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Abstract

Pain monitoring and diagnosis are crucial in seeking to improve animal welfare. This pilot study
aimed to investigate the impact of long hours observation on pain assessment and the intra-
observer reliability in piglets using video recording. A total of ten piglets, five from the control
group (sham castration; pain-free) and five from the pain group (surgical castration; pain-state),
were video-recorded immediately post-castration. The videos were randomised and assessed by
an experienced observer using the Unesp-Botucatu Pig Composite Acute Pain Scale (UPAPS).
The same ten videos were watched at three different times (trial initiation, half-way point, trial
termination) with a four-week interval between them.During the four-week interval periods, the
observer watched an additional 360 videos from another study to simulate long observation
periods. For the pain group, no differences were found in the post hoc test for the UPAPS total
score, and most of the UPAPS items. In contrast, for the control group, the UPAPS total score
was higher at the half-way time-point, and no differences were found betweenUPAPS items. The
intra-class correlation coefficient (ICC) inferred ‘very good’ intra-observer reliability for UPAPS
total score in all time-points of assessment for both groups. Video-recorded pain assessment is a
reliable method to assess pain in piglets given that observation duration for pain assessment had
only minimal impact on the UPAPS total score, and no differences were found among most of
the items. From an animal welfare standpoint, video-recorded pain assessment is a non-invasive
method, that can be an additional asset for pain research.

Introduction

Pain assessment methods are used widely across veterinary medicine in diverse study designs to
improve animal welfare by objectively assessing and diagnosing pain across multiple species
(McLennan 2018; Vullo et al. 2020; Evangelista et al. 2021; Tomacheuski et al. 2023a). In 2023,
the first behavioural pain assessment tool, the Unesp-Botucatu Pig Composite Acute Pain Scale
(UPAPS), was validated for use in piglets through observable behaviours, using a scoring system
to quantify pain levels, and a cut-off point for indication of analgesia (Robles et al. 2023). This is a
critically important tool to evaluate the effect of invasive procedures performed in livestock and
for the US swine industry as it can be used in various settings by pharmaceutical companies to
validate analgesic drug efficacy in swine and pursue product approval through the US Food and
Drug Administration (Wagner et al. 2020).

Video-recorded pain assessment is a non-invasive method to observe and assess behaviour
where animals are filmed at different time-points, and videos are later assessed by observers
(Brondani et al. 2011; Oliveira et al. 2014; Luna et al. 2020; Silva et al. 2020; Belli et al. 2021;
Haddad Pinho et al. 2022). There are advantages to the video-recorded pain assessment as it
can reduce bias from human-animal interaction, it can be rewatched multiple times and can be
checked for reliability (Mokkink et al. 2018, 2020; Tomacheuski et al. 2023a). However,
assessing pain via pre-recorded video is laborious and requires long observation periods,
and there are limitations of observing pain on video, which requires picking up subtle
behaviours and therefore to be highly attentive, compared to when observing simpler behav-
iours such as location or posture (Robles et al. 2023; Tomacheuski et al. 2023b). For example, in
a recent study of pain assessment in cattle (Tomacheuski et al. 2023b), researchers observed
over 4 h of video (95 videos) for one project over a period of onemonth, not taking into account
additional time needed to input data or rewatch video segments. To date, there have been no
studies evaluating whether observation duration influences the reliability and consistency of
pain assessment in swine using pre-recorded videos. The aim of this study therefore was to
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investigate the impact of observation duration on pain assessment
and the intra-observer reliability in castrated piglets using video
recording.

Materials and methods

Ethical approval

This study was approved by the Institutional Animal Care and
Use Committee of North Carolina State University (IACUC
protocol: 20-113-01). In the US, piglet castration without anaes-
thetic or analgesia is permitted as part of standard production
practices, with no legislation mandating pain relief. The Ameri-
can Veterinary Medical Association (AVMA) recommends per-
forming the procedure between 2 and 14 days of age (AVMA
2025). This study was part of a larger experiment that was
conducted by Lopez-Soriano et al. (2022) from January to March
2021 at a commercial swine breeding facility located in the
Southeastern United States.

Study animals

A subset of ten LargeWhite × Duroc cross male piglets enrolled in a
larger study conducted previously (Lopez-Soriano et al. 2022) were
selected to be included for this dataset. Ten piglets, from different
litters, between 2–8 days (± 4 days) of age, were housed with sows
on fully slatted and tunnel-ventilated farrowing rooms and ran-
domly assigned to one of two groups: (1) Pain (n = 5 piglets
surgically castrated; pain state); or (2) Control (n = 5 piglets han-
dled but not castrated; pain-free).

