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Simple Summary: Disbudding is a routine husbandry procedure performed in goat kids in their first
few weeks of life. Behavioural and physiological changes following the procedure suggest significant
pain and distress to the goat kid, which is a welfare concern. Pain assessment is fundamental to im-
plementation of effective pain treatment and/or management protocols. This review provides details
on pain assessment methods in goat kids following different methods of disbudding. Commonly
used pain assessment methods in other young farm animals were also included.

Abstract: Farm animals are routinely subjected to painful husbandry procedures for various purposes.
Goat kids are disbudded to improve goat welfare and to ensure safety of other livestock, farm
personnel, attending veterinarians and for various other production and managemental procedures.
Disbudding is commonly performed on dairy goat farms, in kids under 3 weeks of age. Many scientific
studies reported physiological and behavioural changes indicating pain and distress following
disbudding, and this can be a significant cause of welfare compromise in goat kids. Recognition
and measurement of pain is important to treat and/or manage pain and distress following painful
procedures. This review focuses on pain assessment in goat kids following disbudding, using both
physiological and behavioural measures. As only a limited information is available on the topic of
interest, relevant studies in other young farm animals have also been discussed to compare the status
quo in goat kids.
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1. Introduction

Farm animals are routinely subjected to painful husbandry procedures for various
purposes. Goat kids are disbudded to reduce injury to other goats in the flock, farm
personnel, and attending veterinarians. Hornless goats are also less likely to get their heads
entangled in equipment such as milking machines. Disbudding is commonly performed
on dairy goat farms, in kids under 3 weeks of age. Many scientific studies reported
physiological and behavioural changes indicating pain and distress following disbudding,
and this can be a significant cause of welfare compromise in goat kids. Accurate recognition
and assessment of pain is important to implement correct treatments at appropriate doses
and intervals to ensure animal wellbeing [1]. The ability to report one’s own experience
of pain and its intensity helps in developing effective management strategies in humans.
Pain assessment in pre-verbal infants, people with cognitive impairment and animals is
often challenging. In most instances, pain is assessed based on observation of animal’s
behaviour [1]. Although this approach is useful in clinical situations, it can be difficult to
assess subtle signs of pain in prey animals, such as sheep and goat, that do not manifest
overt signs of pain [2].

Physiological and behavioural measures that are likely to indicate pain and/or no-
ciception and related distress have been developed and used for assessment of pain and
the efficacy of analgesic strategies in animal studies. The main aim of this review is to
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describe the methods of pain assessment in goat kids following husbandry procedures such
as disbudding. Commonly used pain assessment methods in other young farm animals
was also included, as little information is available in goat kids compared to calves, lambs,
and piglets.

2. Physiological Measures
2.1. Plasma Cortisol, Glucose and Lactate

The physiological variable that has been historically studied to assess the pain related
distress following routine husbandry procedures is the total plasma cortisol [3]. Cortisol
is a hormone, which is released in high concentrations into circulation after activation of
hypothalamo-pituitary- adrenal (HPA) axis in response to stressful conditions including
pain [4]. It thus gives an indication of distress, rather than pain directly. Increases in plasma
cortisol concentrations following disbudding and other painful husbandry procedures
such as castration and tail docking, and its alleviation by analgesic administration has
commonly been used to assess pain in calves, lambs, and goat kids [5-7]. The degree of
plasma cortisol response was also used to compare the pain intensity between different
methods of goat kid disbudding [8]. Disbudding of kids with liquid nitrogen or caustic
paste has been found to cause more severe changes in cortisol, indicating intense acute
distress, and possibly pain, compared to cautery disbudding [8].

To measure plasma cortisol, blood samples are commonly collected from the jugular
veins and cortisol concentrations are measured using different assay techniques, including
the enzyme-linked immunosorbent assay and radioimmunoassay [5]. Although many
studies have used plasma cortisol for the assessment of pain induced distress, there are
some caveats to this method. Plasma cortisol levels were also influenced by diurnal
rhythms [9] and stressors that are not associated with pain such as animal handling [10],
feeding [11], and sexual excitement [12]. Trends in plasma cortisol concentrations measured
from blood samples collected before and at multiple time points after a specific procedure
would give a more reliable estimate of the stress associated with pain following a noxious
procedure in production animals (although blood sampling will increase plasma cortisol).
In analgesia studies, comparing the cortisol levels between sham-handled and treatment
groups, and correlating cortisol response with other pain assessment measures such as
pain behaviours, would make plasma cortisol evaluations a more valid way to estimate
the efficacy of analgesic drugs [13]. It should be noted that some drugs which are used
as analgesics in ruminants, such as alpha 2 adrenergic agonists, probably have a direct
depressant effect on the adrenal glands in goats, as they do in pigs [14].

Plasma metabolites, such as glucose and lactate, were measured in conjunction with
plasma cortisol following disbudding of goat kids [8,15]. These blood constituents were
measured based on the hypothesis that increased secretion of cortisol in response to pain
induced distress stimulates mobilization of glycogen, which results in increased production
of glucose and lactate [16]. None of the studies found significant changes in plasma
lactate and glucose despite a significant elevation of plasma cortisol after disbudding. The
researchers opined that these two metabolites are not as useful as plasma cortisol responses
to acute pain associated with disbudding.

2.2. Autonomic Responses

Other physiological measures resulting from the activation of sympathetic nervous
outflow in response to noxious stimulation, such as heart rate, respiratory rate, blood pres-
sure and body temperature can be monitored to assess pain following disbudding in goat
kids [6]. Although changes in these variables are influenced by the type of noxious stimulus
based on the method of husbandry procedure; in general, animals in pain often have an
increase in these variables [17,18]. A major limitation to the use of the sympathetically
driven variables, similar to cortisol, is that changes are not necessarily specific to pain [19],
and are usually limited to acute pain responses and hence less useful for the assessment of
longer lasting pain. Also, changes in these autonomic variables have poor correlation with
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pain perception as these are modulated by centres of the brain stem below the level of the
higher centres involved in cognitive pain perception [1].

