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Pressure algometry can be used to quantify mechanical nociceptive threshold (MNT) in
humans and animals. If reliable this may be a useful tool to examine calves for increased
mechanical sensitivity, which may be induced by disease or pain. This study measures
the repeatability and feasibility of pressure algometry using a handheld digital pressure
algometer (PRODPIus, Top Cat metrology) using three serial measurements applied to
six sites on the thoraces of 35 healthy calves by two different operators. The range of
MNTs recorded in healthy calves was 1.2-25 Newtons (median = 10.1 IQR = 7.1-14.0).
A multivariable mixed effects model identified that the MNT’s recorded were influenced
by Operator, Site, and Calf. Intra and inter-operator reliability were measured by
intra-class correlation coefficients (ICCs). Based on average ICCs, intra-operator reliability
at two sites was good; one site overlying the ventral aspect of the 6th intercostal
space [ICC = 0.79 95% ClI (0.63-0.89)] and the other overlying the dorsal aspect of
the 9th intercostal space [ICC = 0.75 95% CI (0.56-0.87)]. Average ICCs for three
other measurement sites were moderate or poor, and one site proved unfeasible. For
inter-operator agreement average ICCs showed that agreement was also good at the
same 6 and 9th intercostal space, [ICCs = 0.77 95% CI (0.35-0.90) and 0.77 95% CI
(0.54-0.88), respectively], agreement was moderate for the remainder of the sites. This
study identifies two sites that are potentially useful for monitoring of thoracic sensitivity as
an indicator of pain in calves by means of pressure algometry using the average of three
measurements. It also identifies sources of variability to be considered when applying the
tool for clinical or research purposes.

Keywords: bovine, pressure algometer, pain, mechanical nociceptive threshold, inter-operator agreement,
intra-operator agreement

INTRODUCTION

Freedom from pain, injury, and disease is one of the Farm Animal Welfare Council’s (FAWC)
Five Freedoms and a central tenet for safeguarding the welfare of farmed animals. To ensure
optimization of this freedom it is necessary to prevent, rapidly diagnosis and treat conditions which
cause pain, injury, or disease in farm animals (1).
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Bovine respiratory disease (BRD) is a leading cause of
morbidity and mortality of dairy and beef cattle worldwide
and has substantial impact on animal welfare and economics
(2). Non-steroidal anti-inflammatory drugs (NSAIDs) are
recommended as an adjunct to antibiotic therapy for treatment
and have been shown to be beneficial in terms of live weight
gain (3), although pain associated with BRD has not yet been
objectively quantified.

Accurate measurement of pain associated with BRD is
essential to fully determine the welfare impact of BRD on
cattle, quantify the potential benefits to animal welfare of pain
alleviation, and enable consistent, evidence based, analgesic
protocols to be developed for the condition. Therefore, a valid,
reliable, and feasible method for the measurement of pain
associated with BRD in cattle is required.

The experience of pain cannot be directly measured in
animals, but can be inferred using for example physiological,
behavioral, and performance indicators (4). These are used
individually or in combination to improve test sensitivity and
specificity (5). Physiological indicators such as measurement of
cortisol, or inflammatory mediators require invasive sampling
and laboratory assessment. In addition, there are issues around
the specificity of measures for pain as distinct from stress
or inflammation. Therefore, physiological measures can have
practical limitations for on farm measurement of pain in cattle.
Performance measures, for example live weight gain can be
useful, but these are long term measures of welfare impact, rather
than short term assessment of the animal’s direct experience of
pain (6). Behavioral indicators of pain have been widely used
as they are generally observational, non-invasive, low cost, and
practical for field use. Most cases where behavioral responses
have been used to indicate pain are diseases or procedures where
the pain is likely to be relatively high. Examples include the
degree of head shaking and ear flicking following dehorning (7)
or locomotion scoring, which describes the degree of lameness in
cattle based on behavioral postural changes (8). More recently,
it has been demonstrated that subtle behavioral changes such
as ear position and facial expression may be used to assess
pain in cattle for a number of conditions (9). The principle
disadvantage of behavioral measures of pain is the subjective
assessment technique of different operators which may affect test
performance (4).

