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Industry summary: 

According to current commercial practice, tail docking of pigs is performed without analgesia and is therefore 
acutely painful. Negative public perception concerning tail docking without the use of pain-relief is 
increasing; therefore it would benefit the industry to investigate plausible methods of pain mitigation. Before 
undertaking pain mitigation studies, pain assessment techniques should be validated across the range of 
ages at which tail docking is routinely carried out. 

The aim of the current study was to examine the electroencephalographic (EEG) responses of anaesthetised 
pigs aged between 1 and 15 days to the painful stimulus of tail docking, in order to identify potential 
differences in pain processing within this age range and to determine the suitability of EEG as a tool for pain 
assessment across this age range. 

Ten pigs aged 1, 5, 7, 10, 12 and 15 days (n=60 total) were lightly anaesthetised and their EEG continuously 
recorded whilst undergoing tail docking using side cutter pliers. The summary variables median frequency 
(F50), 95% spectral edge frequency (F95) and total power (PTOT) were generated from the recorded EEG data. 
Statistical analyses were performed to compare consecutive 15-second blocks of EEG to baseline within each 
age group and to compare time blocks between different ages. 

EEG responses typical of pain signal processing were seen in pigs aged 5–15 days, validating the use of EEG 
for pain assessment in this age range. There was limited evidence of an age-related progression in EEG 
responses to tail docking, with more pronounced responses observed with increasing age. The change in F50 
varied according to age, with F50 showing either no change or a transient decrease after docking in younger 
pigs (1–7 days) and no change or an increase in older pigs (10–15 days), with 10 day-old pigs exhibiting an 
initial decrease followed by a later increase. The absence of an initial decrease in F50 in 15 day-old pigs 
suggests that the mature response to tail docking emerges by 15 days of age. 
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One day-old pigs showed no statistical evidence of a nociceptive response following tail docking, and 
exhibited lower EEG frequency overall than the other age groups, suggesting a difference in neural maturity 
and/or processing of pain signals at this age. Whether or how this relates to pain perception in conscious 
pigs requires further investigation. However, these data provide some support for current recommendations 
that tail docking be carried out within 72 hours of birth.  

Based on the more pronounced and adult-like EEG responses observed in older pigs (>10 days of age), these 
may provide a better model for the future EEG study of general pain mitigation strategies. 
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Scientific abstract: 

Aim: The objective of this study was to examine the electroencephalographic (EEG) responses of lightly 
anaesthetised pigs aged between 1 and 15 days to the noxious stimulus of tail docking, in order to identify 
potential differences in nociceptive processing within this age range and to determine the suitability of EEG 
as a tool for pain assessment across this age range. 

Methods: Sixty commercial white line male pigs were subjected to tail docking with side cutter pliers under 
light halothane anaesthesia at 1, 5, 7, 10, 12 or 15 days-of-age (n=10 per age). Electroencephalographic (EEG) 
data were continuously recorded throughout the procedure, and the summary variables median frequency 
(F50), 95% spectral edge frequency (F95) and total power (PTOT) for consecutive 1-second epochs were 
derived from the resultant data. Mean values for F50, F95 and PTOT were calculated for the 5 minutes of 
baseline preceding tail docking and for consecutive 15-second time bins up until 3 minutes following tail 
docking. Within-age comparisons to baseline and between-age comparisons over all time bins were 
conducted using mixed linear models in SAS 9.1.3. 

Results: EEG recorded from 1 day-old pigs differed to that of the other age groups overall, with F50 lower 
than that recorded at any other age, F95 lower than that at 5, 7, 10 or 12 days and PTOT lower than that at 7 
days. Within-age comparisons to baseline revealed an increase in F50 and decrease in PTOT after docking in 
15 day-old pigs. In 12 day-old pigs, PTOT decreased after docking, whilst F50 was unchanged. In 7 day-old pigs, 
F50 transiently decreased after docking while PTOT was unchanged. In 5 day-old pigs, F50 was unchanged 
after docking while PTOT decreased. In 1 day-old pigs there was no change in F50, F95 or PTOT following tail 
docking.  The 10 day-old pigs showed a transient decrease followed by an increase in F50 and was the only 
group to show an increase in F95. 

Conclusions: EEG responses consistent some degree of nociception were observed in pigs aged 5–15 days, 
validating the use of EEG for pain assessment in this age range. There was limited evidence of an age-related 
progression in EEG responses to tail docking. 

The change in F50 varied according to age, with F50 showing no change or a decrease after docking in pigs 
aged 1–7 days, an initial decrease followed by a later increase in 10 day-old pigs and an increase only in pigs 
aged 15 days. The absence of an initial decrease in F50 in 15 day-old pigs suggests that the mature response 
to tail docking has emerged by 15 days of age. 

One day-old pigs showed no evidence of a nociceptive response following tail docking, and exhibited lower 
EEG frequency overall, suggesting a difference in neural maturity and/or processing of nociceptive signals at 
this age. Whether or how this relates to pain perception in conscious pigs requires further investigation. 
However, these data provide some support for current recommendations that tail docking be carried out 
within 72 hours of birth. 