2.3. Electroencephalography (EEG)

The EEG is a record of the spontaneous electrical activity of the cerebral cortex. It is an
objective tool for assessment of neural (sensory) processing of noxious stimuli, which is
known as nociception. EEG provides a direct and quick profile of cortical neuronal activity
in response to noxious stimulation in animals. The characteristic configuration of neurones
(particularly pyramidal type) in the layers of the cerebral cortex leads to formation of
electrical vectors that facilitates transmission of electrical currents. The EEG is the far-field
potential (electrical field created by inherent neuronal activity and recorded away from
them) of the vector currents recorded using electrodes on the surface of the head [20]. Fast
Fourier transformation, a mathematical procedure, converts the raw EEG signal into its
component sine waves of different frequency, characterized by corresponding amplitude.
Thus, the power spectrum generated is simply a distribution and derivation of spectral
EEG variables from the corresponding frequencies and amplitudes [20]. There are also
a number of other proprietary methods of analysing raw EEG data, which are used in
instruments designed for people.

Changes in the EEG power spectrum have been used for the quantification of nocicep-
tion in minimally anaesthetised red-deer, lambs, and calves following noxious procedures
such as velvet antler removal, castration, and slaughter through a ventral neck-cut, respec-
tively [21-23]. Changes in frequency spectra of EEG in lightly anaesthetized animals (with
halothane, which is minimally analgesic) reflect changes in activity of cerebral cortex in
response to pain perception [22,23]. This concept is further supported by studies in goats
that did not find a difference in EEG spectral frequencies between conscious animals and
those that were lightly anaesthetised during slaughter [24]. Advantages of the minimal
anaesthesia model developed for recording EEG for quantification of pain in animals in-
clude the minimization of the impact on the EEG of extraneous electrical activity (such as
from muscles) and loss of conscious pain perception by study animals, thereby reducing
suffering from pain during noxious stimulation [20].

In goats, EEG power spectra have been used to delineate loss of awareness from
cognitive perception of pain following the application of various techniques for euthanasia
and pre-slaughter stunning [25]. Also, there have been studies that described the EEG
frequency band analysis to find the effect of pre-slaughter stress, experimental pain and
ontological changes in brain activity in goats [26-28]. So far, no studies are available on
the use of EEG spectral frequency changes to quantify pain associated with husbandry
procedures such as disbudding/dehorning in goats.

Although an electroencephalogram can non-invasively capture the sensory neuronal
processing of noxious stimuli and indirectly reflect cortical pain perception, it may not
represent the motivational states such as aversiveness, fear and anxiety associated with
pain perception, all of which are subjective experiences. Another limitation to the use of
the EEG is that it can only be used for acute pain assessment, as an animal can be kept
minimally anaesthetized for only a limited amount of time. A combined approach such as
concurrent evaluation of cognitive pain perception manifested by behavioural changes will
be more reliable for pain assessment using EEG in farm animals.

2.4. Mechanical Nociceptive Threshold Testing

Mechanical stimuli, such as pressure, are usually applied to the skin, and can be used
to produce quantifiable nociception or pain in farm animals, including goats. The degree of
mechanical pressure that an animal can tolerate before showing an avoidance (behavioural)
response or withdrawal reflex is defined as a mechanical nociceptive (pressure) threshold
of that animal [29,30]. Mechanical stimuli are used to induce experimental pain to test or
compare analgesics in normal animals. In animals subjected to noxious procedures, these
stimuli are used to test the pain sensitivity at the site of tissue damage (wound site) and/or



Animals 2023, 13, 3814

40f 10

areas surrounding the wound. A variety of commercial, hand-held algometers are available
(e.g., Force one FDIX 50, Wagner Instruments, Riverside, CT, USA; ProdPlus algometer,
TopCat Metrology Ltd., Ely, UK), which are validated for use in various farm animal species,
including goats [18,31,32]. Mechanical stimulation of the wound area (injured tissue at
the disbudded area) can also be performed to test the tactile sensitivity, using von Frey
filaments [31,33,34]. Wounds remained sensitive to tactile stimuli for at least 75 h after
disbudding in calves [33].

Mechanical nociceptive thresholds are usually measured in Newtons (N) or Kilogram
Force (Kgf). Force is applied perpendicular to the skin surface at a constant rate and in
gradual increments to avoid a sudden, jerky increase in readings without corresponding
attainment of threshold manifested by signs of discomfort specific to the species being
tested. Head withdrawal with a specific ear flick has been noted as the end response by
goat kids being tested at the disbudded site [30,34]. To attain a good correlation between
threshold values and the amount of pressure applied, selecting an algometer probe that
matches the size of the animal is also important. A round rubber tip probe of 1 cm? has
been used on a Force One Wagner algometer [30], and a 2 mm diameter metal probe has
been used on a ProdPlus algometer in disbudded goat kids [32,34]. Also, other factors
such as age and body weight of the animal should be considered while testing nociceptive
thresholds for a study in piglets; age and body weight were demonstrated to affect the
pressure threshold testing responses [35]. In goat kids, pressure algometry has been used to
compare the pain sensitivity between three different methods of disbudding, and cautery
disbudding was found to cause less acute pain hypersensitivity than the caustic paste and
cryosurgery methods [30]. In other studies, it was used to find the welfare benefits of
alternative methods of disbudding [34] and the duration of wound hypersensitivity after
hot-iron disbudding in goat kids [32]. In the study by Frahm et al. [34] development of
acute mechanical hypersensitivity around the horn buds following the injection of clove
oil or isoeugenol has been reported [34]. Tissue irritation by the injected substances was
suggested as the potential cause of heightened pain sensitivity and, therefore, the welfare
benefits of the method over hot-iron disbudding are questionable. Persistent mechanical
hypersensitivity throughout the wound healing period (average 7-weeks) has been reported
by Alvarez et al. [32].

