem 5�R , Boehringer Ingelheim, Alkmaar, The
Netherlands; 0.4 mg/kg BW injected intramuscularly behind

the ear), L 1 M, castration with lidocaine and meloxicam,
SHAM, handling and NONE, no handling. On the day of
the experiment, all experimental piglets, except NONE, from
one litter were collected and confined in a crate in the pen.
LIDO, MELO and L 1 M piglets received lidocaine and/or
meloxicam and time of administration was recorded. All
piglets were kept in the crate until the actual procedure was
performed, 15 min later. Treatments per litter were carried out
in random order. Castrated piglets were restrained during
castration using a castration clamp (MS Schippers, Bladel, The
Netherlands). The scrotum of the piglet being castrated was
disinfected with alcohol (70%). With a scalpel, one horizontal
incision was made over both testicles, cutting into the scrotum
and tunica vaginalis. The testicles were pushed out, and the
spermatic cords were severed with the scalpel. SHAM piglets
were handled for the same length of time as castrated piglets.
All piglets were weighed, remarked and placed back into
the farrowing pen. Then, the piglet belonging to the NONE
treatment was caught, weighed, remarked and replaced in the
farrowing pen. A veterinarian administered the lidocaine and
meloxicam. Castration was performed by a skilled technician.
Treatment of the 12 litters in each replicate took place
between 1000 and 1130 h.

Behavioural observations
Behavioural observations started within 15 min after the last
litter was treated, and were carried out for 5 successive days.
The behaviour of each piglet was recorded using scan sam-
pling every 12 min, during two periods in every day; once in
the morning and once in the afternoon. Each observation
period resulted in a total of 16 scans per experimental piglet
and 128 scans for each piglet during the entire experiment.
Behaviours were scored according to a modified ethogram
described by Hay et al. (2003) (see Table 1).

Observations were recorded using a Psion Workabout and
uploaded into ‘Observer’ software (Noldus, Wageningen,
The Netherlands). All observations were carried out by the
same observer, standing in the control alley of the farrowing
unit. The markings of the piglets did not correspond with
treatments, thus eliminating observer bias as much as
possible. Within each scan, all piglets were scored for each
category: non-specific behaviours, pain-related behaviours,
tail wagging, absence of pain-related behaviour and isolation.
The percentage of scans for each behaviour were calculated
for each observation period, as well as for the entire period of
the study, and analysed statistically.

Weight gain and wound characteristics
Piglets were weighed at the day of birth, D1 (day of the
experiment), D5 and the day of weaning. Individual daily
weight gain was calculated for three periods: D1 to D5,
D5-weaning and birth-weaning. Calculated individual daily
weight gains for each period were used for statistical analyses.
Characteristics of the castration wound were noted on D5 and
on the day of weaning. Characteristics that were noted were:
closing of the wound, presence and aspect of exudate, signs of
inflammation (calor, dolor, rubor, tumor).
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Statistical analyses
Data were analysed for the effect of lidocaine and meloxicam
on behaviour after castration. Statistical analysis was per-
formed by fitting linear mixed models to the data, using
the method of residual estimated maximum likelihood of
the statistical software Genstat (GenStat, 2002). To stabilize
the variance of the behavioural data, arcsine-square root
transformation was applied before analysis. To the beha-
vioural data of all observation periods, the following linear
mixed model was fitted:

yijkl ¼ m þ ri þ tk þ pl þ rtik þ rpil þ tpkl

þ rlij þ aijk þ �ijkl ð1Þ

where yijkl is arcsine-square root transformed behavioural
incidence, the fixed model terms are: m the overall constant;
ri effect of replicate i; tk effect of treatment k; pl effect
of period l; rtik, rpil, tpkl corresponding interactions. The
remaining model terms rlij effect of litter j within replicate
i and aijk effect of animal with treatment k in litter j of
replicate i are assumed random to describe the covariance
structure in the repeated measurement data. eijkl is the random
error. To the behavioural data of a separate observational
period the following linear mixed model was fitted:

yijk ¼ m þ ri þ tk þ rtik þ rlij þ �ijk ð2Þ

where yijk represents arcsine-square root transformed beha-
vioural incidence or daily weight gain per period. The fixed

model terms are: m the overall constant; ri effect of replicate i ;
tk effect of treatment k; rtik corresponding interaction. rlij effect
of litter j within replicate is assumed random to describe the
covariance structure in the repeated measurement data. eijk is
the random error. Fixed model effects were tested using
the corresponding Wald tests. For significant (P , 0.05) treat-
ment effects and period 3 treatment interaction, differences
between pairwise treatment means were tested using t-tests.

Results

Observational data of three piglets were missing; two piglets
died in the days before the experiment (both NONE), and
one piglet died during the observation week (CAST). Piglets
spent ,1% of the scans displaying belly-nosing, playing,
aggression, prostrated, trembling and scratching. Because of
these low incidences, these behaviours could not be analysed
in individual observation periods. Pain-related behaviours
decreased over time, regardless of treatment, in particular
because of a decrease of huddled-up behaviour. The percen-
tage of scans with no pain-related behaviour increased in the
course of 5 days for all treatments (see Table 2).