Based on the more pronounced and adult-like EEG responses observed in 15 day-old pigs, this age group or 
older may provide a better model for the future EEG study of general pain mitigation strategies. 
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Introduction: 

Globally, almost all intensively reared piglets are tail docked to reduce the incidence of tail biting, which has 
both economic and welfare impacts (Sutherland et al. 2009). Commercially, tail docking is performed with 
no analgesia and is therefore acutely painful to piglets, as indicated by behavioural (Noonan et al. 1994), 
physiological (Sutherland et al. 2008) and, more recently, electroencephalographic (EEG) studies (Kells et al. 
2013). Negative public perception concerning tail docking without the use of pain-relief is increasing; 
therefore it would benefit the industry to find methods of pain mitigation.  

A necessary precursor to the study of pain mitigation strategies for piglets undergoing painful husbandry 
procedures is the validation of methods for pain assessment across the range of ages at which these 
procedures are commonly performed. In New Zealand and the United States, tail docking without analgesia 
must be performed before 7 or 14 days of age, respectively, with recommended best practice in NZ being 
within 72 hours of birth (MPI 2010; California Veterinary Medical Association 2011). However, these age 
standards are based on current commercial practice, rather than scientific evidence of differences in pain 
percept. There is some evidence that younger lambs experience less acute pain due to procedures such as 
castration and tail docking (Molony et al. 1993; Johnson et al. 2005b), due perhaps to the immaturity of the 
nervous system or to the lingering effects of pre-natal neurosuppressive hormones (Mellor and Diesch 2006; 
Diesch et al. 2009a). However, whether post-natal age has similar effects on the acute pain associated with 
tail docking in piglets is unknown. 

Due to its subjective nature, pain in animals cannot be directly measured; instead it must be inferred through 
indirect means. Both physiological and behavioural measures are commonly employed for the assessment 
of pain in animals. However, these have the disadvantage of being non-specific, meaning they may be subject 
to influence by non-painful stressors such as handling and restraint. 

Similarities between EEG responses to nociception in conscious and anaesthetised animals (Ong et al. 1997; 
Murrell et al. 2003) and those of conscious humans exposed to painful stimuli (Chen et al. 1989) led to the 
development of the minimal anaesthesia model. Changes in the spectra of the EEG under light anaesthesia 
have been shown to reliably indicate nociception in a range of mammals (Murrell et al. 2003; Johnson et al. 
2005a; Gibson et al. 2007), including pigs (Haga and Ranheim 2005) and can therefore be used to ethically 
study painful procedures (Murrell and Johnson 2006). In sheep, noxious stimuli of graded intensity were 
found to elicit graded responses in both EEG and behaviour (Ong et al. 1997), whilst in human patients the 
magnitude of EEG responses correlated well with reports of perceived pain intensity (Chen et al. 1989), 
indicating that EEG responses have both qualitative and quantitative applications in pain assessment. 

A recent EEG study identified differences in the brain responses of 2 and 20 day-old piglets to the noxious 
stimulus of tail docking (Kells et al. 2013). However, when and how such developmental changes arise and 
what they might mean in terms of the actual experience of pain in piglets is unknown.  

Examining the EEG responses of pigs across the age range of 1–14 days to a standard noxious stimulus could 
provide important new information on when EEG responses considered indicative of mature responses to 
pain develop. This would additionally validate the use of EEG as a measure for pain assessment in piglets 
across this age range, providing a valuable tool for future investigations into pain mitigation during routine 
husbandry procedures. 

 

Objective: 

The aim of this study was to examine the EEG responses of anaesthetised pigs aged between one and 15 
days to the noxious stimulus of tail docking, in order to i) identify any differences in EEG responses as a 
function of age, and ii) validate the use of EEG as a pain assessment tool across this age range. 

 

Materials and methods: 
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Animals 

Commercial white line (Large white x Landrace) entire male piglets were sourced from a commercial pig farm 
on the day of testing and housed in a 30°C temperature controlled indoor facility, with ad libitum access to 
water until the time of testing. Pigs had not been subjected to any potentially painful husbandry procedures 
(e.g. teeth trimming, ear tagging, iron injection) and had intact tails. A total of 60 pigs were assigned to the 
study, with 10 pigs randomly assigned by the farmer for testing at ages 1, 5, 7, 10, 12 and 15 days. Within 
each age group, pigs were sourced from three different litters, with each litter contributing to a single age 
group. All experimental procedures were approved by the Massey University Animal Ethics Committee, 
Palmerston North, New Zealand (approval # MUAEC 14/26). 

 
Anaesthesia 

Anaesthesia was induced with 4% halothane (Halothane-Vet; Merial NZ Limited, Manukau City, NZ) 
vaporised in oxygen (4 L/min). Once visual inspection of the pig indicated adequate depth of anaesthesia, 
electrode placement was undertaken. Following instrumentation, halothane delivery was adjusted to 
maintain an end-tidal tension of 0.95–1.05% for the remainder of anaesthesia. End tidal halothane and CO2 
tension were monitored throughout using an anaesthetic agent monitor (Hewlett Packard M1025B, Hewlett 
Packard, Hamburg, Germany). Rectal temperature was continuously monitored using a digital thermometer 
(Q 1437; Dick Smith Electronics, New Zealand). Body temperature was maintained with the aid of a 
circulating warm water blanket-heating device (T pump; Gaymar Industries Inc., NY, USA). 