Animal handling prior to the application of the stimulus has the potential to influence
the threshold readings. A good human-animal relationship, prior habituation of the animal
to the device, and testing in home pens close to dam/other pen mates can minimize the
confounding effect of handling stress on threshold measurements [34].

Other types of nociceptive stimuli that have been used to test the effect of local
anaesthetic (LA) administration prior to goat kid disbudding were pin pricks [36]. The
observer gently pricked the skin around the horn buds with a needle point at approximately
30 s to 1 min interval until no response is observed to confirm analgesia after infiltration
with LA. This qualitative analgesia testing method is rapid and practical to use in field
conditions, and reliable to assess the onset of analgesia prior to disbudding.

In summary, all the devices and methods developed to test the mechanical nociceptive
thresholds of farm animals let us assess the level of pain hypersensitivity, efficacy of
analgesics and/or analgesic approaches, and development of ‘plasticity” in the nervous
system, following noxious husbandry procedures in field conditions.

2.5. Infra-Red Thermography

Infra-red thermography (IRT) is a non-invasive method of recording infrared radiation
emitted by bodies, i.e., heat [37]. It can measure changes in surface temperature due to
activation of autonomic nervous system in response to stress. A stress-induced secretion
of catecholamines causes an increase in internal body temperature called stress induced
hyperthermia, and also causes a reduction in blood flow in the skin around eyes. A drop
in eye temperature, assessed using IRT, has been reported to be associated with the onset
of acute pain in calves following hot-iron dehorning [38,39]. Sympathetically mediated
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vasoconstriction in response to acute pain has been proposed to be the cause of the drop in
eye temperature. The IRT recording can be taken at a distance from the animal without a
need to contact/restrain the animal. This overcomes the effect of animal handling stress on
actual data, which is the drawback associated with the measurement of other physiological
(and autonomic) variables in response to stress and pain [38] Care must be taken that the
hair coat must be free of dirt, grease and foreign material while obtaining IRT images of the
area of interest [39].

A study in disbudded goat kids used IRT to take the images of the horn bud (~3 cm
diameter around horn bud), and surface skin temperature was calculated from a ~2 cm
diameter area around the horn buds [8]. Disbudded goat kids were found to have a
higher skin surface temperature around the horn buds than sham kids. Another study
has used IRT to assess the wound inflammation and surface temperature during healing
after cautery disbudding of goat kids [32], and reported that the necrotic tissue formed
during the inflammatory phase was hotter than epithelium. Studies are required to find the
use of the IRT to evaluate the effect of analgesic agents and strategies after disbudding in
goat kids.

2.6. Biomarkers

Immunological, inflammatory and pain biomarkers were measured in tissues and
body fluids of young farm animals following husbandry procedures [31,40-42]. Acute
phase inflammatory proteins such as haptoglobins were measured in goat kids disbudded
using different methods [8]. Clove oil injection under the horn bud caused a significant
increase in serum haptoglobin concentrations 24 h after treatment, which indicates marked
inflammation associated with the method of disbudding [8]. Measurement of immunoreac-
tive proteins such as 3-endorphin concentration in the blood plasma has been shown to be
a useful method of acute pain assessment following hot-iron disbudding of goat kids [43].
With the advent of new molecular biological techniques in animals, it has been possible to
demonstrate the efficacy of non-steroidal anti-inflammatory drugs in suppressing the ex-
pression of mRNA (in peripheral leucocytes of a blood sample) for inflammatory cytokine
and nociceptive marker genes in calves disbudded by thermocautery [42]. More advanced
techniques such as plasma proteome analysis allowed identification of candidate protein
biomarkers that are associated with nociceptive and inflammatory processes following
surgical dehorning of calves [44]. Biomarkers such as these may be useful in the future
to assess various methods of pain mitigation for husbandry procedures in farm animals
including goats.

3. Behavioural Measures

Changes in normal behaviour are commonly observed in animals in response to
painful stimuli. Hence, monitoring normal behavioural patterns and deviations from
these is a significant component of pain assessment in animals [45]. Species-specific
behavioural changes that can be identified and quantified have been used to evaluate
pain and analgesia in goat kids, lambs, piglets, and calves following routine husbandry
procedures [4,6,46]. A person assessing pain behaviours, either directly from an animal or
indirectly from video recordings, should be familiar with the animal’s normal behavioural
patterns, have adequate training and experience in recognition of changes in normal
behaviours in response to noxious procedures [47,48].

A multitude of factors including severity of insult to the tissues and neuronal pathways
influence the manifestation of pain behaviours by animals. Age, previous pain experience,
social hierarchy in the herd, human presence, environmental conditions are among the
others [49]. In young farm animals such as goat kids, lambs and calves, a significant
alteration in their normal behaviour, body posture, locomotor activity, orientation toward
dam, and response to manipulations have been used as a basic template for the behavioural
assessment of pain and analgesia following husbandry procedures, including disbudding.
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There appears to be two phases to goat kids” behaviour in response to hot iron
disbudding—acute avoidance type behaviours in responses to application of the iron
and abnormal behaviour in the subsequent hours. Behavioural indicators of acute stress
and pain during cautery disbudding in goat kids have been first reported by Alvarez
et al. [6] Struggles (kicks), such as a vigorous movement of the legs and attempts to escape,
and vocalisations in the form of bleats with an open or closed mouth were reported. A
change in the frequency of behaviours along with plasma cortisol levels was used to find
the effect of analgesic treatment on disbudding pain [7].