Surgical procedure

The procedure was executed by a caretaker who had over ten years
of experience performing castration. The piglets enrolled in the
Pain group were picked up from the farrowing crate, held indi-
vidually on the experimenter’s lap, positioned in dorsal recum-
bency, and subjected to two vertical incisions using a scalpel blade.
Following the incision, the testicles became visible, at which point
the spermatic cords were incised and the testicles fully extracted
through traction. After the procedure they were returned to the
farrowing crate. To replicate similar handling circumstances, a
simulated castration procedure was performed on the Control
group. This involved lifting the piglets, holding them individually,
placing them in dorsal recumbency, and the same caretaker
responsible for the surgical castration applying pressure to the
scrotal region (Lopez-Soriano et al. 2022).

Observer training

The observer (RMT) has experience with farm animal pain assess-
ment and underwent training previously to learn how to assess pain
using the Unesp-Botucatu Pig Composite Acute Pain Scale
(UPAPS; Table S1 [see Supplementary material]) for piglets. The
UPAPS is a species-specific behavioural scale that quantifies pain,
and presents a cut-off point for indicating the need for analgesic
intervention (https://animalpain.org/en/porcos-dor-en/). Two
training sessions were conducted during which the observer par-
ticipated in a 2-h presentation on the pain scale that included video
examples for each pain scale item. Following this training, RMT
watched and scored ten videos (not part of this study) over a period
of a week and scores were compared to an experienced researcher in
pig pain assessment (MLS) for inter-reliability using inter-class
correlation coefficient (ICC). The observer was permitted to con-
tinue with the study if an ICC ≥ 0.90 was achieved. The observer
achieved an ICC of 0.93 after the training.

Video recording and pain assessment

The animals were recorded using high-definition cameras (Sony
HDR-CX405; New York, NY, USA), installed to the back of the
farrowing crate using zip ties, angled at 45° facing the heating mat.
One camera was used per crate. To determine the video observation
duration effect over time, RMT completed two behavioural data-
sets. RMT was masked to the procedure and groups. The first
dataset included ten videos of pain and pain-free piglets previously
described in the methodology. Each video had a duration of 4 min,
totalling 40min of video-recordings. These videos were all observed
within a day, at three time-points: trial initiation; half-way point;
and trial termination, each separated by a four-week interval. At
each time-point, the videos were randomised differently. A second
dataset comprised of 360 videos (4min per video = 1,440min) from
an external swine castration project was used to mirror long obser-
vation periods, those videos were observed to assess pain using
UPAPS. Following video observation of the ten videos at trial
initiation, 180 videos were observed over a four-week period. The
ten videos from the first dataset were then re-watched at the half-
way point and the remaining 180 videos were observed over a four-
week period for a total of 1,560 min of behavioural assessment
(Figure 1).

Statistical analysis

Statistical analyses were performed in R software, using the integrated
development environment RStudio (Version 4.1.0; 2021-06-29;

Figure 1. Timeline of video-recorded assessment of piglets using the Unesp-Botucatu Pig Composite Acute Pain Scale (UPAPS).
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RStudio Inc). The functions and packages used are presented in the
format ‘package::function’ corresponding to the computational pro-
gramming language in R. A significance level of P≤ 0.05 and tendency
of 0.05 < P ≤ 0.10 were considered for all tests. All figures were built
with a palette of colours readily distinguishable by people with com-
mon forms of colour blindness (ggplot2::scale_colour_viridis_d).

Modelling was conducted to analyse the consistency among the
three time-points of assessment. Then, a multilevel negative bino-
mial model (lme4::glmer.nb) was conducted using UPAPS total
score as the response variable. Bonferroni was used for adjusting the
multiple comparisons in the post hoc test (lsmeans::lsmeans and
multcomp::cld). An additional model was built after deleting out-
liers (i.e. observations with UPAPS total score higher than average
plus three standard deviations) for each time-point in each group.

