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Simple Summary: Pain recognition in calves is difficult. Pain is assessed either subjectively or
objectively. Subjective pain assessment can be done using ethograms or pain scales, or by evaluation
of changes of the facial expression due to pain. The problem with subjective pain assessment is
that the evaluation of the amount of pain a calf is experiencing depends on the evaluation and
the experience of the observer. Variables for the objective description of pain are assessment of
biomarkers in the blood (e.g., cortisol or substance P), use of algometry to measure mechanical
nociceptive thresholds, activity measurements by use of accelerometers and pedometers, use of
infrared thermography, and the assessment of heart rate, heart rate variability, feed and water intake,
or weight gain. Studies about pain recognition and pain management in calves mostly use more than
one variable. Often a combination of subjective and objective measures is used to evaluate the level

of pain calves are experiencing and to improve pain recognition.

Abstract: The evaluation and assessment of the level of pain calves are experiencing is important,
as the experience of pain (e.g., due to routine husbandry procedures) severely affects the welfare of
calves. Studies about the recognition of pain in calves, and especially pain management during and
after common procedures, such as castration, dehorning, and disbudding, have been published. This
narrative review discusses and summarizes the existing literature about methods for pain assessment
in calves. First, it deals with the definition of pain and the challenges associated with the recognition
of pain in calves. Then it proceeds to outline the different options and methods for subjective and
objective pain assessment in calves, as described in the literature. Research data show that there are
several tools suitable for the assessment of pain in calves, at least for research purposes. Finally, it
concludes that for research purposes, various variables for the assessment of pain in calves are used
in combination. However, there is no variable which can be used solely for the exclusive assessment
of pain in calves. Also, further research is needed to describe biomarkers or variables which are
easily accessible in the field practice.

Keywords: welfare; pain management; calves; ethogram; substance P; cortisol

1. Introduction
1.1. Definition of Pain

Molony [1] stated that “animal pain is an aversive sensory and emotional experience repre-
senting an awareness by the animal of danger of threat to the integrity of its tissues; (note, there may
not be any damage) it changes the animal’s physiology and behaviour to reduce or avoid damage,
to reduce the likelihood of recurrence and to promote surgery”. It is reasonable to think that
mammals experience painful events in a similar way as humans do, as the neural pathways
of pain sensation are similar [2]. There is no scientific definition of pain in animals which is
universally accepted [3].
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1.2. Challenges Associated with Recognizing Pain in Calves

Cattle are prey animals and do not show obvious pain behavior [2]; these animals try
not to be noticed by predator animals if they are impaired, hurt, or in pain. This character
of masking signs of pain to not express their weakness resulted in the impression that cattle
are insensitive to pain [2,4,5]. It is a challenge to recognize and evaluate pain in cattle [5,6],
making pain and pain management a major welfare problem in this species [7-9]. To be
able to provide pain relief and analgesics, pain has to be recognized either by prescribing
veterinarians or producers [6,9,10].

Pain studies conducted on adult cattle mostly concentrate on pain assessment during
different conditions such as lameness [11,12] or mastitis [13]. In calves, pain studies largely
focus on routine husbandry procedures, such as castration [14,15], disbudding [16,17], or
dehorning [18,19], and the effect of analgesics on the experience of pain during and after
these procedures [18,20]. Therefore, pain studies conducted in adult cattle are not very
useful in relation to pain in calves.

There still are differences in the evaluation of the pain level calves are experiencing
during and after different procedures. An important part of ensuring good welfare in calves
is to accurately assess distress and pain [21]. Therefore, it is critical to define objective
biomarkers and variables to evaluate pain in calves. The objective of this paper is to
summarize and compare the different subjective and objective methods for pain assessment
most commonly used in calves, and to outline the advantages and disadvantages of these
pain measurement systems to provide researchers with the methods most suitable for their
studies, and veterinarians with the knowledge how to evaluate pain in calves.

2. Pain Assessment in Calves

In 1995, Molony and his colleagues [22] stated that the assessment of pain in calves
is difficult, as methods for calves have not been well developed. Nowadays, a number of
tools for the recognition of pain is available, especially for research projects [9] (Table A1).

2.1. Subjective Pain Assessment
2.1.1. Ethogram

An ethogram is a description of an array of behaviors which a particular species of
animal is capable of showing over a defined period of time [23,24]. Behavior and changes in
behavior can be used to assess pain in calves. State behaviors (such as postural behaviors)
are suited for proportional documentation, while event behaviors (such as ear flicking) are
best documented by numerical recording [24].

Ethograms can give very accurate indications of changes in the behavior of an animal
over a larger period of time and are a powerful tool to document behavioral changes in
conscious animals. However, large numbers of animals are required due to variability in
behavior of animals [24].

Numerous studies have been published using ethograms in calves undergoing a
painful stimulus, especially in relation to castration [14,22,25-27], disbudding [28], and
dehorning [29-31].

There are several problems with using ethograms. The behavior can be affected, even
substantially, by a person watching the animals [23]. In previous studies, assessment
of behavior was done by direct observation, with different intervals of time between
observations [22,29,31]. Recent studies work with video cameras on poles, to not influence
the animals’ behavior, and provide continuous recordings [28,32,33]. Manual collection
of data is labor intensive [34], and the analysis of video footage is time intensive. For the
analysis of recordings, especially designed softwares [27,32] can be used.

The definitions of behavior recorded and measured should be clear [23]. Judgment of
different behavior becomes more reliable and repeatable if the observer is appropriately
trained and experienced. The approach to pain assessment should be consistent, to make
sure that the same physiological and behavioral patterns are assessed in the individual
animals [2]. All observers should be trained by the same, experienced person [35], and
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control of inter-observer reliability is needed [23,27,32]. Possibility of bias (unintentional or
deliberate) should be considered [23]. Observers should be ignorant of the treatment at the
time of observation and evaluation of behavior [23,27,29,30,32].