In a sham controlled trial, Hempstead et al. [50] recorded behavioural changes associ-
ated with cautery disbudding of female Saanen dairy goat kids. Video recordings of pre-
and post-treatment behaviours were analysed by a trained and an experienced observer
to build an ethogram of behaviour patterns. Although the frequency of 11 behaviours in
the ethogram was chosen to study, individual behaviours such as head shaking, rubbing,
scratching, and body shaking were significantly different between treated and control
kids. Due to a large inter-individual variation, self-grooming behaviour did not reach
statistical significance despite an apparent increase in its frequency in the disbudded group.
Individual variation in a behavioural response, within the same species, to a noxious
procedure is one important confounding factor in pain assessment studies. This could
be due to differences in pain perception and expression between individual animals [51].
The following table (Table 1) provides an overview of behavioural changes in goat kids
following different methods of disbudding.

Table 1. Individual behaviours and ethograms described in various studies investigating pain and
pain mitigation strategies in disbudded goat kids.

Title of the Study

Behavioural Indicators Used

Other Variables Measured

Physiological and behavioural alterations
in disbudded goat kids with and without
local anaesthesia [6].

Struggles and vocalisations

Plasma cortisol, Heart rate and
respiratory rate pre- and post (up to 4 h)
disbudding

Evaluation of alternatives to cautery
disbudding of dairy goat kids using
behavioural measures of
post-treatment pain [52].

Head and body shaking, head scratching,
feeding and self-grooming noted from
video recordings 24 h pre- and
post-disbudding

Accelerometery measures such as lying
bouts and duration recorded 24 h pre-
and post-disbudding

Effect of isoflurane alone or in
combination with meloxicam on the
behavior and physiology of goat kids
following cautery disbudding [53].

Plasma cortisol, glucose and lactate
measured pre- and post (up to 120 min)
disbudding

Acute cortisol and behavior of dairy goat
kids administered local anesthesia,
topical anesthesia or systemic analgesia
prior to cautery disbudding [54].

Rump movements, tail shakes and
vocalisations recorded during
disbudding

Plasma cortisol levels measured pre- and
post-disbudding

Can Isoflurane and Meloxicam Mitigate
Pain Associated with Cautery
Disbudding of 3-Week-Old
Goat Kids? [15]

Head and body shaking, head scratching,
feeding and self-grooming noted from
video recordings 1 h pre- and
post-disbudding

Plasma cortisol, glucose and lactate
measured pre- and post (up to 120 min)
disbudding

Evaluation of Pain Mitigation Strategies
in Goat Kids
after Cautery Disbudding [55]

State events (head scratching,
self-grooming, allogrooming,
feeding/drinking, exploration, standing,
lying, social play, etc.) and point events
(vocalisation, shaking, tail movements,
stretching, etc.) in an ethogram built
using BORIS * software
(https:/ /www.boris.unito.it/ accessed on
1 May 2023) from a 3 h video recording
after disbudding.

* BORIS; Behavioural Observation Research Interactive Software.
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In addition to the assessment of frequency of specific behaviours, some studies used
a visual analogue scale (from 1-10) to score pain behaviours to evaluate the efficacy of
anaesthetic and analgesic treatments administered to goat kids [56,57]. A summary of the
pain behaviours was used to assign a score from the scale. Also, a vocalisation score, which
is the total number of vocalizations during the disbudding procedure for both horn buds,
was used to compare the alternative methods to cautery disbudding [58].

From these studies in goat kids, it is evident that disbudding induces specific changes
in behaviour, which include increased frequency of struggles, vocalisations, head shak-
ing, scratching, and rubbing, body and tail shaking, lying bouts and duration. Changes
in these behaviours have been used to evaluate relative noxiousness of different (alter-
native) methods of disbudding and efficacy of anaesthetic and analgesic protocols in
various studies.

Facial Grimace Scale

Due to the limitations of behavioural methods (such as laborious and time-consuming
video and audio recording and analyses and the need for specialised equipment), and phys-
iological measures (such as expensive laboratory analytical procedures), Lou et al. (2020)
developed a goat kid grimace scale for pain assessment following thermal disbudding [59].
It is a pain assessment method that enables instantaneous identification and assessment of
changes in facial expression after a noxious procedure [60]. The basic template for the scale
has been drawn from sheep and lamb grimace scales [61,62] and adapted for a goat face.
Orbital and lip tightening, nostril dilatation and change in ear position have been scored on
a 3-point scale (0 = Not Present, 1 = Moderately Present, and 2 = Obviously Present), from
photographic images, to find the effect of analgesic administration and thermal disbudding
in goat kids. Orbital tightening and ear position scores were found to be more reliable
indicators of treatment effects than lip tightening and nostril dilation. More research needs
to be conducted to further explore the validity of this facial grimace scale in goat kids.

4. Conclusions

Both the behavioural and physiological systems are involved in the response to stress
and pain, and in majority of research studies, a combination of both methods is used in
pain assessment. Individual behaviours or an ethogram in conjunction with plasma cortisol
measurement has been the basic pain assessment paradigm in a large number of goat
disbudding studies. Some studies used other physiological methods such as mechanical
nociceptive threshold testing, infrared thermography and plasma inflammatory marker
analyses, heart rate and body temperature changes, and body weight gains, etc. Only
one study used a facial grimace scale in combination with plasma cortisol evaluations in
disbudded goat kids. Using a combination of pain assessment methods allows to offset
some of the disadvantages associated with each technique and to gain as much accurate
and comprehensive information as possible from an experimental study [63]. In clinical
practice, a combination of pin prick testing for analgesia before disbudding and behavioural
assessment afterwards is probably most practical.

Author Contributions: Conceptualisation, K.K.; writing—original draft preparation, K.K.; writing—
review and editing, KK., P.S., D.V. and J.P.C. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data is contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.



