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Abstract
Routine procedures carried out on piglets (i.e. castration, tail docking, teeth clipping, and ear

notching) are considered painful. Unfortunately the efficacy of current pain mitigation

modalities is poorly understood. The aim of this systematic review was to synthesize the

existing primary scientific literature regarding the effectiveness of pain management

interventions used for routine procedures on piglets. The review question was, ‘In piglets

under twenty-eight days old, undergoing castration, tail docking, teeth clipping, and/or

methods of identification that involve cutting of the ear tissue, what is the effect of pain

mitigation compared with no pain mitigation on behavioral and non-behavioral outcomes that

indicate procedural pain and post-procedural pain?’ A review protocol was designed a priori.

Data sources used were Agricola (EBSCO), CAB Abstracts (Thomson Reuters), PubMed, Web of

Science (Thomson Reuters), BIOSIS Previews (Thomson Reuters), and ProQuest Dissertations

& Theses Full Text. No restrictions on year of publication or language were placed on the

search. Eligible studies assessed an intervention designed to mitigate the pain of the procedures

of interest and included a comparison group that did not receive an intervention. Eligible non-

English studies were translated using a translation service. Two reviewers independently

screened titles and abstracts for relevance using pre-defined questions. Data were extracted

from relevant articles onto pre-defined forms. From the 2203 retrieved citations forty

publications, containing 52 studies met the eligibility criteria. In 40 studies, piglets underwent

castration only. In seven studies, piglets underwent tail docking only. In one study, piglets

underwent teeth clipping only, and in one study piglets underwent ear notching only. Three

studies used multiple procedures. Thirty-two trial arms assessed general anesthesia protocols,

30 trial arms assessed local anesthetic protocols, and 28 trial arms assessed non-steroidal anti-

inflammatory drugs (NSAIDs) protocols. Forty-one trial arms were controls where piglets

received either placebo or no treatment. Forty-five outcomes were extracted from the studies,

however only the results from studies that assessed cortisol (six studies), b-endorphins (one

study), vocalisations (nine studies), and pain-related behaviors (nine studies) are reported.
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Other outcomes were reported in only one or two studies. Confident decision making will

likely be difficult based on this body of work because lack of comprehensive reporting

precludes calculation of the magnitude of pain mitigation for most outcomes.

Keywords: castration, tail docking, pain, anesthesia systematic review, meta-analysis, swine

Introduction

In swine production, piglets undergo castration, tail

docking, teeth clipping, and identification with ear

notching or ear tagging. These procedures are considered

painful. Although available and increasingly warranted by

the public in other countries, pain mitigation strategies

during these procedures are not routinely provided to

piglets in the United States (USA). As the US public

becomes more cognizant about on-farm practices, they

will likely want to see more humane practices encouraged

and enforced, if recent ballot initiates and state legisla-

tions for better animal welfare are any indication of future

trends. However, the current absence of provision may be

explained by historical precedent, economic barriers,

impracticality, uncertainty about need, uncertainty about

the legality of drug usage, and uncertainty about the

efficacy of pain mitigation strategies. To address the

uncertainty about efficacy, we conducted a systematic

review, reported here, of the available scientific evidence

regarding the impact of interventions on pain in piglets

undergoing castration, tail docking, teeth clipping, and

identification with ear notching. We sought to report

summary measures of efficacy and to identify research

gaps where appropriate. The systematic review formed

part of the knowledge base used for the development of

recommendations about the use of pain mitigation in

piglets in the USA in a project funded by the National

Pork Board. Recommendation development is a multi-

step process described by Oxman et al. (2006).

The specific review question was, ‘In piglets that

undergo castration, tail docking, teeth clipping, and/or

methods of identification that involve cutting of the ear

tissue, such as ear tagging and ear notching, what is the

effect of pain mitigation (e.g. general anesthesia and local

anesthesia (NSAIDs)), compared with no pain mitigation,

on behavioral (e.g. postures and vocalisations), and

non-behavioral (e.g. blood cortisol, norepinephrine,

b-endorphin levels) indicators of procedural pain,

assessed within 60 min of the procedure, and post-

procedural pain, assessed between 1 and 24 h of

performing the procedure?’.

Materials and methods

Protocols and registration

The development of the review protocol was consistent

with previously published guidelines (EFSA, 2010;

Higgins and Green, 2011). The review protocol was

developed using input from the authors and critiqued by

external participants. Minor modifications were made

based on the external participant comments; the protocol

was considered finalized on 13 December 2012.

Post-finalization of the protocol, some changes were

made: (1) to extract data from figures, (2) to have an

external expert determine post hoc which of the extracted

behavior state and event data were ‘pain-related’ beha-

viors, and (3) to extract data if studies described blinding

and blocking or stratification to limit confounding in

addition to randomization. The reason for the first change

was the large amount of data that would have been

excluded if data in figures were excluded. For the second

change, there was a large variation in terminology used to

describe behavioral outcomes, which was only apparent

after data extraction. For example, some authors conso-

lidated pain behavioral outcomes and reported them

as index scores, other parameters reported were not

necessarily identified as relevant pain responses. When

multiple relevant pain behaviors were provided, we

randomly selected one behavioral outcome within pain-

related behaviors associated with avoidance or removal of

noxious stimuli. For example, although we recognized

that pain can result in general changes in time budgets,

we assumed behavior responses directed to the rear

quarters (tail flinching, tail wagging, tail rubbing, kicking,

scooting, and easing the quarters) would be more

sensitive measures of pain resulting from castration and

tail-docking surgeries, versus behaviors associated with

exploratory or feeding motivational systems. The third

change was necessitated by the obvious omission of

important design characteristics by some studies. The

changes are reflected in this paper.

Eligibility criteria for studies

The review question was defined in terms of a PICOS

format: the population (P), intervention (I), comparator

(C), outcome (O), and study design (S) (Bekelman and

Yahalom, 2009).

Population
The study population was defined by two components:

(1) the animals and (2) the procedures of interest.

Relevant study animals were limited to piglets under the

age of 28 days. Piglets described as neonatal, lightweight,

suckling, or pre-weaned were also considered part of the
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relevant population. Miniature pigs, pot-bellied pigs, and

teacup pigs, regardless of age, were excluded. No other

restrictions were placed on the study animals (i.e.

country, year, production system, or management envir-

onment). The procedures of interest were castration,

tail docking, teeth clipping, and any method of identifica-

tion that involved cutting of the ear tissue (i.e. ear tagging

and ear notching). Microchip insertion, tattooing, and

iron injection were not within the scope of this review.

Where piglets received single or multiple relevant

procedures, the study was included, provided piglets in

the control and treatment groups received identical

procedures.

Intervention(s)
Any intervention that aimed to mitigate pain measured

within 60 min of the procedure or between 1 and 24 h

post-procedure was considered relevant.

Comparison
Comparison groups of interest were similar animals

undergoing the same procedure with no intervention.

We did not exclude studies based on the type of control

used. For example, consider a study with two arms where

one group of animals was castrated only, with no

intervention, and the other group received a pharmaco-

logical intervention 30 min prior to castration. Despite the

differences in handling of animals between the groups,

the castrated-only group was considered a relevant

control group. Results reported in sham arms (i.e. a

negative control, in which animals were handled as if the

procedure was conducted, when it was not), were not

relevant to the review.

Outcome(s)
Outcomes of interest were those that assessed procedural

pain (within 60 min of the procedure) or post-procedural

pain (from 1 h to 24 h after the procedure). For

descriptive purposes, outcomes were categorized as

behavioral or non-behavioral (Table 1). Behavioral

outcomes were classified as either states or events as

described by Martin and Bateson (2007). Adverse-event

outcomes for which data were extracted included

herniations, mortalities, morbidities, and problems

with wound healing. Production outcomes were not

included.

Studies
Parallel or non-parallel, randomized or nonrandomized,

and controlled trials with at least two arms were relevant

study designs. Potential sources of data were published

studies, reports, dissertations, and conference proceed-

ings that were at least 475 words because short proceed-

ings often lack comprehensive reporting (Brace et al.,

2010). No restrictions on year of publication or language

were placed. Relevant non-English language publications

Table 1. List of outcomes extracted as required by the protocol

Behavioral outcomes Non-behavioral/physiological outcomes

Vocalisation – call duration b-endorphins1

Vocalisation – call rate Body temperature
Vocalisation – main frequency Cortisol1

Vocalisation – peak amplitude Electrocardiography (ECG)
Vocalisation – peak frequency Electroencephalography (EEG)
Activity event – defecation Heart rate
Activity event – escape attempts Respiratory rate
Activity event – urination Norepinephrine1

Activity event – other Adrenocorticotrophic hormone (ACTH)
Activity state – lying Epinephrine
Activity state – playing Haptoglobin
Activity state – running Substance P
Activity state – sitting
Aggression event
Avoidance event
Body movement event – ear flicking
Body movement event – head shaking
Body movement event – rear end movement
Body movement event – other
Feeding event – suckling/nursing
Feeding event – teat seeking/udder mouthing
Feeding event – teeth champing/chewing
Feeding state – suckling/nursing
Feeding state – teat seeking/udder mouthing

Reported within 60 min of the procedure and/or between 1 and 24 h of the procedure.
1Final outcomes assessed provided there was sufficient data.
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were translated using a certified language translation

service (http://www.languagescientific.com/).