Different behaviors can be measured automatically nowadays, e.g., activity by use
of accelerometers [27,35,36] or pedometers [37], or milk intake by use of automated calf
feeding systems [28,36,38].

2.1.2. Visual Analogue Scale

The Visual Analogue Scale (VAS) is a 100 mm horizontal line with a description of
pain limits (0, “no pain” on the left and 10, “worst pain imaginable” on the right) at either
end of the scale [39,40]. By use of a millimeter scale, this score provides 101 levels of pain
intensity [40].

In veterinary medicine, observers place a mark along the line representing the amount
of pain an animal is showing [32,33,35]. The distance either from the start of the line
to the mark [32,33] or from the end point to the mark [35] is measured and used as
an indicator of the animal’s pain response to a procedure. The VAS is reproducible,
feasible, and sensitive [39]. Scoring can be performed based on the presence or absence of
defined behaviors [35], by more than one observer [32,33,35]. Experienced animal scientists
are needed [35,39], as results become more repeatable and reliable with training and
experience [2]. As mentioned for the ethogram, a consistent approach to the assessment of
pain is important, to ensure that an observer assesses the same physiological and behavioral
signs in each animal [2].

In several surveys about pain assessment in calves, researchers presented a range of
conditions in calves to be assessed using the VAS [41-43]. In other studies, the VAS was
used to evaluate pain in calves after castration [32,33,35] or disbudding [44].

2.1.3. Numerical Rating Scale

The Numerical Rating Scale (NRS) is a scale for pain assessment with two end
points, “no pain” and “worst pain” or “pain as bad as it could be”. In humans, the NRS
can be delivered either graphically or verbally and consists of an 11, 21 or 101 point
scale [40]. In bovine medicine, the NRS mostly ranges from 0 (no pain) to 10 (worst pain
imaginable) [7,45,46] or from 1 (no pain) to 10 (worst pain imaginable) [9,41,47], with no
detailed definition of the category “worst pain imaginable”.

The NRS is mostly used in surveys evaluating pain assessment in adult cattle and
calves. Several such studies have been published in the last 15 years [7,9,41,45-47].

Pain scores awarded for defined conditions and procedures in calves are similar
among veterinarians (Table 1); however, authors use different categories for the NRS,
which makes the direct comparison of pain scoring between studies impossible.

Problems with the NRS are lack of sensitivity (categories for a level of activity are
often simplified) [48] and sensitivity [39]. The major problem with the NRS is the observer
him- or herself. The evaluation of the amount of pain an animal experiences depends on
the observer’s own experience and opinion [2]. As it has been shown that e.g., empathic
veterinarians score pain in cattle higher than their less empathic colleagues [49], as do
female veterinarians compared with male ones [9,41,45,46], the NRS, same as the VAS and
other subjective methods for pain rating, presents some disadvantages.
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Table 1. Median Pain Scores (including range) as awarded by veterinarians for different procedures and conditions in calves, assuming no analgesic drugs were administered. Numerical
rating scores (NRS) differed between studies. Total number (n) of respondents to the surveys is given in brackets.

Authors (Year) [Reference]

Conditions Huxley et al. ¥ (2006) Lavenetal. ¥ (2009)  Kielland et al. #* (2009) Weber etal. ¥ (2012)  Remnant et al. ¥ (2017) Tschoner et al. T (2020)
[71 [45] [41] [47] [91 [46]
(n = 615) (n =166) (n=289) (n=741) (n =242) (n =274)
Distal limb/long bone fracture 8 (2-10) 9 (2-10) ¢ 8 (4-10) 8 (2-10) 9 (5-10) 8 (3-10)
Following dystocia 4 (1-10) 4 (1-10) 4 (1-8) 5 (1-10) 5(1-9) 5 (0-10)
Umbilical abscess 5 (1-10) 5(1-9) n.Al 6 (1-10) 6 (2-9) nA.l
Umbilical infection nA.l n.Al 5 (2-8) n.Al nA.l 7 (2-9)
Joint ill 7 (1-10) 8 (2-10) 7 (3-9) 7 (2-10) 7 (3-10) 8 (1-10)
Pneumonia 6 (1-10) 6 (2-10) 6 (2-10) 6 (1-10) 7 (1-10) 6 (1-10)
fntestinal [T/ Bnveritis nA.l nA.l 6 (1-10) nA.l nA. ! 5(1-10)
Castration (surgical) 6 (2-10) 8 (2-10) nA.1 10 (2-10) 7 (2-10) 9 (1-10)
Castration (rubber ring) 6 (1-10) 5 (2-10) n.A.1 n.A.1 6 (2-10) nA.l
Castration (Burdizzo) 7 (2-10) 6 (2-10) nA.1 8 (1-10) 7 (2-10) 9 (2-10)
Umbilical hernia surgery 8 (2-10) 8 (3-10) nA.l 9 (2-10) nA.1l 9 (1-10)
Disbudding 7 (2-10) 8 (3-10) nA. 1 nA.! 7 (2-10) nA.l
Dehorning nA.1 nA.1 8 (1-10) nA.! 8 (1-10)

t Pain scoring by use of an NRS ranging from 0 (no pain) to 10 (worst pain imaginable); ¥ Pain scoring by use of an NRS ranging from 1 (no pain) to 10 (worst pain imaginable). * Survey conducted among
veterinary students. ¢ Pain assessment for “Repair of distal limb fracture”. ! n.A. Not Asked.
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2.1.4. Facial Grimace Scales

In human beings, changes of facial expression are well studied [50]. In animals, facial
expression has not been extensively studied. However, the facial expression of animals
might represent an indicator for pain recognition [51].