 

EEG recording 

Subcutaneous 27-gauge stainless steel needle electrodes (Viasys Healthcare, Surrey, England) were 
positioned to record EEG and electrocardiograph (ECG) activity. A five-electrode montage was used to record 
EEG from both the left and right cerebral hemispheres, with inverting electrodes placed parallel to the 
midline over the left and right frontal bone zygomatic processes, non-inverting electrodes over the left and 
right mastoid processes and a ground electrode placed caudal to the occipital process (see Murrell and 
Johnson 2006). ECG was recorded using a base-apex configuration. Both EEG and ECG signals were fed via 
breakout boxes to separate amplifiers (Iso-Dam isolated biological amplifier, World Precision Instruments 
Inc.). The signals were amplified with a gain of 1000 and a band-pass of 1.0 –500Hz and digitised at a rate of 
1kHz (Powerlab 4/20, ADInstruments Ltd, Colorado Springs, Co). The digitised signals were recorded on an 
Apple Macintosh personal computer for analysis off-line at the conclusion of the experiment. 

 

Experimental procedure 

Once end tidal halothane tension was stable at 0.95–1.05%, baseline EEG was recorded for 10 minutes. 
Following baseline data collection, the tail was severed approximately 2 cm from the base, between adjacent 
vertebrae, using a pair of clean, disinfected side-cutter pliers. EEG was recorded for a further five minutes 
following tail docking, after which euthanasia was performed by intra-peritoneal pentobarbital sodium 
administration (250 mg/kg; Pentobarb 500, Provet NZ Pty Ltd, Auckland, NZ). 

 

Data analysis 

Raw EEG recordings were inspected manually to identify any out-of-range data, which were then excluded 
from subsequent analysis. The total power (PTOT), median frequency (F50) and 95% spectral edge frequency 
(F95) were calculated for consecutive 1-second epochs, using purpose-written software (Spectral Analyser, 
CB Johnson, Massey University, Palmerston North, NZ, 2002). Data were multiplied using a Welch window. 
Fast Fourier transformation was applied to each epoch, generating sequential power spectra with 1 Hz 
frequency bins. Fourier-transformed EEG summary variables from the five minutes of baseline recorded 
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immediately prior to tail docking through to two minutes immediately after tail docking were subjected to 
statistical analyses as outlined below.  

 

Statistical analyses 

Due to the size and complexity of the resultant dataset, a number of statistical analyses were undertaken on 
Fourier-transformed data, as follows: 

i. For each EEG variable, a single baseline mean value was calculated by averaging consecutive 1 second 
epochs over the five minutes of baseline data recorded immediately prior to tail docking for each pig. 
Baseline means were compared with data from sequential 15-second blocks immediately following tail 
docking. A single mean value was calculated for each 15-second block after docking in each animal. 
Comparison of the changes in F50, F95 and Ptot within and between age groups over time were 
performed using a linear mixed model in SAS 9.1.3 (SAS Institute Inc., Cary NC, USA, 2012), with age, 
litter(age) and order of testing as fixed effects, and time as a repeated measure. Statistical significance 
was set at p<0.05. Where significant main or interactive effects were identified, Bonferroni post hoc tests 
were carried out to identify individual differences. 

ii. In addition, data from each age were analyzed separately using a linear mixed model to test for changes 
from baseline following tail docking that may have been obscured in the combined analysis. For each 
variable, baseline means calculated from the 5 minutes of recording immediately prior to tail docking 
were compared with means calculated over sequential 15-second blocks immediately following tail 
docking. Post-docking time points were compared with baseline using the mixed procedure in SAS 9.1.3, 
with litter and order as fixed effects and time as a repeated measure. Where significant time effects were 
identified (p<0.05), Dunnett’s post hoc tests were performed to identify which individual post-docking 
time points differed to baseline. 

iii. In an attempt to reduce the number of data points for comparison, whilst preserving the changes in both 
magnitude and duration of EEG responses following tail docking, area-under-the-curve (AUC) was 
calculated and analyzed as follows: For each variable, integrals over the period from 60 seconds 
immediately prior through 60 seconds immediately after tail docking were calculated for each individual 
and analyzed using a generalized linear model. The model included the effects of age and order as fixed 
effects, and litter(age) as a random effect. Where a significant effect was identified, Bonferroni post hoc 
tests were carried out to identify individual differences. Within each age group for each variable, 
individuals with means that were +/- 2 SD of the group mean were considered outliers and excluded from 
statistical analyses. 
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Results 

i. Analysis of all ages combined 

The change in EEG summary variables for each age group after tail docking, based on mean values calculated 
at consecutive 15-second intervals, are shown in Figure 1.  

Age at the time of tail docking had significant effects on F50, F95 and PTOT of the pig EEG (Table 1). Mean F50 
in 1 day-old pigs was lower than that seen in 5, 7, 10, 12 or 15 day-old pigs (Figure 1a, Table 2). Mean F95 
was lower in 1 day-old pigs than 5, 7, 10 or 12 day-old pigs, but did not differ to that of 15 day-old pigs (Figure 
1b, Table 2). Mean PTOT was lower in 1 day-old than 7 day-old pigs (Figure 1c, Table 2). 