Animals 2023, 13, 3814 8 of 10

References

1.  Holton, L.L.; Scott, E.M.; Nolan, A.M.; Reid, J.; Welsh, E. Relationship between physiological factors and clinical pain in dogs
scored using a numerical rating scale. J. Small Anim. Pract. 1998, 39, 469-474. [CrossRef]

2. Matthews, J.; Dustan, B. Disbudding of goat kids. Practice 2019, 41, 433—444. [CrossRef]

3. Mellor, D.J.; Stafford, K.J. Acute castration and tailing distress and its alleviation in lambs. N. Z. Vet. . 2000, 48, 33—43. [CrossRef]
[PubMed]

4. Molony, V.J.; Kent, E. Assessment of acute pain in farm animals using behavioral and physiological measurements. J. Anim. Sci.
1997, 75, 266-272. [CrossRef] [PubMed]

5. Sutherland, M.A.; Tucker, C. The long and short of it; A review of tail docking in farm animals. Appl. Anim. Behav. Sci. 2011, 135,
179-191. [CrossRef]

6. Alvarez, L.; Nava, R.A.; Ramirez, A.; Ramirez, E.; Gutierrez, J. Physiological and behavioural alterations in disbudded goat kids
with and without local anaesthesia. Appl. Anim. Behav. Sci. 2009, 117, 190-196. [CrossRef]

7.  Alvarez, L.; Gutierrez, J. A first description of the physiological and behavioural responses to disbudding in goat kids. Anim.
Welf. 2010, 19, 55-59. [CrossRef]

8. Hempstead, M.N.; Waas, J.R; Stewart, M.; Cave, V.M.; Sutherland, M.A. Evaluation of alternatives to cautery disbudding of
dairy goat kids using physiological measures of immediate and longer-term pain. J. Dairy Sci. 2018, 101, 5374-5387. [CrossRef]
[PubMed]

9.  Andersson, H,; Lillipers, K.; Rydhmer, L.; Forsberg, M. Influence of light environment and photoperiod on plasma melatonin
and cortisol profiles in young domestic boars, comparing two commercial melatonin assays. Domest. Anim. Endocrinol. 2000, 19,
261-274. [CrossRef]

10. Weary, D.M.; Niel, L.; Flower, F.C.; Fraser, D. Identifying and preventing pain in animals. Appl. Anim. Behav. Sci. 2006, 100, 64-76.
[CrossRef]

11.  Eriksson, L.; Terdvdinen, T.L. Circadian rhythm of plasma cortisol and blood glucose in goats. Aust. J. Appl. Sci. 1989, 2, 202-203.
[CrossRef]

12.  Colborn, D.R,; Thompson, D.L.; Roth, T.L.; Capehart, ].S.; White, K.L. Responses of cortisol and prolactin to sexual excitement
and stress in stallions and geldings. J. Anim. Sci. 1991, 69, 2556-2562. [CrossRef] [PubMed]

13. Tschoner, T. Methods for Pain Assessment in Calves and Their Use for the Evaluation of Pain during Different Procedures—A
Review. Animals 2021, 11, 1235. [CrossRef] [PubMed]

14. Jager, L.P; De Graaf, G.J.; Widjaja-Greefkes, H. Effects of atipamezole, detomidine and medetomidine on release of steroid
hormones by porcine adrenocortical cells in vitro. Eur. . Pharmacol. 1998, 346, 71-76. [CrossRef] [PubMed]

15. Hempstead, M.N.; Waas, ].R.; Stewart, M.; Cave, V.M.; Sutherland, M.A. Can Isoflurane and Meloxicam Mitigate Pain Associated
with Cautery Disbudding of 3-Week-Old Goat Kids? Animals 2020, 10, 878. [CrossRef]

16. Prunier, A.; Mounier, A.M.; Hay, M. Effects of castration, tooth resection, or tail docking on plasma metabolites and stress
hormones in young pigs. J. Anim. Sci. 2005, 83, 216-222. [CrossRef] [PubMed]

17.  Stubsjoen, S.M.; Flo, A.S.; Moe, R.O.; Janczak, A.M.; Skjerve, E.; Valle, P.S.; Zanella, A.J. Exploring non-invasive methods to assess
pain in sheep. Physiol. Behav. 2009, 98, 640-648. [CrossRef] [PubMed]

18. Stubsjoen, S.M.; Bohlin, J.; Skjerve, E.; Valle, PS.; Zanella, A.J. Applying fractal analysis to heart rate time series of sheep
experiencing pain. Physiol. Behav. 2010, 101, 74-80. [CrossRef]

19. Peers, A.; Mellor, D.J.; Wintour, E.M.; Dodic, M. Blood pressure, heart rate, hormonal and other acute responses to rubber-ring
castration and tail docking of lambs. N. Z. Vet. ]. 2002, 50, 56-62. [CrossRef]

20. Murrell, J.; Johnson, C.B. Neurophysiological techniques to assess pain in animals. J. Vet. Pharm. Ther. 2006, 295, 325-335.
[CrossRef]

21. Gibson, T.J.; Johnson, C.B.; Murrell, J.C.; Hulls, C.M.; Mitchinson, S.L.; Stafford, K.J.; Johnstone, A.C.; Mellor, D.]. Electroen-
cephalographic responses of halothane-anaesthetised calves to slaughter by ventral-neck incision without prior stunning. N. Z.
Vet. J. 2009, 57, 77-83. [CrossRef] [PubMed]

22.  Johnson, C.B.; Woodbury, W.M.; Caulkett, N.; Wilson, P. Comparison of lidocaine and antler pedicle compression for analgesia
during antler removal in red deer (Cervus elaphus) anaesthetised by halothane in oxygen: EEG effects. Vet. Anaesth. Analg. 2005,
32,16-71. [CrossRef] [PubMed]