Information sources

Six electronic databases were searched on 12 October

2012, and updated on 13 December 2012: CAB Abstracts

(Thomson Reuters, 1910–2012), BIOSIS Previews (Thom-

son Reuters, 1926–2012), Web of Science (Thomson

Reuters, 1900–2012), PubMed (1940–2012), Agricola

(EBSCO, 1970–2012), and ProQuest Dissertations &

Theses Full Text (1743–2012). Conferences, symposia,

and workshop proceedings were available in the Swine

Information Library through the American Association of

Swine Veterinarians website (http://www.aasv.org/

library/swineinfo/). Some proceedings were indexed in

CAB Abstracts, which were expected to be captured by

the search strategy described below. The following

journals and proceedings from conferences, workshops,

and symposia were considered: Journal of Swine Health

and Production (JSHAP), American Association of Swine

Veterinarians (AASV) Conference proceedings, Interna-

tional Pig Veterinary Society (IPVS) Conference proceed-

ings, Allen D. Leman Swine Conference, International

Society for Applied Ethology, International Conference

(formerly Workshop) on the Assessment of Animal

Welfare at Farm and Group Level: (WAFL), and the

Universities Federation for Animal Welfare. Where

possible, we also searched the reference lists of relevant

reviews and publications that were identified.

Search

The search strategy was designed to identify: (1) piglets

under 28 days of age, (2) pharmacological or non-

pharmacological pain mitigation strategies, and (3) the

procedure applied. The CAB Abstracts search strategy

is shown in Table 2. The search string was applied to

search PubMed, Agricola, Web of Science, BIOSIS

Previews, and ProQuest Dissertations & Theses Full Text.

Electronic citations obtained were stored in Endnote X61

(Thomson Reuters
*c
, 2012). Duplicates were removed

in EndNote1 and DistillerSR1 (Evidence Partners,

Canada).

Study selection

Assessment of the screening questions involved indepen-

dently testing them on 20 randomly selected abstracts by

the review team to assess inter-rater reliability. The

questions were modified until inter-rater reliability was

100% for 20 abstracts (i.e. k=1.0). All citations were then

independently assessed for relevance by two reviewers

using the titles and abstracts (where available) only. The

screening questions were:

1. Does the citation describe a primary research study

where the study population is pigs less than 28 days of

age or is described as piglets, suckling, pre-weaned, or

of a weight consistent with those populations?

2. Does the citation describe a primary research study

where the study population is subjected to castration,

tail docking, teeth resection, ear notching, and/or ear

tagging?

3. Does the citation describe a primary research study

where the aim is to assess any intervention designed to

mitigate the pain associated with the procedure?

4. Does the study describe a group of pigs undergoing

the same procedure(s) but not receiving the interven-

tion?

5. Does the study assess outcomes that measure the pain

experience during the procedure or within 24 h of the

procedure?

When both reviewers responded ‘No’ to at least one of

the above questions, the citation was excluded from the

review. The response that triggered exclusion is not

reported. Conflicts between reviewers were resolved

through discussion. Where it was not possible to answer

the questions based on the abstract or title, the full article

was screened. Translations of non-English publications

that appeared relevant were performed by Language

Scientific Inc. Medford, MA and certified as accurate

through a statement released on 27 December 2012.

Table 2. Search strategy for CAB Abstracts (Thomson Reuters) on 12 October 2012

Line Search terms
Number of
citations

1 pigs OR pig OR swine OR hogs OR hog OR piglets OR piglet (Topic search) 267,866
2 pain OR stress* OR well-being OR welfare OR anesthesia OR anesthesia OR anesthetic OR

analgesia OR analgesic (Topic search)
337,757

3 tail docking OR tail resection OR docking OR castration OR castrating OR castrated OR
orchiectomy OR teeth clipping OR tooth resection OR teeth resection OR tooth clipping OR
tooth OR teeth OR tooth grinding OR clipping OR ear notching OR notching OR ear tagging
(Topic search)

54,340

1 and 2 and 3 622
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Data collection process

Data extraction forms were piloted on several articles.

Two members of the review team extracted data

independently from eligible studies using standardized

forms in DistillerSR
*c
, available at https://www.systematic-

review.ca. If more than one source described the same

study, information from both sources was used to obtain

the most complete description of the study. After data

extraction, one reviewer identified disagreements and re-

evaluated the article, then if the source of disagreement

was not a simple transcription error or similar, the paper

was discussed with the other reviewer to resolve the

conflict. No authors were contacted to obtain missing

data or clarify existing data. After conflict resolution,

the completed data extraction form and publication were

sent to the co-authors and external experts involved

in other aspects of the larger project. Each expert was

assigned up to three studies to verify the accuracy of

the extracted data. Paper allocation was not random,

for example, we deliberately sent translated papers to

native languages speakers if available. Comments were

returned to the review team who modified the data as

required.

Data items extracted

Information that was extracted from each study was

divided into manuscript-level information, farm-level

information, piglet information at enrollment, procedure

information, intervention information, and outcome

information.

Manuscript-level information included the last name of

the first author, the year of publication, the original

language, and publication type (i.e. published article,

conference proceeding, thesis, or report).

Farm-level information included: (1) the region

(i.e. North America, South America, Europe, Asia,

Oceania, Africa, or not reported), (2) the country, (3) the

study setting (i.e. university-owned farm, laboratory or

research facility, privately owned/commercial operation,

or not reported), (4) the production system (i.e. all-in-all-

out, continuous flow, unclear, not applicable, or not

reported), and (5) sow management (i.e. farrowing crates,

free housing, other, unclear, or not reported).

Piglet information at enrollment included: (1) the

number of piglets enrolled in the study (including non-

relevant arms), (2) the number of litters represented by

the study population, (3) age at enrollment (reported as

range, mean and measure of variation, exact number, or

not reported), (4) weight at time of procedure (reported

as range, mean and measure of variation, exact number,

or not reported), (5) breed (meat breed, other, or not

reported), (6) the number of relevant trial arms, (7) the

types of arms (parallel, non-parallel, or not reported),

and (8) the intervention type (pharmacological, non-

pharmacological, or other).

Procedure information collected included castration

and the technique applied (i.e. scrotal incision and cut

of the spermatic cord for removal of testicles or

scrotal incision and tear of the spermatic cord for removal

of testicles), tail docking and the technique applied

(i.e. hot-clipping or cold-clipping), tooth resection and

technique applied (i.e. teeth clipped or teeth grinding),

and methods of identification that involve cutting of the

ear tissue and technique applied (i.e. ear tagging or ear

notching).

Intervention information for each group was the type of

treatment (i.e. general anesthetic, local anesthetic, NSAID,

or comparison to treatment), route of administration, time

of administration relative to the procedure, dosage,

frequency, the number of animals that received the

treatment, and the number of replicates.

For continuous outcomes, we attempted to extract the

mean, standard deviation (SD) and/or standard error of

the mean, the unit for the measurement, P-value, and the

number of piglets in the group. If data were reported as

medians or quartiles, we extracted the data, although it

was not included in meta-analyses nor is it reported here.

For categorical outcomes, we attempted to extract the

proportion of piglets with the outcome in the group (r),

the total number of animals in the group (n), the unit for

the of measurement and P-value. When an outcome was

reported as being measured but no results were reported

or data were impossible to extract, we indicated this as

‘described but not reported.’

Data manipulations and considerations for data
extraction
Data were converted to standard international (SI) units.

An electronic ruler program was used to measure the size

of error bars for data extraction from figures on PDF files.

When the incomplete outcome data were reported

(missing SEM or SD) we used the calculator in Review

Manager (RevMan, 2012) provided the design was

two-arm and sufficient information as reported for the

calculations. When studies reported multiple outcomes

within the periods of interest (e.g. measurements of

cortisol at 10 min, 20 min, and 40 min, all of which would

qualify for the under 60-min time period), we used the

time point where the comparison group level of the

outcome was highest in subsequent meta-analyses.