The intra-class correlation coefficient (ICC), two-way random
effects model, agreement type among single observer and measure-
ments, and its 95% confidence interval (irr::icc) were used to
evaluate the intra-observer reliability for all variables. The inter-
action between time-points and treatment groups was used as an
explanatory variable and video identification was included as ran-
dom effect. The interpretation of ICC was ‘very good’ 0.81–1.0;
‘good’ 0.61–0.80; ‘moderate’ 0.41–0.60; ‘reasonable’ 0.21–0.4; and
‘poor’ ≤ 0.2 (Altman 1991). The dataset can be found as part of the
Supplementary material.

Results

For the pain group, no differences were found in the post hoc test
for the UPAPS total score, and most of the UPAPS items. How-
ever, UPAPS total scores were higher at the half-way point than
trial termination time-point for the control group (Figure 2). The

UPAPS total scores without the outliers can be found in Figure S1
(see Supplementary material), and for each video and each assess-
ment over time-points in Figure S2 (as above).

The UPAPS total score, items ‘posture’, ‘interaction and interest
in the surroundings’, and subitem ‘the head is below the line of
the spinal column’ had very good intra-observer reliability over the
three time-points of video-recorded assessment (Table 1). The
other UPAPS items ‘activity’, ‘attention to affected area’ and ‘mis-
cellaneous behaviours’ varied from very good to moderate intra-
observer reliability (Table 1).

Table 2 depicts the mean score for each item and subitem of
UPAPS when analysing the pain group. Overall, the means for each
item and subitem did not differ between time-points of assessment.
However, themeanUPAPS score for ‘attention to affected area’was
higher at the half-way point than at the trial initiation time-point
(Table 2).

Table 3 depicts the mean score for each item and subitem of
UPAPS when analysing the control group. Overall, the means for
each item and subitem did not differ between time-points of
assessment. However, the mean UPAPS total score was higher at
the half-way point than at the trial termination time-point
(Table 3).

Discussion

Pain assessment is a critical aspect for safeguarding on-farm pig
welfare as it allows for timely intervention and appropriate pain
management for routine production procedures. This is the first
study to investigate the impact of long hours observation duration
on video-recorded assessment. The original study which developed
the UPAPS (Luna et al. 2020) also evaluated 180 videos in total for

Figure 2. Boxplots of UPAPS total score over the three time-points of assessment for control and pain groups of ten piglets over time (trial initiation, half-way point, and trial
termination). UPAPS is the Unesp-Botucatu Pig Composite Acute Pain Scale; the black circles indicate outliers; the diamond indicates the mean; the top and bottom box lines
represent the interquartile range (25 to 75%); the bold line within the box represents the median; lowercase letters indicate a significant difference between time-points for each
treatment group.
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its validation, but the impact of the long hours was not investigated.
This study demonstrated minimal impact of the observation dur-
ation on video-recorded pain assessment method and highlights
the importance of assessing reliability over time.

As expected, the UPAPS scores were higher for the pain group
than the control group over the three time-points of assessment.
While no differences were found to the pain group UPAPS total
score even considering the two outliers at the trial termination
time-point, and among the items, only the ‘attention to affected
area’ inferred difference between time-points. Hence, in the control
group, the scores for UPAPS at the half-way point of assessment
were higher than at the trial termination time-point, but no differ-
ences were found for UPAPS items. The difference found at the
half-way point could be related to the outlier present in the assess-
ment. Those results infer that the long hours of observation have
impacted the second time-point of assessment for the control group
(pain-free piglets), but not the pain group videos. This, despite one
of the outliers from the pain group at trial termination being scored
zero, perhaps as a result of workload and observer fatigue, and the
degree of subjectivity of the instrument. One hypothesis is that the
sheer quantity of videos (180 = 1,560 min) generate visual fatigue
over fourweeks of assessment and decrease the observer’s attention.
Moreover, there is no literature investigating this. Another hypoth-
esis is that other variables, such as emotional status, attention to
detail, motivation, course workload, could have impacted the obser-
ver’s attention. Future studies should further research the possible
reasons for this impact, recording the subjective variables
(e.g. emotional status, attention, etc), adding more observers, with
different levels of experience, and testingwhether smaller quantities
of videos (50, 100, 120) would give rise to a different outcome.