Time had significant effects on F50, F95 and PTOT of the pig EEG (Table 1, Figure 2). Mean F50 was greater 
than baseline (time 0) at 30, 45, 60, 75, 90 and 105 seconds after tail docking (all p<0.05 except 105 seconds 
where p<0.06). Mean F95 was greater than baseline at 15 (p=0.0016) and 30 (p=0.0224) seconds after tail 
docking. Mean PTOT was lower than baseline at 15 (p<0.0001), 30 (p<0.0001) and 45 (p=0.0352) seconds after 
tail docking. 

Order of testing had an effect on F50, although this was balanced across ages in the experimental design, 
with no evidence of an increase or decrease with increasing order of testing (data not shown). In addition, 
interpretation was hindered by the limitation that most ages had only one animal tested 4th on a particular 
day. 

Although litter(age) influenced both F50 and F95, correction for multiple comparisons revealed no 
differences between individual litters within any age group, with the exception of the 10 day old group where 
all three litters differed in F50.  

No significant age x time interaction was identified for any of the three EEG summary variables. 

 

ii. Analysis of each age separately 

The changes in F50 after tail docking appeared to vary according to age when each was evaluated separately 
(Table 3). Time significantly affected F50 at ages 1, 7, 10 and 15 days, although no individual differences to 
baseline were found at 1 day of age after correction for multiple comparisons (Table 4). F50 decreased 
immediately after tail docking in 7 day-old pigs, and increased after docking in 15 day-old pigs, with 10 day-
olds exhibiting an initial decrease followed by an increase (Table 4). Although mean F50 increased 
numerically after docking in 12 day-old pigs (Figure 1, Table 4), the increase did not reach statistical 
significance. 

There was a significant effect of time on F95 in 10 day-old pigs only (Table 3). Within this age group F95 was 
greater than baseline from 15–60 seconds (all p<0.02) after docking. In all other age groups F95 did not differ 
from baseline after tail docking.  

Time significantly affected PTOT in all ages except 7 day-olds (Table 3), although no individual differences to 
baseline were found at 1 day of age after correction for multiple comparisons (Table 5). PTOT decreased after 
tail docking, in 5, 10, 12 and 15 day-old pigs (Table 5).  

Qualitatively, the patterns and duration of changes in F50 after tail docking differed with age. In pigs aged 7 
days or less, F50 was unchanged or lower than baseline at 15 s only, whereas in pigs aged 10 and 15 days 
F50 increased above baseline from 45 seconds after docking, returning to baseline values 75–105 seconds 
after docking (Table 4). 

There were significant litter effects on F50 at 7 and 10 days, F95 at 10 days and PTOT at 7 and 12 days (data 
not presented). In each instance one litter differed to the other two tested at that age, with no consistent 
litter difference across EEG variables apparent. 

There was a significant effect of testing order on F95 at 10 days and PTOT at 7 and 12 days (data not shown). 
However, there was no consistent effect of treatment order on any EEG variable. 
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iii. Area under the curve analysis 

AUC analysis of F50 included all individuals, with 2 outliers excluded from the F95 analysis and 4 outliers 
excluded from the PTOT analysis. 

No significant effects of age on F50 or PTOT were identified (F=1.77; p=0.19 and F=1.06; 0.43, respectively). 
Age significantly affected F95 (F=4.18, p=0.02), with F95 of 1 day-old pigs lower than that of 7 (p=0.03) or 15 
(p=0.05) day-old pigs, and tending to be lower than that of 12 day-old pigs (p=0.08). 

 

Discussion: 

The objective of the current study was to examine and compare the EEG responses of pigs aged 1 to 15 days 
to the noxious stimulus of tail docking. EEG responses indicative of nociception have previously been 
identified in 20 day-old pigs following castration (Haga and Ranheim 2005) and in 2 and 20 day-old pigs 
following tail docking (Kells et al. 2013). Furthermore, Kells et al. (2013) reported differences in the pattern 
of EEG responses between 2 and 20 day-old pigs following tail docking with side-cutter pliers. 

The typical EEG response to noxious stimulation observed in lightly anaesthetised mammals is an increase in 
F50 and decrease in PTOT, often accompanied by an increase in F95 (Murrell and Johnson 2006). As a whole, 
pigs in the age range tested in the present study, which represents the recommended age range at which 
tail docking be carried out (MPI 2010; California Veterinary Medical Association 2011), exhibited a 
characteristic nociceptive response to docking (Figure 2). 

Statistical analyses revealed marked differences in the EEG of 1 day-old pigs compared with all other ages 
examined. The significantly lower F50 and F95 observed overall (irrespective of responses to tail docking) 
indicates that a greater proportion of the EEG power is located in the low frequency bands at 1 day of age 
compared with 5–15 days of age. There were no overall differences in F50 or F95 between any of the other 
age groups examined. This suggests that baseline cortical activity in the pig is different at 1 day of age than 
at 5–15 days of age. The total power of the EEG exhibited less variation among ages, with PTOT at 1 day 
significantly lower than at 7 days only, despite being numerically lower than all other ages examined (Table 
2).  