23. Johnson, C.B,; Stafford, K.J.; Sylvester, S.P.; Ward, R.N.; Mitchinson, S.; Mellor, D.J. Effects of age on the electroencephalographic
response to castration in lambs anaesthetised using halothane in oxygen. N. Z. Vet. ]. 2005, 53, 433-437. [CrossRef]

24. Sabow, A.B.; Goh, YM.; Zulkifli, I.; Sazili, A.Q.; Kadir, M.Z.A.A,; Kaka, U.; Khadijah, N.; Adeyemi, K.D.; Ebrahimi, M.
Electroencephalographic responses to neck cut and exsanguination in minimally anaesthetized goats. S. Afr. J. Anim. Sci. 2017, 47,
34-40. [CrossRef]

25. Sutherland, M.A.; Watson, T.J.; Johnson, C.B.; Millman, S.T. Evaluation of the efficacy of a non-penetrating captive bolt to
euthanase neonatal goats up to 48 hours of age. Anim. Welf. 2016, 25, 471-479. [CrossRef]

26. Raghazli, R.; Othman, A.H.; Kaka, U.; Abubakar, A.A.; Imlan, J].C.; Hamzah, H.; Sazili, A.Q.; Goh, Y.M. Physiological and

electroencephalogram responses in goats subjected to pre-and during slaughter stress. Saudi J. Biol. Sci. 2021, 28, 6396-6407.
[CrossRef] [PubMed]


https://doi.org/10.1111/j.1748-5827.1998.tb03681.x
https://doi.org/10.1136/inp.l6028
https://doi.org/10.1080/00480169.2000.36156
https://www.ncbi.nlm.nih.gov/pubmed/16032116
https://doi.org/10.2527/1997.751266x
https://www.ncbi.nlm.nih.gov/pubmed/9027575
https://doi.org/10.1016/j.applanim.2011.10.015
https://doi.org/10.1016/j.applanim.2009.01.001
https://doi.org/10.1017/S0962728600001160
https://doi.org/10.3168/jds.2017-13814
https://www.ncbi.nlm.nih.gov/pubmed/29573796
https://doi.org/10.1016/S0739-7240(00)00083-7
https://doi.org/10.1016/j.applanim.2006.04.013
https://doi.org/10.5713/ajas.1989.202
https://doi.org/10.2527/1991.6962556x
https://www.ncbi.nlm.nih.gov/pubmed/1885370
https://doi.org/10.3390/ani11051235
https://www.ncbi.nlm.nih.gov/pubmed/33922942
https://doi.org/10.1016/S0014-2999(98)00044-2
https://www.ncbi.nlm.nih.gov/pubmed/9617754
https://doi.org/10.3390/ani10050878
https://doi.org/10.2527/2005.831216x
https://www.ncbi.nlm.nih.gov/pubmed/15583062
https://doi.org/10.1016/j.physbeh.2009.09.019
https://www.ncbi.nlm.nih.gov/pubmed/19833144
https://doi.org/10.1016/j.physbeh.2010.04.018
https://doi.org/10.1080/00480169.2002.36251
https://doi.org/10.1111/j.1365-2885.2006.00758.x
https://doi.org/10.1080/00480169.2009.36882
https://www.ncbi.nlm.nih.gov/pubmed/19471325
https://doi.org/10.1111/j.1467-2995.2005.00228.x
https://www.ncbi.nlm.nih.gov/pubmed/15762911
https://doi.org/10.1080/00480169.2005.36589
https://doi.org/10.4314/sajas.v47i1.6
https://doi.org/10.7120/09627286.25.4.471
https://doi.org/10.1016/j.sjbs.2021.07.013
https://www.ncbi.nlm.nih.gov/pubmed/34764757

Animals 2023, 13, 3814 90f 10

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.
50.

51.

52.

53.

Huozha, R.; Rastogi, S.K.; Korde, ].P.; Madan, A.K. Electroencephalographic changes during experimental pain induction in goats.
Vet. Arhiv. 2011, 81, 359-368.

Bergamasco, L.; Macchi, E.; Facello, C.; Badino, P.; Odore, R.; Re, G.; Osella, M.C. Electroencephalographic power spectral analysis
of growing goat kids (Capra hircus). Small Rumin. Res. 2006, 66, 265-272. [CrossRef]

MN Hempstead, M.N.; Stewart, M.; Waasb, J.R.; Sutherland, M.A. Effect of disbudding on pain sensitivity and weight-gain of
dairy goat kids. Proc. N. Z. Soc. Anim. Prod. 2017, 77, 159-160.

Hempstead, M.N.; Waas, J.R.; Stewart, M.; Zobel, G.; Cave, V.M.; Julian, A.F; Sutherland, M.A. Pain sensitivity and injury
associated with three methods of disbudding goat kids: Cautery, cryosurgical and caustic paste. Vet. . 2018, 239, 42—47. [CrossRef]
Mirra, A.; Spadavecchia, C.; Bruckmaier, R.; Gutzwiller, A.; Casoni, D. Acute pain and peripheral sensitization following cautery
disbudding in 1- and 4-week-old calves. Physiol. Behav. 2018, 184, 248-260. [CrossRef] [PubMed]

Alvarez, L.; Adcock, S.J.J.; Tucker, C.B. Sensitivity and wound healing after hot-iron disbudding in goat kids. J. Dairy Sci. 2019,
102, 10152-10162. [CrossRef] [PubMed]

Mintline, E.M.; Stewart, M.; Rogers, A.R.; Cox, N.R.; Verkerk, G.A ; Stookey, ] M.; Webster, ].R.; Tucker, C.B. Play behavior as an
indicator of animal welfare: Disbudding in dairy calves. Appl. Anim. Behav. Sci. 2013, 144, 22-30. [CrossRef]