In 2015, a Cow Pain Scale was described for pain evaluation in adult cattle; this
included the “bovine pain face”. The features of the bovine pain face were evaluated in
changes of four areas of the face (ears, eyes, facial muscles, and muzzle) [6] as described
for the “Equine Pain Face” [52] by information gained from six healthy cows following a
rumen fistulation surgery; facial expression was documented prior and after analgesic
treatment [6]. Facial expressions were significantly different between cows not in pain
compared with animals in pain [6]. Features of the pain face have been used for pain
assessment in adult cattle following different procedures [8,51,53]. In calves, the use
of the characteristics of the pain face or pain ears has been first described in 2017 [54].
Ré&af and Olsen [54] stated that they used the description of the cow’s pain face and
directly transferred these changes to calves’ facial expression, as calves’ facial muscles
may already be fully developed [54]. An example of the bovine pain face in a calf is
presented in Figure 1.

Ears are tense, backwards
and low/lamb ears

Tension of the muscles
above the eyes are seen as
wFurrow lines™

Strained and
dilated nostrils,
tonus of the lips

is
increased

Tensed facial
muscles on the

W“r\\ side of the head

Figure 1. Image of the “bovine pain face” as described by Gleerup et al. (2015) [6], in a calf diagnosed
with polyarthritis. The facial expression undergoes different changes due to pain. Note the position
of the ears, the tension of the facial muscles and muscles above the eyes, and the dilated nostrils.
The picture was taken by the author at the Clinic for Ruminants with Amulatory and Herd Health
Services, LMU Munich.

The facial expression should always be evaluated when the animal is undisturbed [6,54].
If animals are not used to handling, responses to human approach will be affected, therefore
reducing the sensitivity of the facial grimace scale. Also, disease patterns, prevalence of acute
or chronic pain, and age might influence the sensitivity and specificity of the bovine pain
face [6].

Evaluation of the bovine pain face seems to be a promising tool for pain assessment
in calves, and further studies are needed to describe changes due to pain in the facial
expression of calves.
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2.2. Objective Pain Assessment
2.2.1. Cortisol

In newborn calves, cortisol is the major product secreted from the adrenal cortex:
corticosterone only appears with the tenth day of life [55]. Cortisol concentrations show
a circadian rhythm as a result of sleep and activity patterns superimposing the negative
feedback control system [56]. Highest concentrations in the blood can be measured in the
early morning hours [55] and lowest concentrations at night [56]. Cortisol concentrations in
cattle are measured in the blood [14,22,57], faeces [58], saliva [57,59], milk [60], or hair [61].
Taking blood or saliva samples for the determination of cortisol is invasive [62]. The
contamination with food due to feed or water intake, as well as increased salivation can
interfere with saliva sampling. Hair samples are used as a retrospective marker of stress
over longer time periods [63]. The evaluation of cortisol from the claw horn of calves has
been described [64].

In calves, measurement of cortisol concentrations is mostly done from blood [14,35,65],
either from plasma [17] or serum [18]. For analysis of cortisol concentrations, solid-phase com-
petitive chemiluminescent enzyme immunoassays [18,66] or commercial radioimmunoassay
kits [16,17] can be used. Performance of radioimmunoassay kits and chemiluminescent enzyme
immunoassay methods are comparable in animal samples [67], with radioimmunoassays being
the gold standard [68,69]. However, disadvantages for radioimmunoassays are the short shelf-
life of the radioactive agents, the radiation safety hazards, and the strict requirements for waste
disposal [68], whereas chemiluminescence offers stable reagents and hormone-enzymes and no
toxic effects of the reagents [70].

Cortisol is the predominant indicator for (pain related) distress in calves. Cortisol
has been used extensively as a research tool in pain research in calves, especially for pain
studies for castration [14,15,22,35,71] and disbudding/dehorning [31,65,72,73].

The major disadvantage with using cortisol concentrations to assess pain in calves is
that cortisol is also described to be a reliable indicator for acute stress. Cortisol concentra-
tions change when an animal is experiencing stress; stress results in an immediate response
of glucocorticoids, and an increase of cortisol concentrations within minutes. Concentra-
tions reach levels which are several-fold greater than the baseline levels. The response of
the glucocorticoids is proportional to the severity of the stress experienced [56]. Even if
this includes acutely painful events, human presence or restraint can also influence cortisol
concentrations [17]. The increase of cortisol concentrations in calves is dependent on the
stressor [16] as well as on the individual and anxiety-related behavior of the animal [74].
Management techniques and external environmental factors can influence the rhythm cycle
of cortisol [75]. Therefore, cortisol concentrations should best be evaluated in combination
with substance P concentrations, to better differentiate between acute stress caused by
handling, and distress caused by nociception [14].

2.2.2. Substance P

In 2008, Coetzee et al. [14] compared plasma substance P (SP) and cortisol concen-
trations in bull calves undergoing surgical or stimulated castration. Whereas cortisol
concentrations did not differ between groups, SP concentrations were significantly higher
in the surgically castrated than the sham castrated animals for all time points following
the procedure. It was suggested that with the determination of plasma concentrations
of SP and cortisol, it might be possible to differentiate between distress associated with
nociception and acute stress due to handling [14].

SP concentrations in cattle are either measured in the blood plasma [14,76], or via
saliva samples [77]. Determination of SP concentrations is not an everyday procedure
for the field practice, as blood tubes need to be spiked with a protease inhibitor (either
benzadmidine [18,78] or aprotonin [76]) to stabilize SP. If processed immediately, SP
concentrations do not differ among enzyme inhibitor treatments, but aprotonin seems
to be the most effective inhibitor [79]. To prevent SP degradation, samples need to be
kept on ice and plasma needs to be harvested after centrifugation within 1 [79] or 2 [76]
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hours after sampling. Analysis is done in the laboratory, e.g., by use of competitive
immunoassay kits [14] or ELISA kits [76], which need to be validated for bovine plasma.