Risk of bias in individual studies
We extracted the use of randomization or other restric-

tions (blocking, stratification) to allocate piglets to groups,

where reported. If authors used the term ‘random’ or

‘randomly’ to describe assignment to groups, randomiza-

tion was considered reported. We extracted blinding of

outcome assessment.

Only for studies that contributed data to meta-

analyses (discussion later), we modified the Cochrane
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Collaboration Risk of Bias Tool (Higgins and Green, 2011)

to assess the risk of bias in the individual studies. Only

four of the seven risk domains were considered relevant

to the review: (1) random sequence generation –

selection bias, (2) allocation concealment bias – selection

bias, (3) blinding of participants and personnel –

performance bias, and (4) blinding of outcome

assessment – detection bias.

Random sequence generation – selection bias
Studies that did not describe random allocation of piglets

to groups were classified as having ‘unclear risk’ of bias

for this risk domain. For studies that described random

allocation of piglets to groups, if no description of the

random allocation process was provided, then the study

was considered to a have an ‘unclear risk’ of bias. For

studies in which a description of random allocation

approach was provided (i.e. random number generation

or flipping a coin), the risk of bias was assessed as

follows:

1. If a simple or restricted random allocation was used

and the study size had at least 30 participants, we

considered this risk domain to have a low risk of bias.

2. If a simple random allocation was used and the study

size was less than 30, we considered this risk domain

to have a high risk of bias.

3. If a restricted random allocation was used that

accounted for the confounders of age, sow or litter,

weight, and adoption (cross-fostering), and if the study

size was less than 30, we considered this risk domain

to have a low risk of bias.

Allocation concealment – selection bias
Studies that did not describe random allocation of piglets

to groups were classified as having ‘unclear risk’ of bias.

For studies that described random allocation of piglets to

groups, we assessed whether allocation concealment was

reported. If the method used to conceal the allocation

sequence was described in sufficient detail to determine

whether intervention allocations could have been fore-

seen in advance of or during enrollment, we continued to

assess the risk of bias as either ‘Low risk’ of bias, ‘High

risk’ of bias, or ‘Unclear risk’ of bias based on descriptions

by Higgins and Green (2011). If the method used to

conceal the allocation sequence was insufficiently

described, the study was described as having an ‘unclear

risk’ of bias.

Performance bias
For the assessment of blinding participants and person-

nel, we assessed whether the study described measures

used to blind caregivers from knowledge of which

intervention a participant received and whether the

intended blinding was effective. Performance bias was

considered only relevant for the long-term outcomes,

adverse events: mortality, morbidity, and impaired wound

healing. If the method used for caregiver concealment

was described in sufficient detail to make a determination

of its efficacy, we continued to assess the risk of

performance bias as either ‘Low risk’, ‘High risk’, or

‘Unclear risk’ based on descriptions by Higgins and Green

(2011). If the method used for caregiver concealment was

insufficiently described, the study was described as

having an ‘unclear risk’ of bias.

Detection bias
The relevance of blinding must be assessed at the

outcome level; therefore, we first made judgments about

which outcomes were at a ‘high risk’ or ‘low risk’ of

detection bias if the study was not blinded. We

considered that the behavioral outcomes, including

vocalisations, were at high risk of bias if blinding was

not reported and at low risk of bias if blinding was

reported. Physiological and biochemical outcomes were

considered to be at low risk of bias regardless of the

presence or absence of blinding.

Summary measures
For continuous outcomes the primary summary effect

measure was the mean difference or the standardized

mean difference between treatment groups when

appropriate. For categorical outcomes, the proposed

summary effect measure was either the risk or prevalence

ratio.

Synthesis of results

For descriptive purposes, forest plots were created in

RevMan (2012). When a study had multiple relevant

interventions and one control arm, the control data were

used more than once. A random effects model was used.

Heterogeneity of the summary effect in each subgroup

was tested using Cochran’s Q (c2) statistic (significance

level P<0.10). Tau-squared (i.e. the between-study varia-

tion) for the subgroups was determined. The I2 statistic

was also reported. Summary effect measures and 95%

confidence intervals for each intervention–outcome

comparison subgroup were reported, regardless of

magnitude of heterogeneity measures.

Risk of bias across studies

The protocol proposed an assessment of publication bias

using funnels plots and other statistical methods as

appropriate.

Additional analyses

No additional analyses were performed.
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Results

Study selection

The search results are provided in Fig. 1. We searched

Google1 for electronic versions of these articles before

requesting copies through the Iowa State University

Library. In this way, we retrieved a thesis that had

originally been retrieved as a conference proceeding. The

thesis had two chapters with four studies relevant to

the review. In the end, 64 full articles were reviewed.

Twenty-four full articles did not meet the eligibility

criteria, leaving 40 full articles describing 52 studies

included in this review.

Study characteristics

Summary characteristics of the 52 studies included in

the review are shown in Table 3 and characteristics of

the 52 individual studies are reported in Table 4 and

Figs. 2–6.

Fig. 1. Study flow diagram.
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Table 3. Characteristics of relevant experiments identified by the review

Study characteristics Castration Tail docking Ear notching Teeth clipping

Studies 42 10 2 2
Technique – – – –
Castration – cut 21 – – –
Castration – tear 5 – – –
Castration – not reported 16 – – –
Tail docking – side cutters – 7 – –
Tail docking – blade – 2 – –
Tail docking – surgical cutters – 1 – –
Ear ID – notching – – 2 –
Teeth trimming – clip – – – 2

Language
English 24 8 2 2
German 17 0 0 0
French 2 2 0 0
Danish 1 0 0 0

Type of Publication
Published article 38 7 2 2
Conf. Proceeding 2 0 0 0
Thesis 2 3 0 0
Report 1 0 0 0
Not reported 1 0 0 0

Country
USA 2 1 0 0
Australia 0 2 2 2
Germany 8 0 0 0
France 1 2 0 0
Belgium 1 0 0 0
Brazil 1 0 0 0
Switzerland 2 0 0 0
Sweden 1 0 0 0
Not explicitly reported 28 5 0 0

Setting
University farm 3 2 2 2
Private farm 4 3 0 0
Laboratory facility 4 2 0 0
Not reported 33 3 0 0

Production system
All in/all out 3 3 0 0
Not reported 41 7 2 2

Management system
Farrowing crates 10 6 0 0
Farrowing pens 1 0 0 0
Individual farrowing pens 1 0 0 0
Not reported 32 4 2 2
Total number of animals 9766 5065 115 117
Not reported (studies) 2 0 0 0

Age
Range 1–28 days 18 h to 7 days 0 0
Max 28 days 7 days 3 days 3 days
Min 1 day 18 h 0 0
Not reported (studies) 1 0 0 0

Weight
Range At least 1–10.6 kg 0 0 0
Max 10.6 kg 0 0 0
Min At least 1 kg 0 0 0

Other Mean 2.2±0.45 days
Not reported (studies) 31 8 2 2
Breed
Meat breed 31 9 2 2
Not reported 12 1 0 0
Other 1 0 0 0
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Procedures used
Piglets in 42 studies underwent castration only. Piglets in

two studies underwent both castration and tail docking

(Tenbergen, 2012). Piglets in ten studies underwent tail

docking only and piglets in two studies underwent ear

notching and teeth clipping (Rand et al., 2002). Of the

studies in which castration was performed 19 studies

assessed general anesthesia protocols, 16 studies assessed

local anesthesia protocols, and 14 studies assessed NSAID

protocols. Where piglets were tail-docked, two studies

assessed general anesthesia, four studies assessed local

anesthesia, and three studies assessed NSAIDs. Four

studies assessed the pain mitigation efficacy of sucrose

after piglets underwent teeth clipping, ear notching, and

tail docking (Rand et al., 2002).

Outcomes reported
The outcomes reported by each study are reported in

Table 4. The frequencies of outcomes are provided in

Table 5. The most commonly reported outcome was

cortisol (18 of 52 studies). Commonly, measures of

variation or the actual outcome were not reported, and

instead only a P-value or the interpretation of the P-value

was reported. Eighteen studies described adverse events:

herniations (n=1), mortality (n=9), impaired wound

healing (n=11), and morbidity (n=2). (McGlone et al.,

1987; Waldmann et al., 1994; Prunier et al., 2001; Mauch

and Bilkei, 2004; Lahrmann et al., 2006; Rittershaus et al.,

2009; Sutherland et al., 2010; Hansson et al., 2011; Rault

and Lay, 2011; Sutherland et al., 2011; Reiner et al., 2012;

Schwab et al., 2012; Sutherland et al., 2012; Tenbergen,

2012).