The absence of changes in the EEG indicative of nociception in 1 day-old pigs, along with the less pronounced 
responses observed at 5 and 7 days-old, are consistent with previous findings which demonstrated that EEG 
responses to noxious stimuli can vary with postnatal age (Diesch et al. 2009a; Diesch et al. 2009b). Rats and 
wallabies, both of which are neurologically immature at birth, demonstrated no EEG response to noxious 
stimuli in the early postnatal period, with responses developing and subsequently increasing in magnitude 
as postnatal age increased (Diesch et al. 2009a; Diesch et al. 2009b). In both of these studies, the increase in 
responsiveness with age was accompanied by increased EEG power in all frequencies. The authors 
postulated this was due to anatomical and functional maturation of the cerebral cortex and/or to differences 
in the maturation of peripheral and central nociceptive pathways as a function of age (Diesch et al. 2009b). 
Although pigs are neurologically mature at birth in comparison to rats and wallabies, it is nevertheless 
plausible that further maturation of the cerebral cortex and/or nociceptive pathways occurs in the early 
postnatal period. Such postnatal maturation could account for both the lack of EEG responses to tail docking 
and the lower frequency of the EEG observed in day-old pigs in the present study, as well as the less 
pronounced responses observed in the younger pigs. In lambs, which are exceptionally neurologically mature 
at birth, differences in cortical responses to castration were observed between 12 and 29 day-old animals 
(Johnson et al. 2005b), suggesting alterations in nociceptive mechanisms may continue beyond the very early 
post natal period in this species. In addition, the reported changes in PTOT were of greater magnitude in older 
compared with younger lambs (Johnson et al. 2005b). 
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Aside from potential postnatal neural maturation, it is possible that both baseline EEG and EEG responses to 
tail docking in day-old pigs were subject to modulation through the lingering effects of in-utero 
neurosuppressive chemicals. In the mammalian fetus a number of circulating peptide and endocrine factors 
act to maintain the fetus in a permanent sleep-like state, and are thought to be responsible for the observed 
absence of fetal responses to noxious and nociceptive stimuli (Mellor et al. 2005). In mammals born 
neurologically mature, the withdrawal of neuro suppression, along with concurrent neuro activation, leads 
to the onset of consciousness shortly after birth (Mellor and Diesch 2006). However, in sheep, concentrations 
of the neurosuppressive agents pregnanalone and allopregnanalone are still significant up to 3 days after 
birth (Nguyen et al. 2003), leading to the suggestion that these chemicals may continue to exert some 
cerebral effects after birth, albeit insufficient to suppress consciousness and concurrent EEG activation 
(Mellor and Diesch 2006). Whether significant concentrations of these chemicals are present in the plasma 
of pigs at birth has not been investigated.  

Furthermore, differences in EEG responses to a nociceptive stimulus can arise through differences in the 
magnitude of the noxious stimulus itself. In the present study, such differences in magnitude could arise 
through variation in the size and type of tissue being transected during tail removal (Johnson et al. 2005b), 
although such differences are likely to be relatively small across the age range examined. Indeed, if tissue 
size/type were the only factor influencing the magnitude of EEG responses, it would be expected that day-
old pigs would show some statistically significant EEG evidence of nociception in response to tail docking, 
albeit smaller than that observed in older pigs. 

Previously, differences in the expression of pain-related behaviour in response to castration have been 
reported between 1 week and 4–6 week old lambs (Thornton and Waterman-Pearson 2002). A subsequent 
investigation of EEG responses to castration in 1 and 4 week-old lambs identified differences in cortical 
responses between the two ages (Johnson et al. 2005b), leading the authors to conclude, based on the 
outcome of both investigations, that the two age groups undergo qualitatively different perceptions of the 
noxious stimulus of castration. 

Although combined analysis revealed no significant age x time interactions, separate analysis of each age 
group revealed differences in the pattern of EEG responses over time at different ages. Pigs aged 10 and 15 
days showed responses typical of nociception, with increases in F50 and decreases in PTOT observed in each 
of these groups after tail docking. In contrast, 7 day-old pigs demonstrated only a brief reduction in F50 and 
no change in PTOT after docking, whereas 5 day-old pigs showed a decrease in PTOT, with no change in F50. 
Like the 7 day-old pigs, 10 day-olds also showed a brief reduction in F50 immediately after docking, although 
this subsequently increased in a similar fashion to that seen in 15 day-olds. Thus 10 day-old pigs appeared 
to exhibit changes in F50 consistent with both younger and older pigs. One day-old pigs differed to all other 
ages in that they exhibited no significant change in any EEG variable following tail docking.  

Both 7 and 10 day-old pigs in the present study demonstrated a transient reduction in F50 immediately 
following tail docking. Reductions in F50 in response to noxious stimuli have previously been reported in 2 
day-old pigs following tail docking (Kells et al. 2013), as well as in neonatal rat pups following tail clamping 
(Diesch et al. 2009b). Conversely, in adult rats, a study of EEG responses to noxious electrical or thermal 
stimulation demonstrated increases in F50 following stimulus application (Murrell et al. 2007), suggesting 
that the pattern of changes in F50 following noxious stimulation may be age dependent. 

Ten-day-old pigs showed an increase in F95 after tail docking that was not observed in any other age group. 
The reason for this is not apparent. Previously, an increase in F95 following tail docking has been reported 
in 20 day-old pigs, with no change in F95 observed in 2 day-old pigs (Kells et al. 2013). Other mammalian 
anaesthesia studies have failed to identify an increase in F95 in response to a known noxious stimulus 
(Murrell et al. 2007; Kongara et al. 2010), suggesting that F95 may be a less sensitive index of nociception 
than F50 or PTOT. 