In the last ten years, SP has been used as a variable to assess pain during cas-
tration [14,32,33,78], dehorning/disbudding [17,18,65,80], and umbilical surgery [76].
Results of these studies imply that SP might be a promising biomarker to assess pain
in calves. However, some studies investigating the relationship between painful proce-
dures and SP concentrations report varying results [17], showing that SP concentrations
did not differ between control calves and calves treated with analgesics for disbud-
ding [65], or surgical castration [15]. There also seems to be an age difference in SP
concentrations in calves [78]. Also, there are large inter-individual variations in SP
concentrations [14,76].

Using SP as a biomarker for pain has some limitations, as SP is also involved in the
activation of the immune system, the chemotaxis of neutrophil and eosinophil granulocytes,
and the migration of cells of the immune system to inflamed tissues [81,82]. Human patients
suffering from phobia, stress disorders and depression show an impaired transmission
of SP [83,84]. Pregnant mice that are stressed release SP into the uterine tissue [85,86].
Therefore, it is possible that both stress as well as a state of inflammation result in a change
of the SP concentrations in the plasma. It was suggested that SP and cortisol should be
assayed in combination, so as to determine if the stressor resulting in the release of SP is
caused by pain or (restraint) stress [17].

In conclusion, SP, in combination with cortisol, can be used to differentiate between
distress caused by pain or stress caused by handling [14] and is a promising possibility to
objectively evaluate pain in calves for research projects. However, basic research needs
to be done about the role of inflammation or stress on SP concentrations in the plasma
of calves.

2.2.3. Mechanical Nociceptive Threshold

The mechanical nociceptive threshold (MNT) is defined as the amount of pressure
(in kilogram of force) a calf tolerates over a defined area [87], measured with an al-
gometer [18,87]. This test is semi-quantitative and is affected by the behavior of the
individual calf. Therefore, a baseline value should be evaluated and defined for each
animal [88]. Several studies used MNT to measure pain sensitivity following cautery
dehorning in calves. A pressure algometer is equipped with a round rubber tip (diame-
ter of 1 cm) [18,44,65,87,89]. After habituation of the calf to the examiner’s touch, the
examiner’s hand is replaced with the algometer; the rubber tip is placed directly beside
the horn bud, covering the cautery wound and the edge of the normal tissue. Pressure
is applied (1 kgf per second) until the calf withdraws its head [18,87]. In other studies,
force was applied at an approximate rate of 2 N/s to the skin surface of disbudded
calves, only withdrawing the algometer if the calves showed signs of discomfort or the
applied force had reached a cutoff [44,89]. Pressure can be applied to 2 [65] or 4 sites per
horn [18,28,87].

Heinrich et al. [87] stated that the decrease in MNT, as seen in dehorned calves, is
caused by pain and that pressure algometry can be used to objectively assess pain in cattle.
After cautery dehorning, tolerance to pressure decreased in calves [18,65]. Research shows
that the administration of non-steroidal anti-inflammatory drugs result in an increase of
MNT following dehorning [17,18,65,87], as did the application of a cornual block prior to
caustic paste disbudding [28].

The advantage of pressure algometry is its easy use in clinical settings, as well as the
low costs [90]. Repeatability of pain thresholds measured with MNT is good, and values
are stable [89]. However, there is no gold standard, and investigators need to be practiced
to reliably use MNT [44]. Intra- and inter-observer variability needs to be considered [90].
Research in dogs showed that tip diameter, position of the animal, and the anatomical site
might affect the results of MNT;, the individual animal had the most significant effect on
the efficacy of MNT [91]. Also, pressure algometry only evaluates the local sensitivity, e.g.,
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around the horn bud, and repeated handling might increase the avoidance response in
calves [65], influencing study results.

2.2.4. Activity

Accelerometers can objectively measure and evaluate movements and changes in
an animal’s behavior [35], in cattle as well as in calves. The accuracy of 2-dimensional
accelerometers is 98.3% for posture in calves [92].

A triaxial accelerometer is a sensor which returns a real valued estimate of the object’s
acceleration along three axes (x-, y-, and z-axis), also enabling to estimate velocity and
displacement [93]. Accelerometers are placed horizontally on one leg, with the x-axis
pointing towards the dorsal plane of the calf [36]. Tri-axial accelerometers measure the
angle of tilt to the earth, as well as the amount of dynamic acceleration, determining the
position relative to the ground, and the direction and speed of movement [94]. Depending
on the accelerometer, different sensor outputs, such as Standing, Lying, Walking, or Step
counts [35,95] are included. Data from the accelerometers can be downloaded on computers
using the producer’s software [35,36]. The G-force readings are then converted into binary
values (such as 0 for lying, and 1 for standing), and summaries of activities are calculated
using codes designed for that purpose [36]. The sum of each activity can be tabulated for
each study period [35].

Accelerometers have been developed and validated to measure a wide variety of
different behaviors in calves, in the form of pedometers, ear tags, or collars [94]. In the last
decade, accelerometers have been used extensively for the assessment of activity in calves
to assess changes to activity due to pain after different procedures [35,71,87,92,95,96].

Accelerometers are non-invasive [92]. Other advantages of these devices are their
small size and weight, the low cost, and their ability to record behavioral data over a
long period of time (days or months) in high-resolution quality [94]. Long time recording
requires an adequate size of memory, which might increase the cost; however, this problem
can be overcome by wireless collection of data, which restricts the area an animal is able to
move in [97].