Risk of bias within relevant studies

Randomization, blinding, and blocking are described in

Table 4. Thirty-three studies used the term ‘randomly’,

‘randomized’, or ‘random’ in their description of

piglet allocation to groups. Restriction of randomization

by either blocking by continuous covariates or stratifica-

tion by categorical covariates was reported in 39 studies.

No study that controlled for continuous outcomes

explicitly reported the block size. Eighteen studies

reported blinding, but did not provide a full description

of the approach used to blind the study or the task was

blinded.

With respect to the risk of selection bias in those studies

eventually included meta-analyses (listed below), none

provided sufficient detail of random sequence generation

or allocation concealment to assess the potential for risk.

Therefore, in this group of studies, the risk of selection

bias on the efficacy of the interventions is unclear. The

risk of performance bias was considered relevant for

adverse events – herniations, impaired wound healing,

morbidity. However, this risk domain could not be

assessed because adverse outcomes were poorly reported

and caregiver blinding was never reported. The approach

to blinding of outcome assessors and its effectiveness was

not reported or insufficiently reported, making the risk of

detection bias unclear for all outcomes in the meta-

analysis.

Results of individual studies

As reported the accumulated data were sparse and

although many studies reported measuring outcomes,

frequently data were reported in a manner that precluded

extraction. As a result it was decided by the review panel

to conduct meta-analysis for seven outcomes:

1. Cortisol;

2. Norepinephrine;

3. b-endorphins;
4. Frequency of vocalisations was described using the

units hertz (Hz);

5. Energy or pitch of vocalisations were described using

the units decibels (dB);

6. Vocalisation rate or risk was measured, such as the

number of piglets that vocalized after castration per

unit of time or the number of animals that vocalized

from the group;

7. Pain-related behaviours – this outcome was defined

after data extraction.

This approach to synthesis was based on discussions with

the content experts after data extraction and assessment

of data availability. The rationale for presenting these

Table 3 (Continued)

Study characteristics Castration Tail docking Ear notching Teeth clipping

Number of rel. arms in study
2 23 8 2 2
3 11 0 0 0
4 7 0 0 0
5 2 2 0 0
6 1 0 0 0

Intervention
Pharmacological 39 5 0 0
Non-pharmacological 6 (1 says both) 7 (2 say both) 2 2
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Table 4. Characteristics of studies included in the review

Study
Procedure
performed

Intervention for the relevant
group Country/setting

Randomization/
restriction/blinding Outcomes extracted

Beirendonck
et al. (2011)

Castration 100% CO2 Belgium/
University-
owned farm

NR/litter/NR Lying, playing, running, sitting, aggression, feeding events
(suckling/nursing); feeding event (teat seeking/udder
mouthing)

Cordeiro et al.
(2012)

Castration Lidocaine Brazil/privately-
owned/
commercial
operation

NR/NR/NR Amplitude (minimum and maximum); signal energy; signal
duration; pith frequency; formants 1,2,3,4

Courboulay
et al. (2010)

Castration Ketoprofen; lidocaine NR/NR NR/litter, weight,
and adoption/NR

Cortisol; playing; frequency of production of movement of the
hind quarters; frequency of production of body movements;
average intensity of the cries; tail wagging; isolation

Hansson et al.
(2011)

Castration Meloxicam; lidocaine Sweden/NR Reported/litter/NR Running, playing, sitting, call intensity, resistance
movements; ear temperature; serum amyloid; skin
temperature

Horn et al.
(1999)

Castration Lidocaine Germany/
University-
owned farm

NR/litter/NR Relative proportion of defensive movements; number of
defensive sequences; cries; grunts; number of vocalisations

Jaggin et al.
(2001)

Castration 5% halothane/O2 NR/NR Reported/NR/NR ACTH, b-endorphins, vocalisations during castrations,
defense movements

Kluivers-
Poodt et al.
(2012)

Castration Meloxicam; lidocaine NR/NR Reported/litter/NR Cortisol; call duration; call rate; main frequency; peak
amplitude; peak frequency

Jaggin et al.
(2001)

Castration 80% CO2/20% O2 Switzerland/NR Reported/NR/NR ACTH, b-endorphins, cortisol, defensive reaction

Kohler et al.
(1998)

Castration CO2/O2 NR/NR NR/NR/NR Pain reaction score

Lahrmann
et al. (2006)

Castration Ketamine/azaperone
combination

NR/NR Reported/NR/NR Vocalisations; defensive movements

Langhoff et al.
(2009)

Castration Meloxicam; flunixin
meglumine

NR/NR Reported/weight/
NR

Activity states – lying, playing; tail wagging; hind legs
twitching; feeding event – teat seeking/udder mouthing;
stimulation of udder; scratching scrotum

Langhoff et al.
(2009)

Castration Meloxicam; flunixin
meglumine; carprofen

NR/NR NR/weight/NR Cortisol (30 min, 1, 4 and 24 h)

Lauer et al.
(1994)

Castration 60% CO2/40% O2 NR/NR NR/NR/NR Cortisol (just after castration, 60, 90, 120 min, 24 h); wide
legged stance, careful/cautious gait; arching of the back

Leidig et al.
(2009)

Castration Procaine Germany/NR Reported/litter and
weight/NR

Vocalisation – call duration; intensity of defense behavior
(scale 0–4); summed total of duration of defense behavior
(scale 0–3); summed total of duration of defense behavior
(scale 0–3)

Marx et al.
(2003)

Castration Lidocaine Germany/
privately-owned/
commercial
operation

NR/litter/NR Epinephrine, norepinephrine, vocalisation – call duration;
vocalisation; grunts; squeals; screams
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Table 4 (Continued)

Study
Procedure
performed

Intervention for the relevant
group Country/setting

Randomization/
restriction/blinding Outcomes extracted

Mauch and
Bilkei (2004)

Castration Acepromazine and ketamine;
azaperone and ketamine;
acepromazine and 10%
ketamine

NR/NR NR/litter/NR Post-surgical anesthesia/surgical sleep

McGlone
et al. (1987)

Castration Xylazine, ketamine and 5%
glyceryl guaiacolate

NR/NR Reported/NR/
reported

# missed nursing, standing under heat, lying under heat,
standing away from heat, lying away from heat, nursing,
incoordinated

McGlone
et al. (1987)

Castration Lidocaine NR/NR Reported/NR/
reported

Standing under heat, lying under heat, standing away from
heat, lying away from heat, nursing, incoordinated

Muhlbauer
et al. (2009)

Castration 70%CO2/30% O2 Germany/
laboratory/
research facility

Reported/weight/
NR

Cortisol (30 min,1, 4 h and 1 d); epinephrine (2 min);
norepinephrine (2 min)

Nyborg et al.
(2000)

Castration Bupivacaine (with
noradrenaline)

NR/NR Reported/NR/
reported

Squealing; no. of c-Fos-positive neurons

Prunier et al.
(2001)

Tail docking Vaporizing of an instant
cry-active product

France/
laboratory/
research facility

NR/litter/NR Lying, sitting, udder mouthing

Prunier et al.
(2001)

Tail docking Vaporized refrigerant France/
laboratory/
research facility

NR/litter/NR ACTH, cortisol

Rand et al.
(2002)

Ear notching Sucrose Australia/
University-
owned farm

Reported/litter/
reported

Tail flicking, tail jamming, grunt, squeal

Rand et al.
(2002)

Tail docking,
teeth clipping,
and ear
notching

Sucrose Australia/
University-
owned farm

Reported/litter/
reported

Tail flicking, tail jamming, grunt, squeal

Rand et al.
(2002)

Tail docking Sucrose Australia/
University-
owned farm

Reported/litter/
reported

Head shaking, tail flicking, tail jamming

Rand et al.
(2002)

Teeth clipping Sucrose Australia/
University-
owned farm

Reported/litter/
reported

Tail flicking, tail jamming, grunt, squeal

Rault and Lay
(2011)

Castration N2O/O2 USA/laboratory/
research facility

NR/litter and
weight/reported

Tail wag, scratching quarter, agitation frequency, agitation
intensity, huddle up, Vocalisation (both high frequency [i.e.
squeals] and low frequency [i.e. grunts]) length during
castration

Reiner et al.
(2012)

Castration Flunixin; flunixin; meloxicam Germany/NR Reported/litter and
weight/reported

Cortisol; stress vocalisations; suckling/nursing; teat seeking/
udder mouthing; teat seeking/udder mouthing; walking;
flinching

Rittershaus
et al. (2009)

Castration Chorethyl cooling spray;
EMLA-cream

Germany/
laboratory/
research facility

NR/NR/NR Cortisol (1 and 24 h); scream frequency; high frequency;
entropy and duration
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Table 4 (Continued)