Intra-observer reliability (i.e. repeatability) is an important ana-
lysis to infer if an instrument is reliable (Streiner et al. 2015;
Tomacheuski et al. 2023a). The ICC demonstrated ‘very good’

results to items ‘posture’, and ‘interaction and interest in the
surroundings’, and UPAPS total score. Those results were superior
to the first study that developed and validated the UPAPS since
their ICC for ‘posture’, ‘interaction’, and UPAPS total score ranged
from 0.88 to 0.64 (Luna et al. 2020). Moreover, this affirms the
clinical value of pain assessment videos as reliable instruments in
piglets. We would recommend that observers who evaluate a sub-
stantial number of videos conduct intra-observer reliability assess-
ments throughout different times during the entire observation
period. This helps ensure behaviours are recorded in a consistent,
reliable and uniform manner.

This pilot study has limitations, the number of observers should
be increased for future studies, with bothmale and female observers
included in the group (Tomacheuski et al. 2023a). This study was
conducted with a model of castration, future studies should be
performed with other pain models, and in a real-time observation
clinical setting. Despite this study having been conducted with a
limited number of videos (n = 10), it still found significant differ-
ences; future studies should increase the sample size, to confirm
these outcomes. Additionally, the same ten videos were rewatched
three times which could have generated a bias of recall for the
observer, although the videos were recorded and animals kept in
groups with the sows in similar conditions as the 360 videos
watched, it would make it harder for the observer to differentiate
them. Future studies should randomise the videos among the
main study to avoid recall bias. Another limitation is that the
subjective variables (e.g. fatigue, emotional status, attention to
detail, motivation, course workload, etc) were not recorded and
their impact on video assessment were not analysed. This should
be further investigated.

While several studies have used long hours observation duration
to research pain (Brondani et al. 2011; Oliveira et al. 2014; Luna
et al. 2020; Silva et al. 2020; Belli et al. 2021; Haddad Pinho et al.

Table 1. Intra-observer reliability and 95% confidence interval of items, subitems, and UPAPS total score over the three time-points of video assessment of ten
piglets

Items and subitems

Trial Initiation vs Half-
way Point

Trial Initiation vs Trial
Termination

Half-way Point vs Trial
Termination

ICC Lower Upper ICC Lower Upper ICC Lower Upper

Posture 0.97 0.90 0.99 0.99 0.95 1.00 0.96 0.84 0.99

Interaction and interest in the surroundings 0.96 0.85 0.99 0.90 0.61 0.98 0.89 0.55 0.97

Activity 0.50 –1.02 0.88 0.80 0.18 0.95 0.72 –0.15 0.93

Attention to affected area 0.72 –0.14 0.93 0.53 –0.89 0.88 0.92 0.69 0.98

A. Elevates pelvic limb or alternates the support of the pelvic limb NA NA NA NA NA NA NA NA NA

B. Scratches or rubs the painful area 0.86 0.44 0.97 0.55 –0.83 0.89 0.36 –1.59 0.84

C. Moves and/or runs away and/or jumps after injury of the affected
area

NA NA NA NA NA NA 0.64 –0.46 0.91

D. Sits with difficulty 0.66 –0.39 0.91 0.66 –0.39 0.91 1.00 1.00 1.00

Miscellaneous behaviours 0.49 –1.04 0.87 0.86 0.43 0.96 NA NA NA

A. Wags tail continuously and intensely 0.78 0.12 0.95 0.78 0.12 0.95 –0.25 –4.03 0.69

B. Bites the bars or objects NA NA NA NA NA NA 0.64 –0.46 0.91

C. The head is below the line of the spinal column 0.90 0.59 0.97 1.00 1.00 1.00 0.90 0.59 0.97

D. Presents difficulty in overcoming obstacles NA NA NA NA NA NA NA NA NA

UPAPS total score 0.94 0.76 0.99 0.88 0.51 0.97 0.88 0.51 0.97

NA represents “not available”when the number of observations was insufficient between the timepoints; ICC, intraclass correlation coefficient. Bold results represent ‘very good’ ICC. The ICCwas
defined as ‘very good’ 0.81–1.0; ‘good’ 0.61–0.80; ‘moderate’ 0.41–0.60; ‘reasonable’ 0.21–0.4; or ‘poor’ ≤ 0.2.
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2022), as yet none had ever investigated the impact of observation
duration on pain assessments. As a practical implication, this pilot
study demonstrated a minimal impact from the long hours video
assessment, and those results question how many hours should
represent the ideal approach for video-assessment in clinical and
experimental research. Future studies should investigate the opti-
mal daily hours of video assessment to mitigate the impact on
research.