Also, as accelerometers are attached to the animal’s legs, they might influence the
physiological behavior, and can possibly be removed by the animal itself [97].

In conclusion, accelerometers are a suitable tool for the assessment of pain in calves by
measuring calves’ activity and changes thereof and have been described to likely be more
sensitive than video analysis or direct behavioral observations of calves [87].

2.2.5. Monitoring Steps

Recording of number of steps taken by calves after a painful procedure, such as
castration, can be a useful measurement of postsurgical pain in calves [37]. Pedometers
are used to objectively monitor and quantify the number of steps taken by calves [37,98]
and can be fixed on either leg of a calf [20,37,88,99,100]. Pedometers contain an on-board
algorithm to calculate the number of steps from the raw data [98]. The number of steps
recorded on pedometers is within 5% of the actual number of steps taken by calves [37].
The range of pedometers to their base unit is about 400 m [101]. They are easily attached
and used [98].As described for accelerometers, pedometers are small, non-invasive, and are
not likely to influence the natural patterns of animal behavior [101,102]. Another advantage
is the low cost of investment, as well as the low labor input [98].

Data collection with pedometers is described in numerous studies about pain assess-
ment in calves undergoing painful procedures, such as castration [20,37,99].

Pedometers can also be used to assess the movement of the tail. Pedometers are fixed
10 cm from the tail base and read manually, defining the “steps” as tail movements, e.g.,
for pain assessment following castration [35]. The fact that pedometers directly measure
the animal’s locomotion also makes them a valuable tool for assessing and monitoring
musculoskeletal pain [98], such as lameness [100].
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Stress, as well as pain, may influence the distance a calf travels. It has been published
that calves took more steps for 3 days after weaning [103]. The number of steps calves take
varies among days and due to environmental conditions [98]. Also, pain assessment with
pedometers might be more suitable for some procedures (as castration) compared with
others (dehorning). The pain calves experience after dehorning might not have as much of
an impact on resting after the procedure, as does the pain associated with castration [101].

Pedometers can be used to record continuous and individual animal data, providing
inferred behavioral data (objective data). However, use of pedometers requires further
investigation, and should especially be analyzed in combination with ethograms [101].

2.2.6. Measurement of Eye Temperature

In veterinary medicine, infrared thermography (IRT) is a term used to describe in vivo
digital imaging of an animal by use of an infrared camera. The thermal imaging cameras
show temperatures with a precision of 0.08 °C. Different temperatures are represented as
various colors, and thermal maps of an object or a body surface can be interpreted with
computers [104].

In the last years, IRT has been used for detection of inflammation, such as mas-
titis [105,106] or hoof lesions [11,107], as a non-invasive method to predict methane
production and emission [108], and welfare evaluation [62] in bovine medicine.

In previous studies, eye (ocular) temperature was measured by use of infrared ther-
mography cameras. Images were taken from a distance of 0.5 m at a right angle (90 °C).
The maximum temperature (measured in °C) was recorded in the lower eyelid (medial
posterior palpebral border) and the eye caruncle [109,110] at different intervals [109,111].
Research suggests that by measuring the temperature of the eye with IRT, changes of
the sympathetic nervous system activity can be used for the study of pain recognition
in calves [109-111]. A decrease in eye temperature following a painful stimulus, such a
disbudding, can be attributed to sympathetically mediated alterations in the blood flow in
the capillary beds of the eye, redirecting the blood flow to organs and skeletal musculature
due to the “fight and flight” response [109,112]. Eye temperature decreased rapidly after
disbudding but increased again from 5 min after the treatment and was higher for disbud-
ded compared with control calves [109]. Similar research was done for pain assessment
after castration [111]. These results imply that IRT of the eye might be used to assess pain
in calves.

Eye temperature can be measured easily, and the location provides no interference of
fur or hair. Orbital temperate is less variable than temperatures taken from other areas [113].
Even if the use of IRT is simple, non-contact and non-invasive [104], a high technical as well
as financial input is required even if minimal standards of quantification is used [114]. The
area which has to be measured needs to be defined and analyzed in a standardized way,
because automated analysis through a computer-based algorithm is only feasible within
a standardized framework [114]. There is little evidence concerning the physiological
changes of skin temperature in cattle [104]. Also, eye temperature is not only influenced
by pain, but also by stress [112,113] and disease [113]. To differentiate between pain and
fear/stress, IRT should be used in combination with other variables for the assessment of
pain, such as cortisol [17], substance P [15], or behavior and heart rate (variability) [115].

2.2.7. Heart Rate and Heart Rate Variability

In calves, measurement of heart rate (HR) is done by auscultation in restrained an-
imals [28], or by use of a girth heart rate recorder and data loggers [35]. Heart rate
variability (HRV), or changes of the time interval between heartbeats, can be used to
evaluate the activity of the sympathetic nervous system as part of the autonomic nervous
system [111,116], and the autonomic nervous signs associated with stress in cattle [117],
representing changes in the balance between sympathetic and parasympathetic branches
of the autonomic nervous system [118]. Changes in the sympathetic and vagal balance
occur due to psychological and environmental stressors, but also related to diseases [116].
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HRYV is assessed by use of a fitting heart rate monitor fixated with a belt to the clipped
skin behind the left foreleg of the animal, which records nonlinear measures [111,117,119].
The simplest way to measure HRV is by time domain measures. These can be divided
into two classes: (1) the measurement of variability from interbeat intervals (IBIs) which is
the easiest, but least informative way to calculate IBIs and HR, and (2) the measurement
of variability acquired from differences between IBI. For these, the best parameter is the
root mean square of successive differences (RMSSD), which is determined by calculation
of the difference between consecutive IBls. The IBIs are squared and summed, the values
averaged, and the square root is obtained [116]. Sequences of IBls are converted into
geometrical forms; afterwards, assessment of HRV can be extracted from these forms [116].
These measures can be quantified using available software [117].