Study
Procedure
performed

Intervention for the relevant
group Country/setting

Randomization/
restriction/blinding Outcomes extracted

Rutherford
et al. (2009)

Tail docking Prenatal stress of sows –
mingled twice during gestation

NR/NR NR/sow/reported Pain scores

Schmidt et al.
(2012)

Castration Meloxicam Germany/
University-
owned farm

Reported/litter and
weight/reported

Standing, walking; Feeding event – teat seeking/udder
mouthing; Feeding state – teeth champing/chewing

Schonreiter
et al. (2000)

Castration CO2/O2 NR/NR NR/NR/NR Cortisol (1 and 24 h); b-endorphins (1 and 24 h); (playing,
suckling, standing)

Schulz et al.
(2007b)

Castration 5% isoflurane NR/NR Reported/NR Epinephrine and norepinephrine (just after castration)

Schulz et al.
(2007a)

Castration 5% isoflurane NR/NR Reported/NR/NR Cortisol (at 30 min, 1, 4 and 24 h)

Schwab et al.
(2012)

Castration Ketoprofen France/
laboratory/
research facility

Reported/litter/NR ACTH; Cortisol; mean behavior score (1, 2, 4 and 24 h)

Sutherland
et al. (2010)

Castration Flunixin meglumine NR/NR Reported/litter and
weight/reported

Cortisol (30, 60, 120, 180 min); substance P (30, 60,
120 min); C-reactive protein

Sutherland
et al. (2011)

Tail docking 100% CO2; lidocaine;
cetacaine; tri-solfen

NR/NR Reported/litter and
weight/NR

Cortisol (30, 60, 90 min and 4 h)

Sutherland
et al. (2012)

Castration 100% CO2; flunixin meglumine NR/NR Reported/litter and
weight/NR

Lying without contact; lying with contact; stress vocalisations;
pain-like behavior, walking, standing, sitting

Sutherland
et al. (2010)

Castration Flunixin meglumine NR/NR Reported/litter and
weight/reported

Lying without contact; lying with contact; stress vocalisations;
pain-like behavior, walking, standing, sitting

Sutherland
et al. (2011)

Tail docking 100% CO2; lidocaine;
cetacaine; Tri-solfen

NR/NR Reported/litter and
weight/NR

Vocalisation, suckling, standing, sitting, walking, pain-like
behaviors, active

Sutherland
et al. (2012)

Castration 100% CO2; flunixin meglumine NR/NR Reported/litter and
weight/NR

Cortisol (30, 60, 120, 180 min, 24 h); Substance P (30, 60,
120, 180 min); C-reactive protein

Tenbergen
(2012)

Castration, tail
docking

Meloxicam NR/NR Reported/litter/
reported

Cortisol (30, 60, 90 min and 4 h)

Tenbergen
(2012)

Castration, tail
docking

Ketoprofen NR/NR Reported/litter/
reported

Cortisol (30, 60, 90 min and 4 h)

Tenbergen
(2012)

Tail docking Ketoprofen NR/privately-
owned/
commercial
operation

Reported/litter/
reported

Cortisol (30, 60, 90 min and 4 h)

Waldmann
et al. (1994)

Castration Butanilicaine phosphate;
thiopental sodium tiletamine/
zolazepam; propofol

NR/NR NR/litter NR Rectal temperature (30 min, 1, 3 and 5 h)

Walker et al.
(2004)

Castration Isoflurane/O2; isoflurane/N20/
O2

Switzerland/NR NR/litter and
weight/NR

ACTH, b-endorphins, pain scores

Wavreille
et al. (2012)

Castration Meloxicam; tolfenamic acid NR/NR Reported/weight/
reported

Cortisol; heart rate; scratching of scrotum; trembling or
spasms; crying; isolation

White et al.
(1995)

Castration Lidocaine NR/NR NR/litter/NR Heart rate, respiratory rate; mean frequency with the highest
energy (HEF)
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outcomes was that: (1) these outcomes were ranked as

important in a separate exercise used for the recommen-

dation-making project (results not reported), and (2) data

were available for these outcomes. For presentation

purposes, the intervention types were organized as

general anesthetic, local anesthetic, and NSAID and

presented within those categories. Finally, as the objective

of the study was to summarize bodies of work rather than

rewrite single study results, further summarization was

only conducted on outcome–intervention–procedure

combinations with more than one independent study

reported in a manner that enabled calculation of an effect

measure. The absence of a forest plot for a procedure–

intervention combination therefore implies that either no

study reported the outcome or multiple studies reported

the outcome, but not more than one in a manner that data

could be extracted fully.

Individual study results for castration and general
anesthetic protocols
Figures 2 and 3 are forest plots that include, in the

columns on the center side of the figure mean of cortisol,

the SD and number of animals enrolled each trial arm for

piglets that received general anesthesia prior to castration

under 60 min and between 1 and 24 h, respectively.

Although many studies reported cortisol, only three

studies (Kohler et al., 1998; Schonreiter et al., 2000;

Muhlbauer et al., 2009) provided complete information.

Figure 4 is a forest plot that presents the study level data

for blood b-endorphin levels under 60 min for studies

that assessed the pain mitigation efficacy of isoflurane,

halothane, and CO2/O2 anesthesia. For isoflurane, only a

single article with three trial arms was available, so no

summary calculation was possible. There appeared to be

no significant difference in blood b-endorphin levels

under 60 min in piglets that were castrated while

receiving isoflurane (MD: 1.30; 95% CI: �3.30–5.98;

P=0.59), halothane (MD: 1.59; 95% CI: �0.11–3.30;

P=0.07), or CO2/O2 anesthesia (MD: 1.06; 95% CI:

�0.66–2.78; P=0.23), compared with piglets receiving no

anesthesia. Although several studies assessed norepi-

nephrine, none provided a comprehensive report; there-

fore, individual results are not presented. For vocalisation

outcomes and pain-related behavioral outcomes, the

results of individual studies are reported in Tables 6 and

7. Vocalisation outcomes were often measured at the time

of the procedure. Rault and Lay (2011) assessed high-

frequency (i.e. squeals) and low-frequency (i.e. grunts)

vocalisations during N2O/O2 anesthesia and found that

‘the treatments did not differ during castration itself

(P=0.87), with piglets vocalizing 80% of the time’ (Rault

and Lay, 2011).

Individual study results for castration and local
anesthetic protocols
Thirteen studies assessed local anesthesia protocols

that evaluated cortisol, norepinephrine, or pain-relatedT
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behavior metrics. The local anesthetics assessed included

lidocaine, procaine, cetacaine, bupivacaine, and tri-

solfen. None provided complete reporting for any of

the outcomes; therefore, forest plots were not created and

individual results (which were incomplete) are not

presented. Tables 6 and 7 contain the results for studies

that report vocalisation and pain behaviours out-

comes for piglets castrated and illustrate the incomplete

reporting.

Individual study results for castration and NSAID
protocols
Figure 5 provides the individual results for protocols that

assessed the impact of use of NSAIDs on blood cortisol

levels under 60 min for piglets that received meloxicam,

ketoprofen, or flunixin meglumine. Three studies (Langh-

off et al., 2009; Reiner et al., 2012; Tenbergen, 2012)

provided data for the assessment of meloxicam as a pain

mitigation strategy. No studies comprehensively reported

Study or subgroup
Intervention Mean differenceControl Mean difference

IV, Random, 95% Cl (nmol l–1) IV, Random, 95% Cl (nmol l–1)Total Total WeightMean (nmol l–1) Mean (nmol l–1)SD (nmol l–1) SD (nmol l–1)

Fig. 2. Forest plot of cortisol (nmol l�1) measurements occurring within 60 min of castration for trials comparing the pain
responses of piglets that received a variety of general anesthetic to no anesthetic.

Study or subgroup
Intervention Mean differenceControl Mean difference

IV, Random, 95% Cl (nmol l–1) IV, Random, 95% Cl (nmol l–1)WeightTotal TotalMean (nmol l–1) Mean (nmol l–1)SD (nmol l–1) SD (nmol l–1)

Fig. 3. Forest plot of cortisol measurements (nmol l�1) occurring between 1 and 24 h of castration for trials comparing the pain
responses of piglets that received a variety of general anesthetic to no anesthetic.
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assessment of b-endorphins or norepinephrine in

castrated pigs receiving NSAIDS. Individual results for

vocalisation outcomes and pain-related behaviours are

provided in Tables 6 and 7, respectively.