Pressure algometry is an objective, behavioral, calibrated,
short-term indicator of increased sensitivity indicative of pain,
used in research and clinical practice in humans and animals.
A pressure algometer measures the force applied to tissues via
a probe, which is referred to as a noxious stimulus. In humans,
the pain pressure threshold (PPT) is the lowest pressure at which
the patient verbally reports perceiving pain (10). An increase in
sensitivity to this noxious stimulus may correspond to increased
sensitivity of nociceptors at the test site and is interpreted as
increased sensitivity at the test site. Since animals are unable to
state when they feel pain the mechanical nociceptive threshold
(MNT) is recorded instead of the PPT, this is the amount
of pressure needed to produce a pre-determined behavioral
response indicative of pain (11). The use and experience of this
tool in people lends additional validity to its interpretation as

an indicator of pain in animals. The algometer measures the
pressure applied to tissues and the response of the human/animal
is recorded. The response would typically be vocalization (verbal
acknowledgment of the pain experienced in humans), avoidance
and defense behaviors (withdrawal reflex, moving away from
the stimuli).

Pressure algometry has been used to assess pain and
effectiveness of analgesia for research purposes in a range of farm
animal species, including pigs (11) and sheep (12). In cattle, it has
been used to assess pain sensitivity in dairy cattle with mastitis
(13), lameness (14-16); and following dehorning (7).

Pressure algometry has been shown to have good inter-
operator repeatability when carried out on the limbs of normal
dairy cattle using the mean of several tests and consistent test
sites (17). Pressure algometry is an objective, repeatable and non-
invasive, short term indicator of pain, and therefore may offer
a practical method of assessing pain associated with BRD in
cattle on farms. As the method has not been previously applied
for BRD, the aim of this study was to assess its repeatability
and feasibility when applied to the thorax of healthy calves; the
anatomical site where the underlying pathology caused by BRD
is found.

MATERIALS AND METHODS

This study design was approved by the University of Liverpool
Veterinary Research Ethics Committee (reference VREC 369).
Research was carried out under Project License PPL708757
issued by the UK Home Office under the Animals (Scientific
Procedures) Act 1986.

Case Selection and Randomization
Thirty-six healthy Holstein Friesian dairy heifer calves between 2
and 12 weeks of age were enrolled from a convenience sample of
two commercial dairy herds in northwest England. Calculations
of sample size were complicated by the lack of pre-existing
data for an exactly comparable situation. A previous study
suggests standard deviations for a single observer to be ~25%
of the total range of the algometer, 0-25N in this instance (17).
Subsequently, it was calculated that 36 calves were required in
order to detect a difference of 5N or more between operators.
Calves were housed in small groups of 4-6 animals in straw-
bedded pens. Calves were fed according to normal husbandry
practices for each commercial farm. Briefly, diet was 3L of milk
replacer fed twice daily, calf-rearer pellet, ad lib forage, and
ad lib water. Typically calves older than 8 weeks would no
longer be fed milk replacer. As all calves were hand reared,
they were habituated to handling by farm staff, but were not
habituated to the researchers. Farm visits were carried out in
the middle of the day, approximately halfway between milk
feeds. A convenience sample of calves were examined at each
visit. Each calf was restrained using a halter and examined by a
veterinary surgeon. The examination included taking the rectal
temperature, assessment of umbilicus, and joints for swelling,
fecal score, and auscultation of the thorax to detect heart or
lung abnormalities. Only calves that had no abnormalities on
clinical examination were considered for inclusion in the study.
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These calves were respiratory scored according to the Wisconsin
calf respiratory scoring chart (18). Calves scoring zero, or 1-2
where the positive score resulted only from a rectal temperature
>38.3°C but <39.0°C, were enrolled into the study.

Calves not eligible for inclusion in the study but with a
respiratory score <5 and otherwise clinically normal (as per
McGuirk and Peek, 2014) were released. Calves scoring five
or more were not eligible for inclusion and were released for
treatment as per normal practice on that farm. Seventy-three
calves were excluded from the study.

Once selected for inclusion in the study, the experimental
procedure lasted approximately half an hour per calf and was
carried out with the calf in its “home” pen to avoid any
effect on results that may be caused by a novel environment.
Although calves were not specifically separated from their group,
researchers ensured other calves did not interfere with the
testing procedure. Two experienced cattle veterinary surgeons
performed the pressure algometry. Calves were randomized in
blocks of four according to whether testing was carried out on the
left or right side of the chest and whether operator A or operator
B went first. The four permutations (Left side of chest, operator
A first; Left side, B first; Right side, A first; Right side, B first)
were recorded on slips of paper and placed in an envelope. Once
a calf had been deemed suitable for enrolment, a slip of paper was
selected, and the calf was assigned to that group.

Site Selection and Identification, and Order
of Testing

Mechanical nociceptive threshold testing was carried out at six
sites on either the left-hand or right-hand side of the chest,
selected to compare the reliability over different lung fields and
between testing sites overlying a rib compared to those overlying
an intercostal space. The sites were as follows (Figure 1):

1) Over the 6th rib ~5 cm dorsal to the costo-chondral junction.