Research showed that HR is significantly increased in animals experiencing pain, such
as castration [35,111] or disbudding [117]; HRV changes following a painful event [111].
According to these studies, the measurement of heart rate can be used to assess if calves are
in a painful state, especially an acute one [111]. However, several studies showed that HR
and HRYV, if measured over short-term periods of time, return to baseline rapidly [111,116].

Not only pain, but also other factors result in changes of HR and HRV. In humans as
well as in animals, HRV is influenced by sex, age, respiration, fitness, posture, physical
activity, and diurnal rthythms [116]. External stress as well as internal stress results in
significantly higher heart rates in calves, and the RMSSD of R-R-interval decreased sig-
nificantly with increased stress load, due to reduction of the vagal tone [119]. Changes in
cardiac activity have also been observed in animals in an anticipatory manner prior to the
expression of alterations [116].

The major advantage of monitoring HR and HRV is that this method is non-
invasive [111,116], except if implantable devices are used [116]. Depending on the
equipment, systems used for the assessment of HRV are expensive; an alternative which
is affordable is the use of commercially available monitors which detect R-peaks of the
electrocardiogram, storing IBI in digital form [116]. To avoid misinterpretation of data,
the identification of artefacts or ectopic beats in IBI data is important [116].

Bearing in mind that not only pain but also stress and other factors result in changes
of HRV [111,116,117], it is advisable to evaluate HR and HRV in combination with other
methods for pain assessment, such as cortisol, SP, IRT, or behavior [35,65,111,115].

2.2.8. Feed Intake

Feed intake serves as an indicator for cattle welfare and well-being. Halters including
a pressure sensor integrated into the noseband record the jaw movements during chewing
and ruminating in adult cattle [120,121], and during rumination in calves [122]. In calves,
monitoring of feed intake can be done either by directly weighting the difference between
offered and consumed feedstuff [87], or by analyzing records of automatic calf feeding
systems (ACFS) [28,36,38]. For example, radio-frequency ear tags connected to a feed bunk
monitoring system inside the pens can be used to record the feeding behavior of calves.
The electronic monitoring system displays various parameters [28].

ACFS need to be accurate and precise in their quantity for feed delivery. Calibration
following the manufacturer’s recommendations is necessary. Until now, there is no valida-
tion of the accuracy and precision of ACFS under different on-farm circumstances or at
farm level [94].

Feed intake has been used as an indicator for pain in calves in several studies [28,38,87].
However, feed intake also changes before [36,94] and during [123] clinical disease, and
due to stress [36]. Therefore, recording feed and milk intake seems to be more suitable
for detecting diseases, than for directly assessing pain in calves. Therefore, recording and
analysis of feed intake should not be used as the single indicator for pain in calves, but in
combination with other variables for the assessment of pain.



Animals 2021, 11, 1235

11 of 21

2.2.9. Average Daily Weight Gain

Measurement of body weight and average daily weight gain (ADG) is used as an
objective assessment for the evaluation of post-operative pain in calves [101]. Calves
showed a reduction of weight after surgical castration [27,124]. The weight reduction
could indicate the experience of chronic stress, which could not be detected with other
physiological variables, such as salivary cortisol or SP [27]. It is also possible that differences
in growth are related to the hormonal status of the control group, age at castration, and
length of the study period after castration [124].

Also, other studies found no effect of the use of analgesia on the ADG of calves for
cautery dehorning [18] or disbudding [65], following (caustic paste) disbudding [17], or
band-castration [125]. Branding did not influence the ADG [126].

Therefore, the measurement of ADG might not be particularly useful for the assess-
ment of pain in calves, and as the ADG is also influenced by (chronic) stress [27], more
suitable biomarkers and variables for the measurement of pain should be used to assess
pain in calves.

3. Conclusions

There are a number of tools available to assess pain in calves. Subjective pain assess-
ment heavily relies on the experience and evaluation of the observer, representing only his
or her subjective assessment, and is the method practicing veterinarians most heavily rely
on in their field work. As the use of analgesics in calves mostly relies on the perception
and recognition of pain by the attending veterinarian, further training in the subjective
assessment of pain should be focused on.

Objective pain assessment is mostly done by use of biomarkers in the blood plasma
and serum but can also be done by analysis of other variables. As some of these variables
are not only changed due to acute pain, but also other factors such as stress, restraint, or
management, none of these variables can be used solely for the objective assessment of pain
in calves. Therefore, it is advisable to use a combination of objective and subjective variables
for research purposes, to best evaluate the severity of pain an animal is experiencing.
Further studies concentrating on the description of an objective variable to exclusively
assess pain in calves are needed. The more objective variables used to evaluate pain in
calves are, the less are needed.

In the course of precision livestock farming, objective variables for the detection of
pain, such as accelerometers, automated feeding systems, evaluation of IRT, or automated
detection of the pain face, should be further developed.

To improve the recognition of pain in calves, research about the development of tools
for the assessment of pain should focus more on the availability and practicability of these
tools in the field. Tools for pain assessment should be easily accessible both for veterinarians
and producers, to make pain recognition easier, and thereby improving analgesic treatment
and pain management in calves.
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Appendix A

Table A1. Overview of tools used for the assessment of pain in calves in research literature. Study groups includes the
age or the weight of the calves used for the trials. Tools used for the pain assessment are given as Outcome Parameter.
Observation of behavior was defined as Ethogram. References (Ref.) are given in the right column.