Frahm, S.; Di Giminiani, P.; Stanitznig, A.; Schoiswohl, J. Nociceptive Threshold of Calves and Goat Kids Undergoing Injection of
Clove Oil or Isoeugenol for Disbudding. Animals 2020, 10, 1228. [CrossRef] [PubMed]

Janczak, A.M.; Ranheim, B.; Fosse, T.K.; Hild, S.; Nordgreen, J.; Moe, R.O.; Zanella, A.J. Factors affecting mechanical (nociceptive)
thresholds in piglets. Vet. Anaesth. Analg. 2012, 39, 628-635. [CrossRef] [PubMed]

Venkatachalam, D.; Chambers, ].P.; Kongara, K.; Ward, N.; Jacob, A.; Singh, P. Pharmacokinetics, efficacy, and convulsive dose of
articaine hydrochloride in goat kids. Vet. Anaesth. Analg. 2021, 48, 264-271. [CrossRef]

Travain, T.; Valsecchi, P. Infrared Thermography in the Study of Animals’ Emotional Responses: A Critical Review. Animals 2021,
11, 2510. [CrossRef]

Stewart, M.; Webster, ].R.; Schaefer, A.L.; Cook, N.J.; Scott, S.L. Infrared thermography as a non-invasive tool to study Animal
Welfare. Anim. Welf. 2005, 14, 319-325. [CrossRef]

Stewart, M.; Stafford, K.; Dowling, S.; Schaefer, A.; Webster, J. Eye temperature and heart rate variability of calves disbudded
with or without local anaesthetic. Physiol. Behav. 2008, 93, 789-797. [CrossRef]

Pang, W.Y.; Earley, B.; Murray, M.; Sweeney, T.; Gath, V.; Crowe, M. A. Banding or Burdizzo castration and carprofen administration
on peripheral leukocyte inflammatory cytokine transcripts. Res. Vet. Sci. 2011, 90, 127-132. [CrossRef]

Sandercock, D.A.; Barnett, M.W.; Coe, J.E.; Downing, A.C.; Nirmal, A.J.; Di Giminiani, P, Edwards, S.A.; Freeman, T.C.
Transcriptomics Analysis of Porcine Caudal Dorsal Root Ganglia in Tail Amputated Pigs Shows Long-Term Effects on Many
Pain-Associated Genes. Front. Vet. Sci. Sec. Anim. Behav. Welf. 2019, 6, 314. [CrossRef]

Kongara, K.; Dukkipati, V.S.R; Tai, H.M.; Heiser, A.; Murray, A.; Webster, J.; Johnson, C.B. Differential Transcription of Selected
Cytokine and Neuroactive Ligand-receptor Genes in Peripheral Leukocytes from Calves in Response to Cautery Disbudding.
Animals 2020, 10, 1187. [CrossRef]

Greenwood, P.L.; Shutt, D.A. Effects of management practices on cortisol, b-endorphin and behavior in young goats. Aust. Soc.
Anim. Prod. Adel. Aust. 1990, 18, 224-227.

Ghodasara, P,; Satake, N.; Sadowski, P.; Kopp, S.; Mills, P.C. Investigation of cattle plasma proteome in response to pain and
inflammation using next generation proteomics technique, SWATH-MS. Mol. Omics 2022, 18, 133-142. [CrossRef] [PubMed]
Morton, D.B.; Griffiths, PH. Guidelines on the recognition of pain, distress and discomfort in experimental animals and hypothesis
for assessment. Vet. Rec. 1985, 116, 431-436. [CrossRef] [PubMed]

Leslie, E.; Hernandez-Jover, M.; Newman, R.; Holyoake, P. Assessment of acute pain experienced by piglets from ear tagging, ear
notching and intraperitoneal injectable transponders. Appl. Anim. Behav. Sci. 2010, 127, 86-95. [CrossRef]

Sanford, J.; Ewbank, R.; Molony, V.; Tavenor, W.D.; Uvarov, O. Guidelines for the recognition and assessment of pain in animals.
Vet Rec. 1986, 118, 334-338.

Bufalari, A.; Adami, C.; Angeli, G.; Short, C.E. Pain Assessment in Animals. Vet. Res. Commun. 2007, 31 (Suppl. S1), 55-58.
[CrossRef] [PubMed]

Fitzpatrick, J.; Scott, M.; Nolan, A. Assessment of pain and welfare in sheep. Small Rumin. Res 2006, 62, 55-61. [CrossRef]
Hempstead, M.N.; Waas, J.R.; Stewart, M.; Cave, V.M.; Sutherland, M.A. Behavioural response of dairy goat kids to cautery
disbudding. Appl. Anim. Behav. Sci. 2017, 194, 42-47. [CrossRef]

Small, A.; Fisher, A.; Lee, C.; Colditz, I. Gap Evaluation of Pain Alleviation Research. Final Report to AWI. 2020. Available
online: Wool.com/globalassets/wool/sheep/research-publications/welfare/improved-pain-relief / project-final-report-on-gap-
evaluation-of-pain-alleviation.pdf (accessed on 1 May 2023).

Hempstead, M.N.; Waas, ].R.; Stewart, M.; Cave, V.M.; Sutherland, M. A. Evaluation of alternatives to cautery disbudding of dairy
goat kids using behavioural measures of post-treatment pain. Appl. Anim. Behav. Sci. 2018, 206, 32-38. [CrossRef]