2) Opver the 6th intercostal space level with site 1.

3) Over the 6th rib over the most dorsal 5 cm of rib which could
be palpated.

4) Opver the 6th intercostal space level with site 3.

5) Over the 9th rib ~5 cm below the most dorsal point at which
the rib could be palpated.

6) Over the 9th intercostal space level with site 5.

Each site was marked prior to the procedure by clipping a small
patch of overlying hair with scissors, to ensure both operators
made measurements at the same site on each testing occasion.

Use of the Algometer

A handheld digital pressure algometer (PRODPlus, Top Cat
metrology, Cambridgeshire, UK) accurate within a force range
of 0.5-25 N and a tip with a diameter 4 mm was used. The tip was
chosen based on clinical experience and to avoid tissue damage.
The algometer was calibrated and the rate of force application
was set by the manufacturer at 2 N/s. This could be monitored
by the operator using the red and green lights on the algometer
indicating if force needed to be applied faster or slower. Before
use on an animal each operator practiced using the pressure
algometer on an inanimate object until they could control the

rate of force application reliably. A cardboard canopy was taped
around the screen so the operator could not see the force being
applied but it could be monitored by an assistant.

Before each use the algometer was reset. Prior to the first
application the operator placed a hand over the thorax at the
test site and applied light pressure to avoid startling the calf
when the pressure algometer was first applied. When the calf was
settled the hand was replaced by the pressure algometer. Force
was applied perpendicular to the thorax at a rate of 2 N/s until
the calf demonstrated an avoidance reaction, either by moving
away, kicking, or a sharp movement of the head. As soon as
an avoidance reaction was noticed by the operator the pressure
algometer was removed. To minimize bias, the operator did not
view the screen of the algometer until after the test was complete.
If there was no avoidance reaction once the force reached 25N
(the upper limit of the accurate force range), as observed by an
assistant, the test was stopped to avoid any damage to soft tissues.
This procedure was repeated three times at the first site by the
first operator with a 30 s gap between each application. Then after
a 30s gap, the second operator carried out the procedure three
times in the same manner.

The procedure was then repeated for each of the measurement
sites in sequential order with the same order of operators.

If the calf became unsettled during the procedure and would
not stand without restraint that would be likely to impede
voluntary movement, then the calf would firstly be moved for
example to the other side of the pen, and if it still would not stand
the procedure was abandoned.

Data Analysis
All data were entered onto a spreadsheet (Excel 2010, Microsoft)
and then imported into Stata 15 for analysis (Statacorp).

The number of occasions where test results were excluded
due to the algometer slipping off the correct site was recorded
in addition to the mechanical nociceptive threshold (MNT) at
each site. The data regarding whether the probe slipped were
categorized according to whether the test site was over a rib
or over an intercostal space. The relative risk ratio for the
algometer slipping off a test site over a rib compared to over an
intercostal space was calculated and a Fisher’s exact test was used
to determine significance.

A multivariable mixed effects model which accounted for
censoring was implemented in Stata 15 using the metobit
function with MNT as the outcome. Side of thorax, site, operator
and test number (whether the measurement was taken at the
first, second, or third application of the pressure algometer)
were initially included as independent categorical variables; and
age of calf in days was included as an independent continuous
variable. It was considered possible that readings for MNT could
be clustered within operator, however since there were only two
operators we cannot report an overall operator effect that is
applicable to a population of operators, therefore operator was
considered as a fixed effect. The model also included calf identity
as arandom effect. A backwards stepwise model building strategy
using likelihood ratio testing was employed to determine which
variables would remain in the final model. Variables with P <
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threshold on calves’ thoraces.

FIGURE 1 | llustration showing approximate location of six sites used to test repeatability and feasibility of pressure algometry for measuring mechanical nociceptive

0.1 in the initial model were considered for inclusion in the
final model.

Intra-operator reliability between the measurements taken at
each site, and inter-operator reliability between each operator’s
mean of the three measurements taken at each site, were
assessed using intra-class correlation coefficients (ICCs). For
both, ICC estimates and their 95% confident intervals were
calculated based on absolute-agreement using 2-way mixed-
effects models. Both individual and average ICC’s are reported.
For intra-operator reliability k = 3, individual ICCs indicate
the reliability between each of the individual tests on one
calf whereas the average ICC’s indicate the reliability of
the mean of the three tests in each calf compared to all
other calves. For inter-operator reliability k = 2, individual
ICCs indicate the reliability between the two operators when
testing the same calf at the same site, whereas average ICC
indicates the reliability between operators for all calves at the
same site.