Synthesis of results

Prior to attempting quantitative synthesis, but after data

extraction, the content experts were asked to determine

Study or subgroup
Intervention Mean differenceControl Mean difference

IV, Random, 95% Cl (nmol l–1) IV, Random, 95% Cl (nmol l–1)WeightTotal TotalMean (nmol l–1) Mean (nmol l–1)SD (nmol l–1) SD (nmol l–1)

Fig. 4. Forest plot of b-endorphin measurements (pmol l�1) occurring within 60 min of castration for trials comparing the pain
responses of piglets that received a variety of general anesthetic to no anesthetic.

Study or subgroup
Intervention Mean differenceControl Mean difference

IV, Random, 95% Cl (nmol l–1) IV, Random, 95% Cl (nmol l–1)WeightTotal TotalMean (nmol l–1) Mean (nmol l–1)SD (nmol l–1) SD (nmol l–1)

Fig. 5. Forest plot of cortisol measurements (nmol l�1) occurring within 60 min of castration for trials comparing the pain
responses of piglets that received a variety of non-steroidal anti-inflammatory to no anti-inflammatory.
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appropriate subgroup analyses. This approach was

necessary because at the protocol stage only some but

not all interventions in the body of work were known.

Because of differing pharmacokinetics within the general

anesthesia protocols, the expert group suggested that

general anesthesia protocols should always be considered

separately. Therefore, it was decided that no summary

effect of general anesthetic should be calculated.

However, for the NSAIDs and local anesthetic protocols,

a priori it was considered reasonable to test the

hypothesis that the subgroups were not a source of

clinical heterogeneity.

Synthesis of results for castration and general
anesthetic protocols
Only CO2/O2 anesthesia had more than one study with

estimable outcome for cortisol. Fig. 2 illustrates there was

considerable statistical heterogeneity across studies for

this intervention (c2=17.10; P=0.002; I2=88%); therefore,

while the summary effect for cortisol levels under 60 min,

that does not favor CO2/O2 anesthesia (summary mean

difference: 33.97; 95% CI: �57.41–125.35; P=0.47).

Figure 3 shows that cortisol levels for piglets between 1

and 24 h post-castration and the effect of CO2/O2

anesthesia on cortisol seemed favorable (summary mean

difference: �59.97; 95% CI: �92.78 to �27.17; P<0.001),

and there appeared to be little evidence of heterogeneity

between these two studies (c2=1.10; P=0.29; I2=9%).

The forest plot in Fig. 4 also provided the results of the

meta-analysis of b-endorphins. Data were available for

several protocols, and the subgroup analysis suggested

provided no reason to reject the null hypothesis that these

protocols can be combined (test for subgroup differences

P=0.91). As all studies reported no significant change in

b-endorphins, the conclusion was that general anesthetics

did not affect b-endorphins measured within 60 min of

castration. No synthesis of vocalisation outcomes was

conducted for general anesthesia protocols and castra-

tion. Furthermore, we did not attempt synthesis of the

pain-related behaviors as only one studied reported

completely.

Synthesis of results for castration and local anesthetic
protocols
Because the results were incompletely reported, it was

not possible to conduct quantitative synthesis of cortisol,

b-endorphins, and norepinephrine for local anesthetic

protocols. For the vocalisation outcomes, although

we attempted to limit the outcomes to those that had

common units (Hz, dB, and rates) to increase the

opportunity for synthesis even within this restriction,

the metric reported by authors was very diverse. For

example, some authors reported peak amplitude and

others reported call intensity, for some outcomes the ex-

pectation was a decrease, for other outcomes the

expectation was an increase, and therefore was unclear

Study or subgroup
Intervention Mean differenceControl Mean difference

IV, Random, 95% Cl (nmol l–1) IV, Random, 95% Cl (nmol l–1)WeightTotal TotalMean (nmol l–1) Mean (nmol l–1)SD (nmol l–1) SD (nmol l–1)

Fig. 6. Forest plot of cortisol measurements (nmol l�1) occurring between 1 and 24 h of castration for trials comparing the pain
responses of piglets that received a variety of non-steroidal anti-inflammatory to no anti-inflammatory.
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that these should be quantitatively combined. Further-

more, the reporting of measures of variation was poor

(see Table 6). Consequently no synthesis was possible to

combine these data or quantify of the effect of NSAIDS on

vocalisation. In general, the data reported in Table 6 show

that the point estimates of vocalisation outcomes were

lower in treated groups, as would be expected. However,

the magnitude of effect cannot be determined. Many

studies that did report these outcomes also reported

blinding of outcome assessment as shown in Table 5. For

the pain-related behaviors, again reporting was incom-

plete, precluding quantitative synthesis. Even making

inference about point estimates was not even.

Synthesis of results for castration and NSAID protocols
Although all three NSAIDS (meloxicam, ketoprofen,

and flunixin meglumine) showed reductions in cortisol

levels in the treated animals, an assessment across

the NSAIDS subgroups suggested considerable hetero-

geneity. Therefore, an across protocol summary effect

measure was not calculated (I2=94.4%; c2=53.33;

P=0.00001) (Fig. 5). Therefore, the results are discussed

separately.

Figure 5 provides the results of the meta-analysis of the

protocols that assessed the impact of use of NSAIDs on

blood cortisol levels under 60 min for piglets that

received meloxicam, ketoprofen, or flunixin meglumine.

The difference in magnitude reported by the three studies

that assessed meloxicam is reflected in the results of the

tests for heterogeneity among these studies (c2=6.08;

P=0.05; I2=67%). With only three studies it was not

possible to explore sources of heterogeneity. Therefore,

while the summary effect measure does support the

notion that meloxicam does reduce cortisol measured

within 60 min of the procedure (MD: �92.02; 95% CI:

�158.12 to �25.92; P=0.006), the width of the

Table 5. List of outcomes extracted and frequency of reporting based on time points and management procedure

Outcome

Castration Tail docking Ear notching Teeth clipping

0–60 min 1–24 h 0–60 min 1–24 h 0–60 min 1–24 h 0–60 min 1–24 h

ACTH 5 0 1 0 0 0 0 0
b-endorphins 6 2 0 0 0 0 0 0
Body temperature 1 2 0 0 0 0 0 0
Cortisol 16 13 3 4 0 0 0 0
Epinephrine 4 0 0 0 0 0 0 0
Haptoglobin 0 0 0 0 0 0 0 0
Heart rate 4 0 0 0 0 0 0 0
Norepinephrine 4 0 0 0 0 0 0 0
Respiratory rate 4 0 0 0 0 0 0 0
Substance P 1 1 0 0 0 0 0 0

Vocalization
Call duration 3 0 0 0 0 0 0 0
Call rate 2 0 0 0 0 0 0 0
Main frequency 4 0 1 0 0 0 0 0
Peak amplitude 2 0 0 0 0 0 0 0
Peak frequency 3 0 0 0 0 0 0 0

Activity event
Escape attempts 1 0 0 0 0 0 0 0
Activity state
Lying 5 7 3 2 0 0 0 0
Playing 3 4 0 0 0 0 0 0
Running 2 2 0 0 0 0 0 0
Sitting 3 4 2 1 0 0 0 0
Aggression 2 2 0 0 0 0 0 0
Avoidance 3 3 2 0 0 0 0 0

Body movement
Head shaking 0 0 2 0 2 0 2 0
Rear end movement 7 3 3 0 2 0 2 0

Feeding event
Suckling/nursing 3 5 0 0 0 0 0 0
Teat seeking/udder movement 2 3 1 1 0 0 0 0
Teeth champing/chewing 0 0 2 0 2 0 2 0

Feeding state
Suckling/nursing 2 4 0 0 0 0 0 0
Teat seeking/udder movement 0 1 2 1 0 0 0 0

Outcomes never reported: eeg and ecg, teeth champing/chewing, ear flicking, urination, defecation.
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Table 6. Results from individual studies for vocalisation outcomes for piglets undergoing castration (no tail-docking studies reported vocalisation)

Study Author’s description of outcome Units Intervention

Intervention group result
(mean (SD) or rate (SD)
or proportion (SD))

Number in
intervention
group

Placebo group result
(mean (SD) or rate (SD)
or proportion (SD))

Number in
comparison
group

General anesthesia
Rault and
Lay (2011)

Vocalisation (both high frequency (i.e.
squeals) and low frequency (i.e. grunts))
length during castration

% N2O/O2 81.45 (21.61) 12 79.93 (21.61) 12

Local anesthesia
Courboulay
et al. (2010)

Average intensity of cries dB Lidocaine 103.4 (11.3) NR 113 (4) NR

Hansson
et al. (2011)

Call intensity dB Lidocaine 103 (11) 139 11.9 (8) 139

Horn et al.
(1999)

Grunts Number of
grunts

Lidocaine 38.7 (NR) 12 45.1 (NR) 12

Horn et al.
(1999)

Cries Number of
cries

Lidocaine 112.2 (NR) 12 132.4 (NR) 12

Horn et al.
(1999)