Although, statistically, the F50 of the pig EEG did not differ between ages over time, there were nevertheless 
qualitative differences in the F50 responses over time at different ages. Numerically, two different response 
patterns emerged: In 1, 5, 7 and 10 day-old pigs mean F50 decreased immediately after docking, 
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subsequently increasing above baseline mean  (Figure 1, Table 4). However 15 day-old pigs differed, in that 
no initial decrease but a similarly timed increase in mean F50 occurred. An increase in F50 is consistent with 
reported nociceptive responses in 20 day-old pigs (Haga and Ranheim 2005; Kells et al. 2013) and adult 
horses, rats, calves and deer (Murrell et al. 2003; Johnson et al. 2005a; Gibson et al. 2007; Murrell et al. 
2007). If differences in the shape of F50 responses at different ages relate to maturational changes in the 
neural mechanisms for pain detection and processing, then it may be considered that mature EEG responses 
to nociception occur by 12 days of age in the pig. 

Differences in the duration of F50 responses were also apparent, with F50 decreasing immediately after 
docking in 7 and 10 day-old pigs, returning to baseline by 30 seconds (table 4), whilst F50 increased 45 
seconds after docking in 10 and 15 day-old pigs, returning to baseline after 75–105 seconds (Table 4). These 
findings are consistent with those of Kells et al. (2013) in which F50 in 2 day-old pigs decreased 15 seconds 
after tail docking, resolving by 30 seconds, whilst F50 in 20 day-old pigs increased 45 seconds after docking, 
not resolving until 120 seconds. Together, these data provide some evidence for a more prolonged acute 
EEG response to nociception in older pigs.  

Whilst the present study provides evidence for differences in cortical responses to tail docking in pigs of 
different ages, whether this reflects differences in the nature of the pain experienced requires further 
investigation.  

A number of studies have examined whether piglet age has an effect on the behavioural expression of pain 
following noxious castration. McGlone et al. (1993) reported no effect of age on behavioural responses to 
castration over the subsequent six hours in groups of pigs aged 1, 5, 10, 15 or 20 days, with behavioural 
evidence consistent with pain perception observed at all ages. Similarly, a study comparing the rate and 
frequency of vocalisation, along with behavioural responses, in groups of pigs castrated at 3, 7 and 10 days 
of age reported no effect of age on piglet responses (Taylor et al. 2001), with evidence of pain perception 
reported in all age groups. Carroll et al. (2006) also compared behaviour following castration in pigs castrated 
at 3, 6, 9 and 12 days of age. Again, no effect of age on behaviour was reported over the 2 hours following 
castration. In contrast, White et al. (1995) reported an influence of age on the frequency of highest energy 
(HEF) of vocalisation in groups of pigs following castration at 1, 2, 4, 8, 16 and 24 days of age. The authors 
concluded that castration was more stressful to pigs when performed at 8–24 days of age than at 1–4 days 
of age.  

There is scant information available on the effects of age on behavioural responses of pigs to tail docking 
alone. Torrey and co-workers (2009) compared vocalisations during processing and behaviour immediately 
after processing, and on the three days subsequent, in pigs undergoing tail docking and ear notching at 1 
and 3 days of age.  The authors reported no significant effects of age on any variable, concluding that there 
was neither any advantage nor disadvantage of processing at one versus three days of age (Torrey et al. 
2009). 

In light of the results of the present study, there would be value in conducting a well-controlled investigation 
comparing the acute behavioural responses to tail docking of pigs aged 1–15 days, to determine whether 
the observed differences in cortical responses are reflected in behavioural responses to the same stimulus.  

 

Conclusions 

EEG responses consistent with acute nociception were observed in pigs aged 5–15 days following tail 
docking, validating the use of EEG for pain assessment in this age range. There was limited evidence of an 
age-related progression in EEG responses to tail docking, with responses consistent with those of other adult 
mammals emerging between 10 and 12 days of age. 

One day-old pigs showed no statistical evidence of a nociceptive response following tail docking, and 
exhibited lower EEG power overall, suggesting a difference in neural maturity and/or processing of 
nociceptive signals at this age. Whether or how this relates to pain perception in conscious pigs requires 
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further investigation. However, these data provide some support for current recommendations that tail 
docking be carried out within 72 hours of birth. 

Based on the more pronounced and adult-like EEG responses observed in older pigs (>10 days of age), these 
may provide a better model for the future EEG study of general pain mitigation strategies. 

  



 11 

References: 
 
 
California Veterinary Medical Association. CVMA Policy On Tail Docking And Teeth Clipping Of Swine. 