Intra-class correlation coefficient values <0.5 were considered
to be indicative of poor reliability, from 0.5 to 0.74 moderate
reliability, from 0.75 to 0.9 good reliability, and >0.9 excellent
reliability (19).

RESULTS

Thirty-six calves were initially enrolled in the study. The median
age of the calves was 41 days (Interquartile range = 25.5-55

10

No. of calves
5
L

2-4 weeks 4-6 weeks 6-8 weeks 8-10weeks 10-12 weeks
Age

FIGURE 2 | Distribution of ages of calves included in the study.

days) (Figure 2). One calf was excluded as its constant movement
meant it was not possible to obtain readings.

Feasibility of Pressure Algometry

It was apparent after carrying out pressure algometry on five
calves that it was problematic obtaining readings at site 5 (over
the dorsal aspect of the 9th rib, Figure 1). Due to the rounded
nature of the rib at this site the operators found it impossible to
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TABLE 1 | MNT readings taken from the thoraces of calves that exceeded the
25N upper limit of the pressure range used in this study, or that were excluded for
probe slippage during testing.

Site Operator A Operator B
No. of readings No. of readings No. of readings No. of readings
excluded for >25N excluded for >25N
slipping slipping
1 26 (24.8%) 1(1.0%) 13 (12.4%) 2 (1.9%)
2 0 0 1(1.0%) 0
3 16 (15.2%) 3 (2.9%) 3 (2.9%) 1(1.0%)
4 2 (1.9%) 5 (4.8%) 1(1.0%) 2 (1.9%)
6 0 3 (2.9%) 0 3 (2.9%)

Findings are displayed according to which operator carried out the test and which
sampling site they occurred at.

apply force without the tip of the algometer slipping off the rib
into the intercostal space. Therefore, any readings collected at this
site were excluded on grounds of feasibility from further analysis
and no further pressure algometry was carried out at this site.

In total, the pressure algometer slipped oft the remaining test
sites on 62/1050 (5.9%) occasions, and any readings collected in
these instances were excluded from further analysis.

The greatest number of readings that were inadmissible for
this reason was at site 1 where 26/105 (24.8%) of the readings
taken by operator A and 13/105 (12.4%) of the readings taken
by operator B slipped off the intended site (Table 1). There were
significantly more exclusions for slipping on sites located over
a rib (sites 1 and 3). The relative risk for at least one test per
calf carried out over a rib slipping was 0.69; whereas the relative
risk of slipping when testing over an intercostal space was 0.09.
Therefore, the risk ratio for slipping when testing over a rib
compared to over an intercostal space was 8.0 (P < 0.001).

On 20/1050 (1.9%) of occasions the force applied reached
25N. The pressure algometer was removed at this point, the
reading was recorded as 25.1 N and included in further analysis
(Table 1).

Calves reacted to the pressure algometer in different ways.
For example, some calves reacted to the pressure by lifting
a leg (either fore-limb or hind-limb), whilst others turned
or lifted their head or moved away. Videos 1-3 in the
Supplementary Materials illustrate these three variations.

Range of MNT Values in Healthy Calves
After exclusions there were 988 MNT readings. The mechanical
nociceptive threshold (MNT) ranged from 1.2N to >25N
(median = 10.1 IQR = 7.1-14.0) (Figure 3).

A metobit model was fitted with MNT as the outcome, after
backwards stepwise elimination, operator, site, and calf identity
remained as significant variables affecting MNT. Sites 2, 4, and
6 (sites overlying intercostal spaces) were associated with higher
MNT readings than sites 1 and 3 (sites overlying ribs). Operator
B recorded lower MNT’s compared to operator A (Table 2).
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FIGURE 3 | A Tukey boxplot displaying mechanical nociceptive threshold at
five sites of the thorax of 35 calves measured by pressure algometry.

TABLE 2 | Results from a multivariable mixed effects model accounting for
censoring (metobit), showing that the site at which the pressure algometer was
applied, the operator and calf identity significantly affected the MNT measured
over the thoraces of calves.

Variable Coefficient 95% CI P-value
Site 1 Reference

Site 2 1.47 0.52-2.41 0.002
Site 3 0.18 -0.78-1.15 0.709
Site 4 2.08 1.13-3.08 <0.0001
Site 6 2.84 1.89-3.78 <0.0001
Operator B compared to A —1.36 —1.95-0.78 <0.0001

Calf identity variance estimates = 5.41 (95% Cl = 3.17-9.24) P < 0.001.
Intraclass correlation coefficient = 0.198 (95%Cl = 0.13-0.30).