Year Author Stud).r Procedure Outcome Parameter Assessment Ref.
Population
Castration .
Molony et al. 2to 3'days (Burdizzo and/or COI‘tlS'OI Blood plasma [22]
(Dairy) . Behavior Ethogram
rubber ring)
1995
4 to 6 weeks Dehorning Cortisol Blood plasma
Morisse et al. (Dairy) (Chemical and heat Activity Video recording [72]
y cauterization) Behavior Ethogram
Schwartzkopf- Branding
1997 Genswein 303 £ 2 kg (Freeze or Body Weight Scale [126]
(Beef-cross)
etal. Hot-Iron)
McMeekan 3 to 4 months Dehorning .
1998 otal. (Dairy) (Scoop) Cortisol Blood plasma [127]
Faulkner and 4 to 8 weeks Dehorning .
2000 Weary (Dairy) (Hot-Tron) Behavior Ethogram [29]
. 3 to 5 weeks . . . .
2002 Eicher et al. (Dairy) Tail docking Behavior Ethogram (Video) [128]
Sutherland 3 to 4 months Dehorning .
ot al. (Dairy) (Scoop) Cortisol Blood plasma [129]
Schwartzkopf- 26 to 39 days Dehorn.mg, Cortisol Blood plasma
. and Castration .
Genswein 54 to 80 davs (Surgical, 21 days Heart rate Heart rate monitor [25]
2005 etal. . cay gica, y Behavior Ethogram
(Dairy) later)
. 10 to 35 days Dehorning . .
Vickers et al. (Dairy) (Hot-Iron) Behavior Ethogram (Video) [30]
4 to 6 months Castration Cortisol Blood plasma
Coetzee et al. (Beef-cross) (Surgical) Substance P Blood plasma [14]
8 Behavior Ethogram (Scores)
. 5 to 6 months Castration Cortisol Blood plasma
2008 Stilwell etal. (Dairy) (Clamp) Behavior Ethogram [26]
. 10 to 40 days Dehorning Cortisol Blood plasma
Stilwell et al. (Dairy) (Caustic paste) Behavior Ethogram [31]
. 278.1 £25.6 kg Castration Posture Accelerometer
White et al. (Beef) (Surgical) Behavior (Activity) Accelerometer [92]
Behavior (Activity) Pedometer
Vocalization Recording
3 months Castration Force of struggling MMD !
Currah etal. (Beef-cross) (Surgical) Stride length Video recording [37]
Posture and locomotion Visual assessment
2009 Behavior activity Live observation
. Cortisol Blood serum
Heinrich et al. 6 to(éiiw;ve)eks ]?ézﬁi:;n)g Heart rate Auscultation [73]
y y Respiratory rate Counting
33 £ 0.3 days Dehorning Ocular temperature IRT 3
Stewart et al. (Dairy) (Hot-Iron) Heart rate/HRV 2 Heart rate monitor [110]
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Year Author . Procedure Outcome Parameter Assessment Ref.
Population
Coetzee et al 4 to 6 months Castration Cortisol Blood serum [66]
) (Beef-cross) (Surgical) Behavior Ethogram
MNT 4 Algometry
. 6 to 12 weeks Dehorning Behavior Ethogram (Video)
Heinrich et al. (Dairy) (Cautery) Activity Accelerometer [87]
2010 Feed /water intake Scale
Cortisol Blood plasma
4 months Castration Catecholamines Blood plasma
Stewart et al. (Dairy) (Surgical) Ocular temperature IRT (111
Heart rate/HRV Heart rate monitor
. 37 £ 4 days Disbudding Cortisol Blood plasma
Stilwell etal. (Dairy) (Hot-Iron) Behavior Ethogram [16]
Cortisol Blood serum
Dehornin Substance P Blood plasma
Coetzee et al. Not available. (Scoop) & Activity Accelerometer [80]
P Heart Rate Auscultation
Average Daily Gain Scale
2012 Castration
(Surgical)
Pauly et al. 16 t?g;:vf eks Dehorning Activity Accelerometer [95]
y (Hot-Iron)
(Concurrent)
10 weeks Dehorning
Theurer et al. . (Hot-Iron Activity Accelerometer [96]
Not available
Thermocautery)
Cortisol Blood serum
8 to 10 weeks Dehornin Substance P Blood plasma
Allen et al. (Dairy) (Ho t-Iron? MNT Algometry [18]
Ocular Temperature IFR 3
Body Weight Weighting
Cortisol Blood serum
8 weeks Castration Substance P Blood plasma
Dockweiler and (Band, Heart rate/HRV Heart rate monitor (78]
et al. 6 months Cut-and-clamp, Ocular Temperature IRT
(Dairy) Cut-and-Pull) Electroencephalogram Electrodes
Electrodermal Activity Electrodes
2013 -
. 4 to 4.5 weeks Disbudding Behavior Ethogram (Video)
Mintline et al. (Dairy) (Hot-Iron) Wound sensitivit Von Frey [130]
y y Monofilaments
(P;f;fastclf;al Cortisol Saliva
. 56 £ 3 days . Behavior Ethogram
Pieler et al. Resection, . [99]
(Dual-purpose) Orchidectorn Locomotion Pedometer
. 4 Heart rate/HRV Heart rate monitor
Burdizzo)
309"861: d59.04 Castration Substance P Blood plasma
Repenning et al. 300.8 & 496 (Band) Behavior Ethogram (Video) [125]
. ’ Body Weight Scale