(accessed 28 August). 2011 
 
Carroll JA, Berg EL, Strauch TA, Roberts MP, Kattesh HG. Hormonal profiles, behavioural responses, 

and short-term growth performance after castration of pigs at three, six, nine, or twelve days of 
age. Journal of Animal Science 84, 1271-8, 2006 

 
Chen ACN, Dworkin SF, Haug J, Gehrig J. Topographic brain measures of human pain and pain 

responsivity. Pain 37, 129-41, 1989 
 
Diesch T, Mellor DJ, Johnson CB, Lentle R. Developmental changes in the electroencephalogram and 

responses to noxious stimulus in anaesthetised tammar wallaby joeys (Macropus eugenii 
eugenii). Laboratory Animals 00, 1-9, 2009a 

 
Diesch TJ, Mellor DJ, Johnson CB, Lentle RG. Electroencephalographic responses to tail clamping in 

anaesthetized rat pups. Laboratory Animals 43, 224-31, 2009b 
 
Gibson TJ, Johnson CB, Stafford KJ, Mitchinson SL, Mellor DJ. Validation of the acute 

electroencephalographic responses of calves to noxious stimulus with scoop dehorning. New 
Zealand Veterinary Journal 55, 152-7, 2007 

 
Haga H, Ranheim B. Castration of piglets: the analgesic effects of intratesticular and intrafunicular 

lidocaine injection. Veterinary Anaesthesia and Analgesia 32, 1-9, 2005 
 
Johnson CB, Wilson P, Woodbury M, Caulkett N. Comparison of analgesic techniques for antler 

removal in halothane-anaesthetised red deer (Cervus elaphus): electroencephalographic 
responses. Veterinary Anaesthesia and Analgesia 32, 61-71, 2005a 

 
Johnson CB, Stafford KJ, Sylvester S, Ward R, Mitchinson S, Mellor DJ. Effects of age on 

electroencephalographic responses to castration in lambs anaesthetised using halothane in 
oxygen. New Zealand Veterinary Journal 53, 433-7, 2005b 

 
Kells N, Beausoleil N, Chambers JP, Sutherland MA, Morrison R, Johnson CB. EEG assessment of 

acute pain in pigs during tail docking. In: Pluske J, Pluske J (eds). Manipulating Pig Production, 
Melbourne, Australia. p 129. Australasian Pig Science Association (APSA), 2013 

 
Kongara K, Chambers JP, Johnson CB. Electroencephalographic responses of tramadol, parecoxib and 

morphine to acute noxious electrical stimulation in anaesthetised dogs. Research in Veterinary 
Science 88, 127-33, 2010 

 
McGlone JJ, Nicholson RI, Hellman JM, Herzog DN. The development of pain in young pigs associated 

with castration and attempts to prevent castration-induced behavioral changes. Journal of 
Animal Science 71, 1441-6, 1993 

 
Mellor DJ, Diesch TJ. Onset of sentience: The potential for suffering in fetal and newborn farm animals. 

Applied Animal Behaviour Science 100, 48-57, 2006 
 
Mellor DJ, Diesch TJ, Gunn AJ, Bennet L. The importance of ‘awareness’ for understanding fetal pain. 

Brain Research Reviews 49, 455-71, 2005 
 



 12 

Molony V, Kent JE, Robertson IS. Behavioural responses of lambs of three ages in the first three hours 
after three methods of castration and tail docking. Research in Veterinary Science 55, 236-45, 
1993 

 
MPI. Animal Welfare (Pigs) Code of Welfare 2010. In: (Ed. National Animal Welfare Advisory 

Committee). p 67. (Wellington, NZ) 2010 
 
Murrell J, Mitchinson SL, Waters D, Johnson CB. Comparative effect of thermal, mechanical, and 

electrical noxious stimuli on the electroencephalogram of the rat. British Journal of Anaesthesia 
98, 366-71, 2007 

 
Murrell JC, Johnson CB. Neurophysiological techniques to assess pain in animals. Journal of Veterinary 

Pharmacology and Therapy 29, 325-35, 2006 
 
Murrell JC, Johnson CB, White K, Taylor P, Haberham Z, Waterman-Pearson A. Changes in the EEG 

during castration in horses and ponies anaesthetised with halothane. Veterinary Anaesthesia and 
Analgesia 30, 138-46, 2003 

 
Nguyen PN, Billiards SS, Walker DW, Hirst JJ. Changes in 5alpha-pregnane steroids and 

neurosteroidogenic enzyme expression in the perinatal sheep. Pediatr Res 53, 956-64, 2003 
 
Noonan GJ, Rand JS, Priest J, Ainscow J, Blackshaw JK. Behavioural observations of piglets 

undergoing tail docking, teeth clipping and ear notching. Applied Animal Behaviour Science 39, 
201-13, 1994 

 
Ong R, Morris J, O'Dwyer J, Barnett J, Hensworth P, Clarke I. Behavioural and EEG changes in sheep 

in response to painful acute electrical stimuli. Australian Veterinary Journal 75, 189-93, 1997 
 
Sutherland MA, Bryer PJ, Krebs N, McGlone JJ. Tail docking in pigs: acute physiological and 

behavioural responses. Animal 2, 292-7, 2008 
 
Taylor AA, Weary DM, Lessard M, Braithwaite L. Behavioural responses of piglets to castration: the 

effect of piglet age. Applied Animal Behaviour Science 73, 35-43, 2001 
 
Thornton PD, Waterman-Pearson AE. Behavioural Responses to Castration in Lambs. Animal Welfare 

11, 203-12, 2002 
 
Torrey S, Devillers N, Lessard M, Farmer C, Widowski TM. Effect of age on the behavioral and 

physiological responses of piglets to tail docking and ear notching. Journal of Animal Science 87, 
1778-86, 2009 

 
White RG, DeShazer JA, Tressler CJ, Borcher GM, Davey S, Waninge A, Parkhurst AM, Milanuk MJ, 

Clemens ET. Vocalization and physiological response of pigs during castration with or without 
a local anesthetic. J Anim Sci 73, 381-6, 1995 

 
 



 13 

 
Table 1 Effects of age, time, treatment order and litter on the change in EEG 
summary variables following tail docking in pigs aged 1–15 days. 