Reliability of MNT Values in Healthy Calves

Reliability within operator between the measurements taken at
each site was assessed using intra-class correlation coefficients
(Table 3). When considering the individual ICCs, a moderate
correlation was demonstrated by operator B at sites two and six of
0.56 (95% CI0.36-0.73) and 0.50 (95% CI 0.3-0.68), respectively;
however, all other individual ICCs were poor indicating that
the three measurements were inconsistent. The average ICCs
were generally higher, the highest reliabilities were recorded by
operator B at sites two and six (0.79 95% CI 0.63-0.89 and 0.75
95% CI 0.56-0.87) which can be considered good, all other ICCs
were moderate or poor (Table 3).

Inter-operator reliability was assessed using ICCs carried
out on the mean of the three measurements taken at each
site. Individual ICCs showed correlation between operators was
moderate or poor at all sites when comparing measurements
taken from a single calf. However, when considering data from
all calves, average ICCs were good at sites two and six: 0.77 (95%
CI0.35-0.90) and 0.77(95% CI 0.54-0.88), respectively (Table 4).

Frontiers in Veterinary Science | www.frontiersin.org

July 2020 | Volume 7 | Article 442


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Williams et al.

Pressure Algometry of Calves

TABLE 3 | Intra-operator reliability for MNT measured using pressure algometry
over the thoraces of calves.

Site Operator Number of Individual ICC Average ICC Prob > F
calves (95% CI) (95% CI)
included

1 A 18 0.29 (0.24-0.60)  0.56 (0.07-0.81) 0.017
1 B 25 0.43(0.18-0.67)  0.70(0.40-0.86)  <0.001
2 A 35 0.48 (0.28-0.67)  0.73(0.54-0.86)  <0.001
2 B 34 0.56 (0.36-0.73)  0.79(0.63-0.89)  <0.001
3 A 24 0.39(0.13-0.64)  0.65 (0.31-0.84) 0.001
3 B 32 0.22 (0.02-0.45)  0.45 (0.05-0.71) 0.016
4 A 33 0.48 (0.28-0.67)  0.74 (0.54-0.86)  <0.001
4 B 34 0.17 (-0.02-0.41) 0.39 (-0.06-0.67)  0.042
6 A 35 0.48 (0.28-0.67)  0.74 (0.54-0.86)  <0.001
6 B 35 0.50 (0.30-0.68)  0.75(0.56-0.87)  <0.001

Individual ICC shows reliability between each of the individual tests on one calf; and
Average ICC shows the reliability of the mean of the three tests in each calf compared
to all other calves. Where the algometer had slipped off the test site on one test the calf
was excluded from analysis for the relevant operator and site.

TABLE 4 | Inter-operator agreement for mean MNT calculated from three serial
measurements using pressure algometry over the thoraces of calves.

Site Number of Individual ICC Average ICC Prob > F
calves (95% CI) (95% CI)

1 14 0.54 (0.08-0.82) 0.70 (0.14-0.90) 0.010

2 34 0.63 (0.21-0.83) 0.77 (0.35-0.90) <0.001

3 21 0.39 (—0.05-0.70) 0.56 (—0.10-0.82) 0.039

4 32 0.40 (0.04-0.66) 0.57 (0.07-0.79) 0.002

6 35 0.62 (0.37-0.79) 0.77 (0.54-0.88) <0.001

Individual ICC shows agreement between operators when testing the same calf at the
same site. Average ICC shows the agreement between operators for all calves at the
same site. Where the algometer had slipped off the test site on one test the calf was
excluded from analysis for the relevant site.

DISCUSSION

This study identified two sites (site 2- over the 6th intercostal
space and site 6- over the 9th intercostal space, Figure 1) on a
calf’s thorax that may be suitable for indicating thoracic pain
sensitivity by taking three serial measurements using pressure
algometry. The study also identified sources of variation in
measurements (calf and operator) that should be considered
before using this procedure for clinical or research purposes.
Therefore, if comparisons of tests were made within calf (for
example before and after an intervention), at sites 2 and 6,
and a single operator performed all tests, uncertainty around
measurement error could be minimized.