(Beef)
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Study
Year Author A Procedure Outcome Parameter Assessment Ref.
Population
Cortisol Blood serum
4 to 6 months Lameness Score Visual scoring
Coetzee et al. (Beef) Induced Lameness Activity Pedometer [100]
2014 Weight Gain Scale
Cortisol Blood Serum
2 months Castration Behavior Ethogram (Scores)
Coetzee et al. (Dairy) (Surgical) Heart Rate Auscultation [20]
y Respiratory Rate Auscultation
Activity Pedometer
Bates et al 3 to 6 weeks Disbudding Milk intake ACFS® [38]
’ (Dairy-cross) (Gas-dehorner) Body weight Scale
Cortisol Blood plasma
2015 Substance P Blood plasma
4 to 6 weeks Disbudding Ocular temperature IRT
Stock etal. (Dairy) (Cautery) Heart Rate Auscultation [65]
MNT Algometry
Average Daily Gain Scale
3 months Castration .
McCarthy et al. (Beef) (Surgical) Cortisol Blood plasma [131]
Cortisol Blood plasma
. 6 to 8 weeks Dehorning Substance P Blood plasma
Kleinhenz et al. (Dairy) (Electrocautery) Ocular/skin temperature IRT [19]
2016 MNT Algometry
Cortisol Blood plasma
Blood plasma
Substance P .
. Girth heart rate
4 to 5 months Castration Heart rate
Olson et al. . . .. recorder [35]
(Dairy) (Band, Surgical) Activity
. Accelerometer
Behavior
Tail movement Ethogram
Tail pedometers
1 weeks and Cortisol Substance P Saliva and Hair Blood
2 months . plasma IRT Ethogram
. Castration Scrotal temperature .
Marti et al. And 4 months . . - . (Video) Scale [27]
(Band, Surgical) Behavior Weight Gain .
(Beef-cross) . . Accelerometer Video
Activity Stride length .
recording
Cortisol Saliva and Hair
Substance P Blood serum
Castration . Ethogram (Video)
. 7 to 8 months . Behavior
Meléndez et al. (Surgical) .. Accelerometer [32]
(Beef-cross) Activity .
. . Radio-frequency ear
Feeding Behavior ta
2017 Weight Gain &
Scale
6 to 8 months Castration Bodyweight Scale
Musk et al. (Bos indicus) (Surgical) Activity Pedometer [1o1]
MNT Algometry
Behavior Ethogram
. . Heart rate Auscultation
Winder et al. Nozgviziﬂe)lble ( CDehtci)rr;)m% ) Respiratory rate Observation of flank [28]
ary. austic faste Feeding behavior ACFS
Standing/Lying bouts Data loggers

Play behavior

Visual observation
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Table A1. Cont.

Year Author Stud).r Procedure Outcome Parameter Assessment Ref.
Population
. . MNT Algometry
Adcock et al. 3 ()(I]E)SiiSirde)lyS D(;E?_?i;n)g Skin temperature Thermography [132]
y Weight gain Scale
Cortisol Blood plasma
Blood plasma
. Substance P
. 9 months Castration IRT
Kleinhenz et al. . . Ocular temperature [15]
(Dairy) (Surgical) . . Mat-based
Gait analysis
pressure/force
measurement system
Cortisol Saliva
Substance P Blood plasma
. Scrotal temperature IRT
Meléndez et al. (?3:; fs—;c(izzss) (BaiilSt;iTOir;al) Body Weight Scale [33]
s OUrg Behavior Ethogram (Video)
2018 Stride length Video recording
Standing/Lying Bouts Data logger
Cortisol
Heart Rate Blood plas:ma
. Auscultation
Respiratory rate Countin
. 1 and 4 weeks Disbudding Tactile sensitivity score )
Mirra et al. . Von Frey filaments [44]
(Dairy) (Cautery) MNT
. Algometry
Behavior :
1 . . Ethogram (Video)
Multidimensional pain 6
VAS
scale
6,3+ 0,09 Castration Cortisol Blood plasma
Park et al. months . [133]
(Surgical) Substance P Blood plasma
(Beef)
Sutherland 27 £+ 1,5 days Disbudding Feeding Behavior ACFS [36]
etal. (Dairy) (Cautery) Lying Behavior Accelerometer :
38 + 9 days o
Tschoner et al. (Dual-purpose) Umbilical surgery Substance P Blood plasma [76]
4 to 7 weeks Disbudding Heart Rate/HRV Heart rate monitor
Byrd etal. (Dairy) (Gas-dehorner) Behavior Ethogram (Video) [117]
MNT Algometry
. 7 and 28 days Disbudding . . Von Frey Filaments
Casoni et al. . . Mechanical allodynia score : [89]
(Dairy) (Electric cautery) . . Electrical/Laser
Nociceptive reflexes . .
stimulation
2 to 6 weeks Disbudding Behavior Ethogram (Video)
2019  Cuttance at al. (Dairy) (Thermocautery) MNT Algometry [134]
y y Weight Gain Scale
Cortisol Blood plasma
. . Substance P Blood plasma
Karlen et al. 41.(2Diig.1) kg ( CD 1sbt111dd1n§ ) Eye/Skin temperature IRT [17]
aiy. austic paste MNT Algometry
Average Daily Weight Scale
. 33 to 54 days Cornual nerve Heart rate/HRV Heart rate monitor
Jimenez et al. (Dairy) block Eye temperature IRT [115]
y o¢ Behavior Ethogram (Video)
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Table A1. Cont.

Year Author Stud).r Procedure Outcome Parameter Assessment Ref.
Population
24 to 38 days Disbudding Behavior Ethogram (Video)
2020 Adcock et al. (Dairy) (Cautery) Pain sensitivity Pin Prick Test [135]
Adcock and 21 to 28 days Disbudding Behavior Ethogram (Video) [136]
Tucker (Cautery) (Cautery) Wound sensitivity Algometry -

I Movement Measuring Device, > Heart Rate Variability, ® Infrared Thermography, * Mechanical Nociceptive Threshold, > Automated Calf
Feading System, ® Visual Analogue Scale.
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