There was a significant treatment effect on No pain-rela-
ted behaviour on D1-PM and D2-AM only. MELO and NONE
piglets showed significantly (P , 0.05) more No pain-related
behaviour than LIDO and CAST (D1-AM only) piglets. MELO
was not significantly different from SHAM and NONE. The
treatment effect on tail wagging was significant from D1-PM
until D3-PM. LIDO piglets showed significantly (P , 0.001)

Table 1 Description of recorded behaviours (modified after Hay et al., 2003)

Behaviour Description

Non-specific behaviours
Suckling Teat in the mouth, vigorous and rhythmic suckling movements
Looking for teat Attempts to find a teat by walking and pushing other piglets while most of the others are suckling
Nosing Snout is close to or in contact with a substrate or a pen-mate, snout movements may be observed
Belly-nosing Repeated up and down massage movements with the snout touching another piglet or the sow (except the udder)
Manipulating Nibbling, chewing or licking at littermates, floor, pen walls or substrates
Playing Head shaking, sudden jumping or leaping, running with vertical and horizontal bouncy movements. Can involve

partners (gentle nudging or pushing, mounting, chasing)
Aggression Forceful fighting, pushing with the head or biting littermates in a violent manner
Walking Slowly moving forward with one leg at a time
Awake inactive Awake without performing a special activity; in lying, sitting or standing position
Sleeping Lying down, eyes closed

Pain-related behaviours
Prostrated Awake, sitting or standing motionless, with the head lower than shoulder level
Huddled up Lying with at least three legs tucked under the body
Stiffness Lying with extended and tense legs
Trembling Shivering as with cold; in lying, sitting or standing position
Spasms Quick and involuntary contractions of the muscles under the skin of a leg
Scratching Scratching of the hind area by rubbing it against the floor or the pen walls

Tail wagging Tail movements from side to side or up and down
No pain-related behaviour No pain-related behaviour visible
Social cohesion behaviour

Isolated Aside from other piglets, alone or with one pen-mate at the most. A distance of at least 40 cm separates the animal
from the closest group of littermates
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more Tail wagging than the other treatments during that
period (see Table 3). Sporadic treatment effects were
present for Isolated (D3-PM), awake inactive (D4-PM),
walking (D3-AM and D4-PM) and manipulating (D3-AM).

A treatment effect on growth until weaning was not
found, only a replicate effect (P , 0.05) was found for growth
until and after castration. Castration wounds healed rapidly in
all treatments, only two LIDO piglets still had an open wound
with some serous exudate at D5. At the day of weaning, none
of the castration wounds showed signs of inflammation.
However, in the second replicate, a bilateral thickening of the
scrotal area was found in 16 piglets; 6/12 LIDO, 6/12 L 1 M
and 4/12 MELO piglets. In these cases, no characteristic signs
of inflammation (calor, rubor, dolor) were present.

Discussion

The results of this study show a lower level of No pain-related
behaviour in CAST and LIDO piglets during the 1st day after
castration, compared with MELO, SHAM and NONE. This dif-
ference between treatments was not found in subsequent
days, which is in contrast with other studies (Hay et al., 2003;
Llamas Moya et al., 2008). In our study, piglets were not
subjected to painful procedures before the experiment,
whereas in the studies of Hay et al. (2003) and Llamas
Moya et al. (2008) piglets underwent tail docking and iron
injection immediately after birth. These early-life experiences,
together with other methodological differences, could induce

an altered response to pain. Previous injuries can lead to
association of handling with acute pain, and thereby increase
stress during handling (Prunier et al., 2006). They can also
induce secondary hyperalgesia and thereby increase the
pain reaction to castration (Lavand’homme, 2006). Local
anaesthesia with lidocaine has a pain-relieving effect during
castration (White et al., 1995; Haga and Ranheim, 2005;
Kluivers-Poodt et al., 2012); however, our study shows that
lidocaine has no longer lasting effect after castration. This is
in compliance with the action time of lidocaine of ,1 h
(Ranheim et al., 2005). In our study, LIDO piglets exhibited
more tail wagging during 3 days after castration compared
with CAST piglets. To our knowledge, this effect has not been
described earlier and cannot readily be explained. In piglets
that also received meloxicam, tail wagging was not increased
during the days after castration. Our study shows, that
meloxicam provided pain relief during the afternoon after
castration. Castrated piglets treated with meloxicam showed
the same level of No pain-related behaviour as piglets that
were not castrated (SHAM and NONE), and showed sig-
nificantly more No pain-related behaviour than castrated
piglets (with or without lidocaine). This positive effect of
meloxicam on behaviour, during 1 day after castration, con-
firms the findings of Keita et al. (2010) and Hansson et al.
(2011). They studied behaviour during a few hours to 1 day
after castration. Our study shows that the pain-relieving effect
of meloxicam lasts for at most 22 to 24 h after the procedure,
which is in line with its pharmacological properties.