Feasibility of Pressure Algometry in Calves
There was unexpected difficulty in carrying out the testing at
sites 1, 3, and 5 which overlay a rib. Operators found that the
probe could slip off the rib making it impossible to apply even
pressure when this occurred. It is possible that exclusion of this
data reduced study power for sites 1 and 3 and contributed to the

reduced reliability we found for the method at these sites. The
problem was most pronounced at site 5 over the 9th rib which
had to be excluded all together. This was thought to be due to
the rib surface being more curved than the 6th rib (sites 1 and
3). The problem of the probe slipping may be less pronounced
in older calves and adults where the ribs are larger, and different
probe sizes may also perform differently. However, this problem
would preclude sites overlying a rib in calves under 12 weeks of
age being utilized for pressure algometry using the same hand-
held algometer with the same probe in future studies or clinical
work. A small number of readings (1.9%) reached the maximum
limit of the algometer’s accurate range, meaning that data had
to be right censored in these cases. It was unclear whether these
high values occurred due to observers missing calf responses, or
whether responses were truly absent.

Range of MNT Values in Healthy Calves
Operators found that there was wide variation in calf behavior
and reactions. Some calves showed an obvious avoidance reaction
while in other cases it was more subtle. A range of avoidance
reactions was demonstrated including a head turn or leg lift.
This variation between calves was demonstrated by the model
results which showed 19.8% of variation was attributable to
the calf identity. It was unclear whether this difference was
truly due to difference in sensitivity threshold; or resulted from
behavioral differences or operator technique. It may be that
testing other body sites where a more definite criteria for a
response could be set would yield more reliable results, for
example considering a leg lift as an endpoint when testing limbs
(16) or a head movement when testing horn buds (7). Operator
and site were also factors affecting the range of MNT values
measured. Operator B recorded significantly lower MNT than
operator A, —1.36 newtons 95% CI (—1.95- —0.78). In common
with a previous study using algometry (17), we found inter-
observer differences indicating that for comparative testing, a
single operator should be used. The time taken to apply a
single test is a matter of a few seconds as pressure is increased
by 2 N/s. Small differences in operator reaction times would
be detected in the MNT data and could explain the variation
between operators.

Previous studies have demonstrated that MNT varies
depending on the site of the body used. For example MNT
is greater when measured on the thoracic limbs of pigs as
opposed to the pelvic limbs and the lateral metacarpi/tarsi
compared to the dorsal (20). There have been similar findings
in cattle where the MNT was significantly higher on the lateral
aspect of the limb compared to the dorsal aspect (17). It
has been speculated that higher MNT’s are observed where
there is more soft tissue coverage (17, 21). This is consistent
with the findings of this study where MNT’s were significantly
higher in intercostal spaces (sites 2, 4, and 6) compared
to those measured at sites 1 and 3 which overlay a rib
(Table 2).

Reliability of MNT Values in Healthy Calves

Intra-operator reliability between the three measurements at a
single site on a single calf was generally poor (ICC < 0.5)
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(Table 3). However, inter-operator reliability between the mean
of the three measurements at a single site were generally better,
with moderate agreement at site 1 and good agreement at sites 2
and 6 (Table 4), indicating that a mean of three measurements
improves consistency over a single measurement. This was in
agreement with a previous study using a pressure algometer on
the legs of dairy cattle (17).

Intra-operator reliability (Table 3) showed variation between
operators A and B and the sites used. Operator B was
more reliable at measuring MNT at sites 1, 2, and 6,
whilst operator A was more reliable at sites 3 and 4.
These findings agree with MNT modeling data (Table2)
confirming that operator does influence the MNT. Testing
at sites 2 and 6 had the best intra- and inter-operator
reliability. These testing sites overlying intercostal spaces
also resulted in fewer exclusions due to the probe slipping.
Therefore, these sites are likely the best candidates for
further application.

This study was conducted using only heifers as algometry
studies in people have demonstrated gender differences in
the response (22). The age range was restricted to avoid the
neonatal period as it is recognized that human neonates
differ in their sensitivity to noxious stimulation (23). It
is unknown whether similar gender or age differences
exist in cattle and further work would be needed to
determine this.

In conclusion, in the healthy animal pressure algometry
can be a reliable tool for measuring MNT on calves’ thoraces
when applied by a single operator. Reliability of MNT
is improved by using an average of three measurements,
and by using sites 2 and 6. Further work should apply
the tool in calves affected by BRD to investigate changes
in MNT indicative of sensory changes induced by pain
or disease.

REFERENCES

1. Farm Animal Welfare Council. Farm Animal Welfare in Great Britain: Past,
Present and Future. London: Farm Animal Welfare Council (2009).