Animal welfare implications

From an animal welfare standpoint, video-recorded assessment
represents a non-invasive, reliable and convenient method that
may be used for pain research, increasing the accuracy of pain
assessment evaluations and consequently improving the animal
welfare of pigs. Given that assessing pain via video recordings does
not rely uponhandling or interactingwith the animals, it is a tool that

Table 2. Mean (± SD) of items, sub-items, and UPAPS (Unesp-Botucatu Pig Composite Acute Pain Scale) total score over three time-points of assessment of piglets
in the pain group (n = 5)

Items and subitems

Time-points

Trial Initiation Half-way Point Trial Termination

Posture 3.00 (± 0.00) 3.00 (± 0.00) 2.80 (± 0.45)

Interaction and interest in the surroundings 1.80 (± 0.45) 2.20 (± 0.45) 1.60 (± 0.55)

Activity 1.00 (± 0.00) 1.80 (± 1.10) 1.40 (± 0.89)

Attention to affected area 0.60 (± 0.55)b 1.8(± 0.45)a 1.60 (± 0.55)ab

A. Elevates pelvic limb or alternates the support of the pelvic limb 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00)

B. Scratches or rubs the painful area 0.20 (± 0.45) 0.20 (± 0.45) 0.40 (± 0.55)

C. Moves and/or runs away and/or jumps after injury of the affected area 0.00 (± 0.00) 0.60 (± 0.55) 0.20 (± 0.45)

D. Sits with difficulty 0.40 (± 0.55) 1.00 (± 0.00) 1.00 (± 0.00)

Miscellaneous behaviours 1.20 (± 0.45) 1.00 (± 0.00) 1.40 (± 0.89)

A. Wags tail continuously and intensely 0.20 (± 0.45) 0.00 (± 0.00) 0.20 (± 0.45)

B. Bites the bars or objects 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00)

C. The head is below the line of the spinal column 1.00 (± 0.00) 1.00 (± 0.00) 1.00 (± 0.00)

D. Presents difficulty in overcoming obstacles 0.00 (± 0.00) 0.00 (± 0.00) 0.20 (± 0.45)

UPAPS total score 7.60 (± 0.55) 9.80 (± 1.30) 6.80 (± 4.09)

Bold highlight P ≤ 0.05.

Table 3. Mean (± SD) of items, sub-items, and UPAPS (Unesp-Botucatu Pig Composite Acute Pain Scale) total score over three timepoints of assessment of piglets in
the control group (n = 5)

Items and subitems

Time-points

Trial Initiation Half-way Point Trial Termination

Posture 0.20 (± 0.45) 0.20 (± 0.45) 0.20 (± 0.45)

Interaction and interest in the surroundings 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00)

Activity 0.00 (± 0.00) 0.60 (± 1.34) 0.00 (± 0.00)

Attention to affected area 0.20 (± 0.45) 0.40 (± 0.55) 0.00 (± 0.00)

A. Elevates pelvic limb or alternates the support of the pelvic limb 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00)

B. Scratches or rubs the painful area 0.20 (± 0.45) 0.40 (± 0.55) 0.00 (± 0.00)

C. Moves and/or runs away and/or jumps after injury of the affected area 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00)

D. Sits with difficulty 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00)

Miscellaneous behaviours 0.20 (± 0.45) 1.00 (± 0.71) 0.20 (± 0.45)

A. Wags tail continuously and intensely 0.20 (± 0.45) 0.20 (± 0.45) 0.00 (± 0.00)

B. Bites the bars or objects 0.00 (± 0.00) 0.60 (± 0.55) 0.20 (± 0.45)

C. The head is below the line of the spinal column 0.00 (± 0.00) 0.20 (± 0.45) 0.00 (± 0.00)

D. Presents difficulty in overcoming obstacles 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00)

UPAPS total score 0.60 (± 0.55)ab 2.20 (± 2.77)a 0.40 (± 0.55)b

Bold signifies: P ≤ 0.05.
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may be used even when labour is scarce or in research trials that may
be compromised by additional handling of the animals.

Conclusion

Video-recorded pain assessment is a reliable method for assessing
pain in piglets given that observation duration for pain assessment
hadonlyminimal impact on theUPAPS total score andnodifferences
were found among most of the items. Highly encouraging as regards
the reliability of video-recorded pain assessment for experimental
and clinical trials in piglets undergoing painful procedures and the
importance of carrying out intra-observer reliability during larger
studies. Future studies should be carried to confirm these findings.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/awf.2025.22.
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