Table 2 Occurrence of No pain-related behaviour

D1-PM D2-AM D2-PM D3-AM D3-PM D4-AM D4-PM D5-AM

CAST 66.1 6 3.6a 67.7 6 4.7ab 78.4 6 4.3 72.9 6 4.7 83.9 6 4.1 82.3 6 4.7 83.6 6 4.5 88.0 6 4.4
LIDO 66.1 6 3.4a 67.4 6 3.5a 80.5 6 2.6 80.7 6 3.2 87.5 6 2.3 83.9 6 3.0 86.5 6 2.8 93.8 6 2.2
L 1 M 71.6 6 3.4ab 72.4 6 3.4ab 80.5 6 3.4 79.7 6 3.1 86.5 6 2.5 87.2 6 2.8 84.6 6 2.8 90.1 6 2.6
MELO 74.5 6 3.6b 74.7 6 4.0b 79.9 6 2.8 78.9 6 3.5 89.3 6 2.5 87.8 6 2.4 89.6 6 2.0 91.7 6 2.4
SHAM 74.0 6 3.4b 71.6 6 3.5ab 80.7 6 2.9 79.4 6 3.1 90.9 6 2.2 87.2 6 2.8 91.4 6 2.1 90.4 6 3.0
NONE 74.4 6 3.1b 75.9 6 3.5b 77.6 6 3.3 79.8 6 3.2 88.1 6 2.3 89.2 6 2.4 90.3 6 2.3 92.6 6 2.0

CAST 5 castration; LIDO 5 castration with lidocaine; MELO 5 castration with meloxicam; L 1 M 5 castration with lidocaine and meloxicam; SHAM 5 handling;
NONE 5 no handling.
Percentage of scans, means 6 s.e.m.
abP , 0.05: comparison between experimental treatments within periods.

Table 3 Occurrence of tail wagging

D1-PM D2-AM D2-PM D3-AM D3-PM D4-AM D4-PM D5-AM

CAST 1.3 6 0.8a 4.2 6 1.5a 2.6 6 1.7ab 4.4 6 2.0a 3.6 6 1.5 4.4 6 1.3 3.4 6 1.4 6.0 6 2.2
LIDO 6.5 6 1.8b 10.7 6 2.9b 10.4 6 2.6c 11.7 6 3.0b 6.5 6 2.3 7.3 6 2.1 7.8 6 1.7 4.9 6 1.7
L 1 M 1.8 6 0.9a 6.0 6 1.8a 4.2 6 1.7ab 5.5 6 1.7a 4.7 6 1.9 5.5 6 2.2 4.4 6 1.8 4.4 6 1.6
MELO 2.1 6 1.0a 3.1 6 1.2a 4.7 6 1.6b 5.7 6 1.7a 5.2 6 1.8 3.6 6 1.4 4.7 6 1.8 3.4 6 1.5
SHAM 1.8 6 0.9a 3.9 6 1.4a 4.7 6 2.1b 3.6 6 1.5a 3.6 6 1.3 3.6 6 1.4 3.9 6 1.5 1.6 6 1.0
NONE 1.4 6 1.0a 3.4 6 1.1a 1.4 6 1.1a 2.8 6 1.5a 2.6 6 1.0 3.4 6 1.3 4.0 6 1.2 4.8 6 1.7

CAST 5 castration; LIDO 5 castration with lidocaine; MELO 5 castration with meloxicam; L 1 M 5 castration with lidocaine and meloxicam; SHAM 5 handling;
NONE 5 no handling.
Percentage of scans, means 6 s.e.m.
abcP , 0.001: comparison between experimental treatments within periods.
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Pain-related behaviours in our study decreased over time,
independently of treatment, mostly because of a decrease of
huddled-up behaviour. An age effect in behaviours was also
described by Torrey et al. (2009); they found that 1-day-old
piglets trembled more compared with 3-day-old piglets. This
underlines the importance of including control treatments in
a study design.

There was no effect of treatment on growth. This is in line
with the findings of Hay et al. (2003) and Kluivers-Poodt et al.
(2012) and indicates that growth is not a sensitive indicator of
procedural pain in piglets. The speed of wound healing after
castration was not influenced by the use of lidocaine or
meloxicam. However, a thickening of the scrotum was found
in several LIDO, MELO and L 1 M piglets, as opposed to CAST
piglets. This is also reported by Hansson et al. (2011). An
explanation for this thickening remains unclear.

Conclusion

Castration leads to a decrease in No pain-related behaviour in
the day(s) following castration, compared with control animals.
This is not influenced by the use of lidocaine. Our study shows
that meloxicam provides pain relief during the day after the
procedure, in piglets castrated with and without lidocaine.
Therefore, post-operative pain relief with meloxicam should be
provided, also when local anaesthesia with lidocaine is applied.
When following the 3S approach (Suppress, Substitute, Sooth),
as suggested by Guatteo et al. (2012), application of meloxicam
in castration would meet the demands to sooth the pain,
caused by unavoidable painful procedures. This application
should be generally accepted, until castration can be either
substituted or, preferably, eliminated.
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