2. Delabouglise A, James A, Valarcher J-F, Haggliind S, Raboisson D, Rushton
J. Linking disease epidemiology and livestock productivity: the case of
bovine respiratory disease in France. PLoS ONE. (2017) 12:e0189090.
doi: 10.1371/journal.pone.0189090

3. Friton GM, Cajal C, Ramirez-Romero R. Long-term effects of meloxicam
in the treatment of respiratory disease in fattening cattle. Vet Rec. (2005)
156:809-11. doi: 10.1136/VR.156.25.809

4. Prunier A, Mounier L, Le Neindre P, Leterrier C, Mormeéde P, Paulmier V; et al.
Identifying and monitoring pain in farm animals: a review. Animal. (2013)
7:998-1010. doi: 10.1017/S1751731112002406

5. Meléndez DM, Marti S, Pajor EA, Sidhu PK, Gellatly D, Janzen ED, et al.
Pharmacokinetics of oral and subcutaneous meloxicam: Effect on indicators
of pain and inflammation after knife castration in weaned beef calves. PLoS
ONE. (2019) 14:1-15. doi: 10.1371/journal.pone.0217518

6. Petherick JC, Small AH, Mayer DG, Colditz IG, Ferguson DM, Stafford KJ.
A comparison of welfare outcomes for weaner and mature bos indicus bulls
surgically or tension band castrated with or without analgesia: 2. Responses
related to stress, health and productivity. Appl Anim Behav Sci. (2014) 157:35-
47. doi: 10.1016/j.applanim.2014.05.005

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

The animal study was reviewed and approved by the University
of Liverpool Veterinary Research Ethics Committee (reference
VREC 369). Research was carried out under Project License
PPL708757 issued by the UK Home Office under the Animals
(Scientific Procedures) Act 1986. Written informed consent was
obtained from the owners for the participation of their animals
in this study.

AUTHOR CONTRIBUTIONS

HW, AG, and JD contributed conception and design of the study.
HW and AG performed the statistical analyses and wrote the
first draft of the manuscript. DG-W was consulted for revision
of statistical analyses. All authors were involved in conducting
the study, collecting the data, contributed to manuscript revision,
read, and approved the submitted version.

FUNDING

This study was funded by the University of Liverpool Institute of
Veterinary Science.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fvets.
2020.00442/full#supplementary-material

7. Heinrich A, Duffield TE Lissemore KD, Millman ST. The effect of
meloxicam on behavior and pain sensitivity of dairy calves following
cautery dehorning with a local anesthetic. J Dairy Sci. (2010) 93:2450-7.
doi: 10.3168/jds.2009-2813

8. Coetzee JE Shearer JK, Stock ML, Kleinhenz MD, van Amstel SR. An
update on the assessment and management of pain associated with lameness
in cattle. Vet Clin North Am Food Anim Pract. (2017) 33:389-411.
doi: 10.1016/j.cvfa.2017.02.009

9. Gleerup KB, Andersen PH, Munksgaard L, Forkman B. Pain
evaluation in dairy cattle. Appl Anim Behav Sci. (2015) 171:25-32.
doi: 10.1016/j.applanim.2015.08.023

10. Jones DH, Kilgour RD, Comtois AS. Test-retest reliability of pressure pain
threshold measurements of the upper limb and torso in young healthy women.
J Pain. (2007) 8:650-6. doi: 10.1016/].JPAIN.2007.04.003

11. Pairis-Garcia MD, Johnson AK, Stalder KJ, Karriker LA, Coetzee JE, Millman
ST. Measuring the efficacy of flunixin meglumine and meloxicam for lame
sows using nociceptive threshold tests. Anim Welf. (2014) 93:2100-10.
doi: 10.7120/09627286.23.2.219

12. Musk GC, Murdoch FR, Tuke J, Kemp MW, Dixon M]J, Taylor PM. Thermal
and mechanical nociceptive threshold testing in pregnant sheep. Vet Anaesth
Analg. (2014) 41:305-11. doi: 10.1111/vaa.12103

13. Fitzpatrick CE, Chapinal N, Petersson-Wolfe CS, DeVries TJ, Kelton DF,
Duffield TE et al. The effect of meloxicam on pain sensitivity, rumination

Frontiers in Veterinary Science | www.frontiersin.org

July 2020 | Volume 7 | Article 442


https://www.frontiersin.org/articles/10.3389/fvets.2020.00442/full#supplementary-material
https://doi.org/10.1371/journal.pone.0189090
https://doi.org/10.1136/VR.156.25.809
https://doi.org/10.1017/S1751731112002406
https://doi.org/10.1371/journal.pone.0217518
https://doi.org/10.1016/j.applanim.2014.05.005
https://doi.org/10.3168/jds.2009-2813
https://doi.org/10.1016/j.cvfa.2017.02.009
https://doi.org/10.1016/j.applanim.2015.08.023
https://doi.org/10.1016/J.JPAIN.2007.04.003
https://doi.org/10.7120/09627286.23.2.219
https://doi.org/10.1111/vaa.12103
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Williams et al.