Hempstead, M.N.; Waas, ].R.; Stewart, M.; Dowling, S.K.; Cave, VM.; Lowe, G.L.; Sutherland, M. A. Effect of isoflurane alone or
in combination with meloxicam on the behavior and physiology of goat kids following cautery disbudding. J. Dairy Sci. 2018,
101, 3193-3204. [CrossRef]


https://doi.org/10.1016/j.smallrumres.2005.08.025
https://doi.org/10.1016/j.tvjl.2018.08.004
https://doi.org/10.1016/j.physbeh.2017.11.031
https://www.ncbi.nlm.nih.gov/pubmed/29221809
https://doi.org/10.3168/jds.2018-16062
https://www.ncbi.nlm.nih.gov/pubmed/31477294
https://doi.org/10.1016/j.applanim.2012.12.008
https://doi.org/10.3390/ani10071228
https://www.ncbi.nlm.nih.gov/pubmed/32698304
https://doi.org/10.1111/j.1467-2995.2012.00737.x
https://www.ncbi.nlm.nih.gov/pubmed/22709378
https://doi.org/10.1016/j.vaa.2019.12.012
https://doi.org/10.3390/ani11092510
https://doi.org/10.1017/S096272860002964X
https://doi.org/10.1016/j.physbeh.2007.11.044
https://doi.org/10.1016/j.rvsc.2010.04.023
https://doi.org/10.3389/fvets.2019.00314
https://doi.org/10.3390/ani10071187
https://doi.org/10.1039/D1MO00354B
https://www.ncbi.nlm.nih.gov/pubmed/34860232
https://doi.org/10.1136/vr.116.16.431
https://www.ncbi.nlm.nih.gov/pubmed/3923690
https://doi.org/10.1016/j.applanim.2010.09.006
https://doi.org/10.1007/s11259-007-0084-6
https://www.ncbi.nlm.nih.gov/pubmed/17682847
https://doi.org/10.1016/j.smallrumres.2005.07.028
https://doi.org/10.1016/j.applanim.2017.04.001
Wool.com/globalassets/wool/sheep/research-publications/welfare/improved-pain-relief/project-final-report-on-gap-evaluation-of-pain-alleviation.pdf
Wool.com/globalassets/wool/sheep/research-publications/welfare/improved-pain-relief/project-final-report-on-gap-evaluation-of-pain-alleviation.pdf
https://doi.org/10.1016/j.applanim.2018.05.035
https://doi.org/10.3168/jds.2017-13507

Animals 2023, 13, 3814 10 of 10

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Hempstead, M.N.; Lindquist, T.M.; Shearer, ] K.; Shearer, L.C.; Sutherland, M. A.; Plummer, P.J. Acute cortisol and behavior of
dairy goat kids administered local anesthesia, topical anesthesia or systemic analgesia prior to cautery disbudding. Physiol. Behav.
2020, 222, 112942. [CrossRef] [PubMed]

Ajuda, I; Battini, M.; Mattiello, S.; Arcuri, C.; Stilwell, G. Evaluation of Pain Mitigation Strategies in Goat Kids after Cautery
Disbudding. Animals 2020, 10, 277. [CrossRef]

Ingvast-Larsson, C.; Hogberg, M.; Mengistu, U.; Olsen, L.; Bondesson, U.; Olsson, K. Pharmacokinetics of meloxicam in adult
goats and its analgesic effect in disbudded kids. J. Vet. Pharmacol. Ther. 2011, 34, 64-69. [CrossRef] [PubMed]

Wagmann, N.; Spadavecchia, C.; Morath-Huss, U.; Schiipbach-Regula, G.; Zanolari, P. Evaluation of anaesthesia and analgesia
quality during disbudding of goat kids by certified Swiss farmers. BMC Vet. Res. 2018, 14, 220. [CrossRef] [PubMed]

Still Brooks, K.M.; Hempstead, M.N.; Anderson, J.L.; Parsons, R.L.; Sutherland, M.A.; Plummer, PJ.; Millman, T.S. Characterization
of Efficacy and Animal Safety across Four Caprine Disbudding Methodologies. Animals 2021, 11, 430. [CrossRef]

Lou, M.E. The Development of a Goat Kid Grimace scale Following Thermal Disbudding. Master’s Thesis Chapter, University of
Minnesota Twin Cities, Minneapolis, MN, USA, 2020.

Langford, D.J.; Bailey, A.L.; Chanda, M.L.; Clarke, S.E.; Drummond, T.E. Coding of facial expressions of pain in the laboratory
mouse. Nat. Methods 2010, 7, 447-449. [CrossRef]

Guesgen, M.].; Beausoleil, N.J.; Leach, M.; Minot, E.O.; Stewart, M.; Stafford, K.J. Coding and quantification of a facial expression
for pain in lambs. Behav. Process. 2016, 132, 49-56. [CrossRef]

Haéger, C.; Biernot, S.; Buettner, M.; Glage, S.; Keubler, L.M.; Held, N.; Bleich, E.M.; Otto, C.; Miiller, C.W.; Decker, S.; et al.
The Sheep Grimace Scale as an indicator of post-operative distress and pain in laboratory sheep. PLoS ONE 2017, 12, 0175839.
[CrossRef]

Johnson, C.B. Research Tools for the Measurement of Pain and Nociception. Animals 2016, 6, 71. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.physbeh.2020.112942
https://www.ncbi.nlm.nih.gov/pubmed/32387120
https://doi.org/10.3390/ani10020277
https://doi.org/10.1111/j.1365-2885.2010.01195.x
https://www.ncbi.nlm.nih.gov/pubmed/21219346
https://doi.org/10.1186/s12917-018-1544-7
https://www.ncbi.nlm.nih.gov/pubmed/29986699
https://doi.org/10.3390/ani11020430
https://doi.org/10.1038/nmeth.1455
https://doi.org/10.1016/j.beproc.2016.09.010
https://doi.org/10.1371/journal.pone.0175839
https://doi.org/10.3390/ani6110071
https://www.ncbi.nlm.nih.gov/pubmed/27845724

	Introduction 
	Physiological Measures 
	Plasma Cortisol, Glucose and Lactate 
	Autonomic Responses 
	Electroencephalography (EEG) 
	Mechanical Nociceptive Threshold Testing 
	Infra-Red Thermography 
	Biomarkers 

	Behavioural Measures 
	Conclusions 
	References