 Age Time Order Litter(Age) Age x Time 

 F p F p F p F p F p 

F50 13.68 <0.0001 8.24 <0.0001 6.19 0.0015 4.63 0.0001 1.26 0.1432 

F95 4.56 0.0023 2.69 0.0067 0.58 0.6322 2.50 0.0153 0.96 0.5505 

Ptot 2.81 0.0297 18.71 <0.0001 1.77 0.1692 1.73 0.0986 1.23 0.1625 

 

 

Table 2 Mean (SEM) F50, F95 and PTOT in pigs aged 1, 5, 7, 10, 12 and 15 days. Means in the same 
column with different superscripts differ significantly (Bonferroni adjusted p<0.05). 

Age (days) F50 F95 PTOT 

1 8.15 (0.31)a 25.80 (0.22)a 27.83 (1.38)a 

5 10.23 (0.31)b 26.75 (0.22)b 31.61 (1.38)ab 

7 10.15 (0.32)b 27.07 (0.23)b 34.91 (1.42)b 

10 10.82 (0.31)b 26.88 (0.22)b 30.06 (1.38)ab 

12 11.02 (0.32)b 26.99 (0.23)b 30.77 (1.42)ab 

15 11.32 (0.31)b 26.58 (0.22)ab 31.68 (1.50)ab 

 

 

Table 3 Effects of time on F50, F95 and PTOT of the pig EEG following tail docking in pigs aged 1, 
5, 7, 10, 12 and 15 days-of-age, analyzed for each age group separately. 

    F50  F95  Ptot 

Age (days)   F p  F p  F p 

1  2.91 0.0072  0.29 0.9671  2.93 0.0069 

5  1.57 0.1492  1.45 0.1904  5.2 <0.0001 

7  5.05 <0.0001  0.95 0.4818  1.03 0.4254 

10  4.89 <0.0001  4.91 <0.0001  5.71 <0.0001 

12  1.34 0.2394  0.25 0.9781  5.68 <0.0001 

15   2.38 0.0244  0.96 0.4763  5.48 <0.0001 
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Table 4 Comparison of mean F50 (Hz) with baseline values for consecutive 15 second time blocks 
following tail docking in pigs aged 1, 5, 7, 10, 12 and 15 days, analyzed for each age group 
separately. Asterisk denotes mean differed significantly to baseline within age (Dunnett-Hsu test; 

* p<0.05; ** p<0.001). t= tended toward significance (Dunnett-Hsu 0.1>p>0.05). 

    Age (days)   

Time 1 5 7 10 12 15 

Base 7.75 9.44 9.93 10.34 10.44 10.90 

15 7.53 9.24 9.12** 9.49* 10.82 10.98 

30 7.56 10.42 10.11 11.13 11.08 12.12* 

45 7.74 10.41 10.35 11.42t 11.52 12.08* 

60 8.28 10.83 10.28 11.51t 11.89 11.72 

75 8.49 10.65 10.47 11.24 11.55 11.80 

90 8.14 10.39 10.42 10.91 11.41 12.18* 

105 8.25 10.48 10.32 10.70 11.09 11.64 

120 7.94 10.23 10.17 10.41 11.20 11.36 

 

 

Table 5 Comparison of mean PTOT (μV2) with baseline values for consecutive 15 second time blocks 
following tail docking in pigs aged 1, 5, 7, 10, 12 and 15 days, analyzed for each age group 
separately. Asterisk denotes mean differed significantly to baseline within age (Dunnett-Hsu test; 
* p<0.05; ** p<0.001; *** p<0.0001). 

    Age (days)   

Time 1 5 7 10 12 15 

Base 27.38 31.83 36.26 30.26 30.80 35.49 

15 26.09 28.18*** 34.96 25.92*** 27.72** 31.82*** 

30 26.35 28.66* 35.07 25.61*** 27.63* 32.60* 

45 28.15 31.19 35.78 27.10* 28.06* 33.93 

60 27.05 31.70 35.28 28.43 29.26 34.10 

75 28.04 32.97 35.72 29.31 30.79 35.23 

90 27.40 32.72 35.75 30.09 31.13 36.08 

105 28.09 32.68 35.60 30.88 32.37 36.20 

120 27.64 33.31 35.29 30.36 33.22 36.91 
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Figure 1 Changes in mean (SEM) a) F50, b) F95 and c) PTOT following tail docking in pigs aged 1, 
5, 7 10, 12 and 15 days. Ages with different superscripts differed significantly (Bonferroni adjusted 
p<0.05). 
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Figure 2 Change in mean (SEM) a) F50, b) F95 and c) PTOT of the EEG of pigs aged 1–15 days over 
time following tail docking. Asterisk indicates significant difference to baseline  (Bonferroni 
adjusted p<0.05). 

 