Pressure Algometry of Calves

14.

15.

16.

17.

18.

19.

20.

time, and clinical signs in dairy cows with endotoxin-induced clinical mastitis.
J Dairy Sci. (2013) 96:2847-56. doi: 10.3168/jds.2012-5855

Dyer RM, Neerchal NK, Tasch U, Wu Y, Dyer P, Rajkondawar PG. Objective
determination of claw pain and its relationship to limb locomotion score in
dairy cattle. ] Dairy Sci. (2007) 90:4592-602. doi: 10.3168/jds.2007-0006

Ley SJ, Waterman AE, Livingston A. Measurement of mechanical thresholds,
plasma cortisol and catecholamines in control and lame cattle: a preliminary
study. Res Vet Sci. (1996) 61:172-3. doi: 10.1016/S0034-5288(96)90096-X
Cutler JHH, Cramer G, Walter JJ, Millman ST, Kelton DF. Randomized
clinical trial of tetracycline hydrochloride bandage and paste treatments for
resolution of lesions and pain associated with digital dermatitis in dairy cattle.
J Dairy Sci. (2013) 96:7550-7. doi: 10.3168/jds.2012-6384

Raundal PM, Andersen PH, Toft N, Forkman B, Munksgaard L, Herskin
MS. Handheld mechanical nociceptive threshold testing in dairy cows - intra-
individual variation, inter-observer agreement and variation over time. Vet
Anaesth Analg. (2014) 41:660-9. doi: 10.1111/vaa.12159

McGuirk SM, Peek SF. Timely diagnosis of dairy calf respiratory disease
using a standardized scoring system. Anim Heal Res Rev. (2014) 15:145-7.
doi: 10.1017/S1466252314000267

Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation
coefficients for reliability research. J Chiropr Med. (2016) 15:155-63.
doi: 10.1016/j.jcm.2016.02.012

Nalon E, Maes D, Piepers S, Taylor P, van Riet MM, Janssens

GP, et al. Factors affecting mechanical nociceptive thresholds in

21.

22.

23.

healthy sows. Vet Anaesth Analg. (2016) 43:343-55. doi: 10.1111/vaa.
12313

Pongratz U, Licka T. Algometry to measure pain threshold in the horse’s
back - an in vivo and in vitro study. BMC Vet Res. (2017) 13:1-8.
doi: 10.1186/s12917-017-1002-y

Girotti G, Trevisan C, Fratta S, Toffanello ED, Inelmen EM, Manzato
E, et al. The impact of aging on pressure pain thresholds: are men less
sensitive than women also in older age? Eur Geriatr Med. (2019) 10:769-76.
doi: 10.1007/541999-019-00207-y

Goksan S, Hartley C, Emery F, Cockrill N, Poorun R, Moultrie F, et al. fMRI
reveals neural activity overlap between adult and infant pain. Elife. (2015)
4:¢06356. doi: 10.7554/eLife.06356

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Williams, Duncan, Grove-White, Mahen and Gillespie. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Veterinary Science | www.frontiersin.org

July 2020 | Volume 7 | Article 442


https://doi.org/10.3168/jds.2012-5855
https://doi.org/10.3168/jds.2007-0006
https://doi.org/10.1016/S0034-5288(96)90096-X
https://doi.org/10.3168/jds.2012-6384
https://doi.org/10.1111/vaa.12159
https://doi.org/10.1017/S1466252314000267
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1111/vaa.12313
https://doi.org/10.1186/s12917-017-1002-y
https://doi.org/10.1007/s41999-019-00207-y
https://doi.org/10.7554/eLife.06356
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Repeatability and Feasibility of Pressure Algometry for Quantifying Mechanical Nociceptive Threshold in the Thoracic Region of Calves
	Introduction
	Materials and Methods
	Case Selection and Randomization
	Site Selection and Identification, and Order of Testing
	Use of the Algometer
	Data Analysis

	Results
	Feasibility of Pressure Algometry
	Range of MNT Values in Healthy Calves
	Reliability of MNT Values in Healthy Calves

	Discussion
	Feasibility of Pressure Algometry in Calves
	Range of MNT Values in Healthy Calves
	Reliability of MNT Values in Healthy Calves

	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