Grunts Number of
grunts

Lidocaine 36.6 (NR) 12 45.1 (NR) 12

Horn et al.
(1999)

Cries Number of
cries

Lidocaine 148.8 (NR) 12 132.4 (NR) 12

Kluivers-
Poodt et al.
(2012)

Main frequency (frequency of highest
amplitude in the mean spectra of the
call)

Hz Lidocaine 3894 (409) 32 4464 (289) 32

Kluivers-
Poodt et al.
(2012)

Call rate Number of
calls per
seconds

Lidocaine 1.052 (0.59) 32 1.111 (0.48) 32

Kluivers-
Poodt et al.
(2012)

Peak amplitude (maximum amplitude of
a call)

dB Lidocaine �33.5 (12.44) 32 �25.2 (7.63) 32

Marx et al.
(2003)

Call energy dB Lidocaine 89.6 (NR) NR 90.2 (NR) NR

Marx et al.
(2003)

Grunts/squeals/screams Number of
calls per
animal

Lidocaine 73.25 (NR) NR 84.94 (NR) NR

Marx et al.
(2003)

Main frequency Hz Lidocaine 4430 (NR) NR 3943 (NR) NR

Rittershaus
et al. (2009)

Scream frequency Increase in
sounds per
second

Chlorethyl
cooling
spray

0.4 (NR) NR 0.7 (NR) NR

White et al.
(1995)

Mean frequency with the highest energy
(HEF)

Hz Lidocaine 1300 (NR) 86 3100 (NR) 86

Non-steroidal anti-inflammatory drug (NSAID)
Courboulay
et al. (2010)

Average intensity of cries dB Ketoprofen 113 (4) NR 113 (4) NR

Hansson
et al. (2011)

Call intensity dB Meloxicam 111 (8) 139 111.9 (8) 139
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confidence interval of the summary effect provides good

evidence of the uncertainty about the magnitude of the

reduction.

There was no statistical evidence of heterogeneity

(c2=0.55; P=0.46; I2=0%) among the studies that assessed

the efficacy of ketoprofen based upon blood cortisol

levels within 60 min of castration (Schwab et al., 2012;

Tenbergen, 2012). The results favored the use of

ketoprofen (MD: �235.07; 95% CI: �278.50 to �191.63;

P<0.001) compared to no intervention.

The data from the four groups (from three studies) that

assessed flunixin meglumine (Langhoff et al., 2009; Reiner

et al., 2012; Sutherland et al., 2012) favor the use of

flunixin meglumine compared with no intervention (MD:

�78.44; 95% CI: �105.98 to �50.90; P<0.001), based on

blood cortisol levels under 60 min. There was little

evidence of heterogeneity among these studies

(c2=0.63; P=0.89; I2=0%).

Figure 6 is a forest plot summarizing the comparisons

of blood cortisol levels between 1 and 24 h for piglets that

received NSAIDs. Generally, the observations were

favorable, suggesting that these NSAIDS were consistently

associated with reductions in cortisol. The assessment of

heterogeneity across subgroups suggested the effect was

consistent across all the protocols (I2=51.9%; c2 for

subgroup differences=6.24; P=0.10).

Assessment of risk of bias across studies

Formal statistical assessment of publication bias or

selective reporting bias was not feasible due to limited

availability of data for each intervention–outcome–proce-

dure combination.

Discussion

Summary of evidence

Pain mitigation in piglets between one and 28 days of age,

undergoing castration, tail docking, ear notching, or teeth

clipping will likely become a higher priority area for

consumers and retailers as attention moves beyond

gestation sow housing. There are currently no US Food

and Drug Administration (FDA) approved drugs for pain

mitigation in piglets destined for human consumption.

Furthermore, the mechanism of pain mitigation by

available drugs is poorly understood in swine and is

extrapolated from other scientific evidence. Although a

reasonably large body of work was available for evalua-

tion, a number of issues reduced our ability to confidently

assess the comparative efficacy of general anesthetic,

local anesthetic, or NSAID protocols. Although interest-

ing, the exact relationship between the outcomes

reported and pain is not within the scope of this review.

Instead, we summarized the associations between theT
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Table 7. Extracted pain-related behavioral outcomes for castration and tail docking

Study Author’s description of outcome Units Intervention

Intervention group
result (mean (SD)
or rate (SD) or
proportion (SD))

Active group
n

Placebo group
result (mean (SD)
or rate (SD) or
proportion (SD))

Placebo
group n

General anesthesia within 60 min
Kohler et al. (1998) Pain reaction score Score CO2/O2 0 (N/A) 10 9 (N/A) 10
Kohler et al. (1998) Pain reaction score Score Halothane/

O2

5 (N/A) 10 9 (N/A) 10

Rault and Lay (2011) Tail wag Average of 24
scans

N2O/O2 1.73 (0.9) 12 2.46 (3.11) 12

Local anesthesia within 60 min of procedure
Courboulay et al.
(2010)

Frequency of movement of the hind
quarters

% of piglets Lidocaine 87.5 (NR) NR NR (NR) NR

Horn et al. (1999) Duration of defensive movement Seconds Procaine 32 (12.7825) 12 44.98 (12.78) 12
Leidig et al. (2009) Intensity of defense behavior (scale 0–4) % Lidocaine Reported as

medians
and quartiles

NR Reported as
medians
and quartiles

NR

Local anesthesia 1–24 h post-procedure
Courboulay et al.
(2010)

Tail wagging % of views Lidocaine 3.5 (4.3) NR NR (NR) NR

NSAID within 60 min post-procedure
Courboulay et al.
(2010)

Tail wagging Ketoprofen 0.9 (2.4) 1.1 (3)

Schwab et al. (2012) Mean behavior score at 1 h Ketoprofen 0.7 (NR) 50 1.1 (NR) 50

NSAID 1–24 h post-procedure
Courboulay et al.
(2010)

Tail wagging % of views Ketoprofen 1.6 (2.1) NR 8.6 (11)

Reiner et al. (2012) Duration of flinching tail Seconds Flunixin 55.3 (82.15) 30 33.5 (41.62) 30
Reiner et al. (2012) Duration of flinching tail Seconds Flunixin 42.9 (65.72) 30 33.5 (41.62) 30
Reiner et al. (2012) Duration of flinching tail Seconds Meloxicam 54.7 (62.44) 30 33.5 (41.62) 30
Schwab et al. (2012) Mean behavior score at 2 h Score Ketoprofen 0.8 (NR) 50 1.1 (NR) 50

General anesthesia, tail docking within 60 min post-procedure
Sutherland et al.
(2012)

% of time spent performing behavior Pain-like
behaviors

100% CO2 4.14 (0.34) 10 2.11 (1.42) 10

General anesthesia, tail docking 1–24 h post-procedure
Sutherland et al.
(2012)

% of time spent performing behavior Pain-like
behaviors

100% CO2 0.04 (1.48) 10 0.86 (0.34) 10

NR, not reported.
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outcomes measured and the interventions, and the end

user must make use of that to make inferences about

pain. The end user may then determine if the association

is sufficient to warrant use because adoption of a product

must be based on: (1) the expected association between

the outcome and pain, (2) the magnitude of the effect, (3)

values and preferences, (4) balance of benefits and harms

based on other outcomes, and (5) resources. For our

project, that step was a separate part and is reported in the

companion paper.

Using the data in Figs. 2 and 3, the available evidence

suggests general anesthesia protocols did not reduce

cortisol levels under 60 min. For the two studies that

assessed cortisol from 1 to 24 h using CO2/O2 anesthesia,

the summary mean difference was lower in animals that

received the CO2/O2 anesthesia. The study that reported

the significant effect also did not report random allocation

to group, whereas the study with the confidence interval

that included the null value did report random allocation

to group. The potential for selection bias to affect the

outcome is therefore unclear. Both studies failed to report

blinding however the potential for bias is likely low. End

users would have to determine if such evidence is

sufficient to warrant use when compared with other

outcomes including the potential for adverse events when

general anesthesia is employed.

From Fig. 4, the data also suggest that CO2/O2

anesthesia is associated with lower mean of b-endorphins
when measured within 60 min of castration. The associa-

tion between of b-endorphins and pain in piglets is

unclear; therefore, end users would have to determine if

such evidence is sufficient to warrant use.

For the NSAIDs, meloxicam, and ketoprofen, the

summary mean difference for cortisol measure consis-

tently lower in animals receiving these products under

60 min and 1 to 24 h. For flunixin meglumine, the

summary measure was calculated to not include the null

value when cortisol was measured under 60 min. The

potential for selection to affect these outcomes is unclear,

as the studies contain a mixture of studies that reported

randomization or failed to report randomization (Table 3).

Similarly, blinding was inconsistently reported however

the potential for misclassification bias for this outcome is

likely low.

Although authors reported vocalisation and pain-

related behavior measures, quantitative synthesis

approaches were not suited for evaluating these

outcomes. Methods described were neither validated nor

was there harmonization among researchers. One option

would be to standardize these outcomes using standar-

dized mean difference, but this was not considered

suitable because the expected direction of benefit (i.e.

should the intervention increase or decrease the outcome

if effective) was not clear from the original manuscript.

Therefore, we simply summarized the extracted vocalisa-

tion and pain-related measures and presented them in

Tables 6 and 7. In these tables, it is possible to see that

often the point estimate is lower in the treatment group;

however, it is also possible to see that measures of

variation are often not reported. Consequently, it seems

inappropriate to draw conferences from these point

estimates. Depending upon how the outcome is

measured, the potential for bias could be high. The end

user can identify a study of interest and determine the use

of blinding by referring to Table 3.

Meaningful heterogeneity was a common feature of the

meta-analysis. Although the opportunity to explore

source of heterogeneity was not available due to limited

data, a major source of heterogeneity could be the

methodological approaches used by individual investiga-

tors. Some of these sources might include when

procedures were administered. For example, NSAIDs

were administered at variable times prior to castration,

e.g. 15 min, 30 min or 1 h before the procedure. There

were also differences in when outcomes were assessed,

e.g. cortisol assessed at 90 min, 2 h, or 4 h after castration.

There was also failure by authors to report key

components of the study design such as blinding and

the approach to allocation to groups.

Limitations

Review-level limitations
The review was conducted based on the approaches

recommended by standard groups associated with

systematic reviews with little deviation from the protocol.

One outstanding aspect of the review was the translation

of studies to be included, a feature that is often not

included in reviews. With respect to the review metho-

dology, two usually desirable aspects of systematic

reviews that include a meta-analysis are missing: an

assessment of publication bias and a quantitative assess-

ment of sources of (rather than just the presence of)

heterogeneity using meta-regression or similar methodol-

ogies. Both of these features are missing because of

insufficient data to conduct appropriate analyses rather

than simple omission.

Although there may be concern about the funding

agency and the extent to which the experts in the project

were associated with pharmaceutical products, we

propose that the risk of bias was controlled by several

factors. First, the experts included were chosen based on

the relevance of their expertise to the review question.

This expertise that made them outstanding contributors to

the review process is the same factor that encourages

interaction with companies exploring pain-mitigation

products. Individuals with fewer connections may have

fewer conflicts of interest but also be less knowledgeable.

This in turn could have resulted in less skill and

knowledge to prepare the comprehensive review proto-

col that required little modification after being adopted –

a key tool for preventing bias in the systematic review. As

a safeguard against bias, the protocol was also submitted
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for external review to welfare and pain management

experts in North America, Europe, and Australasia.

Furthermore, the review team responsible for screening

for relevance and extracting the data were not involved in

welfare research prior to this review and are not affiliated

with companies that produce pain-mitigation products.

These extracted data were submitted for external valida-

tion to welfare and pain management experts in North

America, Europe, and Australasia. Duplicate processes

were used where possible and the search for relevant

studies was, in our opinion, extensive.

Study-level limitations
The following limitations that prevented us from fully

achieving our goals: (1) the scope of procedures studies

and (2) the comprehensiveness of reporting of study

features.

The scope of procedures studied
There was a lack of studies that assess the efficacy of pain

mitigation strategies on castration, tail docking, ear

notching, and teeth clipping. The data in Table 3 show

that the later three procedures are rarely the subject of

published studies.

The approach to reporting study features

The approach to reporting design features that would

enable us to assess bias further prevented us for some

topics drawing any conclusions, as the uncertainty was so

great. Knowledge of bias is important for interpretation of

the results of studies. The design features we wanted to

assess were approaches to reducing selection bias with

randomization to group. We also wanted to assess

approaches to reducing differential misinformation bias.

Differential misinformation bias can occur in all

outcomes, even physiological outcomes such as blood

cortisol, so the assessment of all outcomes should be

blinded. It is the potential for mismeasurement that does

differ between outcomes. Frequently, outcomes obtained

by human measurement are considered to have a greater

potential for measurement bias. For example, potential

measurement bias occurs when heart rate is counted via

stethoscope compared to heart rate measured by electro-

cardiography (ECG), or when vocalisations are counted

by observers compared with sound-recording equipment

because of the potential for human error. A promising

pain-related behavioral outcome for castration may be

rear end movements, such as easing of the quarters and

tail wagging. However, although this outcome is quantifi-

able, like any diagnostic test, the sensitivity and specificity

may be imperfect. If sensitivity and specificity differ

across the treatment groups, then the observed effect

may differ from the true effect. For this reason, it is critical

that researchers report all efforts taken to ensure that

non-differential mismeasurement of the outcome does

not occur. For example, it is common to report that

behavioral data was collected by trained observers, but

details about how the observers were trained and

measures of intra- and inter-observer reliability are rarely

reported.

Outcome-level limitations

The outcome reported

Many outcomes that our experts considered important

enough to request be extracted were frequently not

reported, and these suggest gaps in the knowledge base

(Table 5). Relevant to the review, an ideal outcome

variable should be either present or elevated when piglets

receive a painful procedure and either remain unchanged

or be absent when they do not. There was also an

assumption that these pain outcomes would be reduced

or absent if a procedure is performed when analgesia or

anesthesia is provided. There can be confounding

between responses to stressful and painful events in

terms of some aspects of behavior, but this issue is

particularly problematic for physiological and biochem-

ical parameters, such as cortisol or heart rate, that are

associated with general stress responses and/or inflam-

matory responses. Experimental designs involving cogni-

tive responses, such as preference or avoidance testing,

provide opportunity to empirically ‘ask’ animals about

their pain perception versus biological responses

(Danbury et al., 2000), but these have not been used to

explore pain in piglets. In the absence of fundamental

science informing us about the sensitivity and specificity

of neurophysiological, endocrine, or behavioral outcomes

associated with pain, we are restricted in our ability to

compile a reliable database of the efficacy and reliability

of pain-mitigating interventions.

Furthermore, the approach to reporting outcomes often

limited our ability to summarize the data. For many

outcomes there was incomplete reporting of important

summary measures (i.e. mean, SD, or SE). An example of

a major impact of this was for the intervention local

anesthesia. Although numerous studies reported numer-

ous outcomes reported this intervention, the only

outcome where data from multiple studies could be

extracted was vocalisations. However, from the 14 studies

that reported vocalisations for local anesthetics, it was

only possible to extract measures of variation from five

(36%) (Table 6). Even within these studies it was not

possible to quantitatively combine the data because of the

different outcomes used. For example, Courboulay et al.

(2010) used a sonometer to record the ‘intensity of cries,’

whereas Cordeiro et al. (2012) used a microphone with

digital software to record the maximum amplitude of a

call. Both outcomes shared the same units (dB); however,

the latter was reported as a negative value. Rittershaus

et al. (2009) reported an increase in sounds per second,

while Kluivers-Poodt et al. (2012) reported the number of

calls per second. Therefore, even when authors reported

measures, quantitative synthesis approaches were not

suited for evaluating outcomes with such heterogeneity.
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Conclusions

Given the above caveats, we reached the following

conclusions using the 52 studies from our evidence

synthesis. CO2/O2 anesthesia and the NSAIDs meloxicam,

ketoprofen, and flunixin meglumine may be useful in

mitigating pain 1 to 24 h after castration based on cortisol

levels. It was not possible, using our approach to research

synthesis, to reach a conclusion about the magnitude of

the efficacy of local anesthetics or other approaches to

general anesthesia. Our conclusion about CO2/O2

anesthesia and the NSAIDs meloxicam, ketoprofen, and

flunixin are based on a handful of studies with design

and reporting insufficiencies that could potentially

indicate confounding and misclassification bias. Substan-

tial opportunities exist to improve research in the area

of pain mitigation in the swine neonate undergoing

routine procedures in the areas of study design, the use of

validated equipment and assays, and descriptive statistics.

For pain-related behavioral outcomes, we suggest using

complete ethograms that describe the behaviors/motor

patterns, details of how individual pigs are identified, the

sampling procedures over time (e.g. scans or continuous),

type of equipment used for behavioral observation

(live versus digital), and descriptive information such as

states or events. For vocalisations outcomes we propose

improved reporting of measures of variation and informa-

tion about the a priori hypothesized direction of effect.

These improved approaches should be utilized when

performing research and evaluating outcomes across

interventions.
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