
Abstract

Pain negatively impacts animal welfare and it is still neglected in ruminants. This original study aimed to develop and validate the
Bovine Pain Scale (BPS) for acute pain assessment in hospitalized cattle undergoing surgery. This was a blinded, randomized,
prospective clinical study. Thirty-six animals were included in the study. The Pain Group (n = 25) included patients admitted to a
veterinary teaching hospital requiring any type of soft tissue or orthopedic surgery. Videos were recorded before, 2–6 hours after
surgery, 1 hour after the administration of analgesia and 24 hours after surgery. The Control Group (n = 11) included healthy
animals that were video recorded twice within a 24-48h interval. The BPS was developed using content validity. A total of 118
videos of 6 minutes were randomized and analyzed by four raters who were unaware of groups, time-points and procedures in two
phases with a five-week interval. Statistical analysis was performed using R software. Intra and inter-rater reliability (intra-class
correlation coefficient) was very good (0.83–0.94) and ranged from good to very good, respectively (0.65–0.81). The correlation
between the BPS and the Visual Analog Scale (VAS) was strong (rho = 0.77, p < 0.0001) confirming criterion validity. Item-total
correlation was acceptable for 3 of 9 items (0.33–0.43) and internal consistency was below the acceptable value (0.6). The scale
was responsive to pain but not the administration of analgesia. It was specific for five items, but no items showed sensitivity. The
area under the curve of 0.90 demonstrated high discriminatory capacity. According to the receiver operating characteristic curve,
the cut-off point for rescue analgesia was ≥ 5 of 18. The BPS is reliable and reproducible, showed content and criterion validity, and
may be used in veterinary hospitals for assessing post-operative pain in cattle to guide decision-making towards rescue analgesia.
Future studies should refine the instrument to guarantee construct validity and sensitivity.
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Introduction

Animal welfare is a social and ethical concern [1,2], and it has become a priority to improve husbandry practices [3,4]. Pain
negatively impacts animal welfare; it causes fear and suffering, and decreases productivity (e.g., weight gain, milk production,
reproductivity) [5–7]. Veterinarians have a responsibility to alleviate pain in animals. Yet, farm animals are less frequently
administered analgesics when compared with companion animals [8]. A study with Canadian beef cattle producers showed that in
90% of castration, 85% of dehorning procedures and 46% of cases of dystocia, animals did not receive any analgesia [9].
Historically, beef cattle receive less analgesics than dairy cattle [10]. Although there has been an increase in the use of analgesics
and pain recognition by veterinarians working with cattle [11,12], pain management is still neglected in this species [7].

Pain scales are used for pain assessment. They need to undergo rigorous validation to ensure they are measuring what they are
supposed to measure (e.g., pain) and consequently, can be used in clinical practice [13]. Ideally, a pain scale should be applicable
to animals with different painful conditions (i.e., medical or surgical pain) as well as in different environments (i.e., hospitals, farms).
Previous work includes the Cow Pain Scale (CPS) [14], which was developed in dairy cattle with clinical pain and the UNESP-
Botucatu cattle pain scale (UCAPS) [15] that was developed in beef cattle undergoing orchiectomy in extensive farm production.
Although the UCAPS has been validated in the hospital setting, animals underwent a single procedure (orchiectomy) and were
assessed in groups and in paddocks [16]. Nevertheless, both scales are limited to the populations and scenarios in which they
were validated and cannot be generalized to a large population of animals with different types of pain. Currently, the literature is
lacking a pain assessment instrument that can be used in a variety of surgical procedures using different anesthetic and analgesic
dosage regimens in hospitalized cattle.

Objective & hypothesis
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This study aimed to develop and validate the Bovine Pain Scale (BPS) for pain assessment after surgery in cattle in the hospital
setting. The hypothesis was that the BPS is a reliable and valid instrument, that discriminates painful and non-painful individuals
and responsive to the administration of analgesia.

Materials and methods

The development and validation of the BPS was based on a clinical prospective and observational study performed at the Farm
Animal Hospital of the Centre Hospitalier Universitaire Vétérinaire (CHUV) of the Faculté de médecine vétérinaire (FMV), Université
de Montréal, a referral hospital that receives over 1000 farm animals every year. Its modern hospital is the clinical center of
reference of Quebec, Canada, offering cutting-edge diagnosis and treatment of farm animals with advanced equipment and surgery
as well as training programs. The study was approved by the institutional animal care and use committee of the Université de
Montréal (protocol 20-Rech-2065) and followed the recommendations of the COSMIN [17,18].

Animals

Forty-three animals of any sex or breed and older than 6 months were included in the study (recruitment period from July 21  2020
to January 28  2021). The Pain Group consisted of patients admitted to the CHUV requiring any type of soft tissue or orthopaedic
surgery. Exclusion criteria included systemic disease (e.g., septicaemia or animals considered critically ill requiring intensive or
immediate treatment) or severe lameness. Animals that were administered analgesics and/or sedatives up to 24h before admission
or those with medical pain were not included. The anaesthetic and analgesic protocols and treatment plan for each animal were
determined by the attending clinician on a case-by-case basis (Supplementary material Table S1). Upon arrival and admission,
each animal was assessed for eligibility. A signed written informed consent form was obtained from the owner or farm manager
before inclusion. The Control Group consisted of animals from the teaching colony of the FMV that were deemed healthy based on
history, physical examination and regular blood work.

Bovine pain scale

The preliminary version of the BPS consisted of 65 behaviours divided into 9 items in English and developed by investigators RMT,
BPM, SPLL and PVS using their personal experience, and the pain-related behaviours described in the UCAPS [15] and the Cow
Pain Scale [14]. Each item has scores 0 – normal and pain free behavior; scores 1 and 2 pain related behaviors. Content validity
was assessed by eight veterinarians with experience in bovine practice (DA, CK, MOT and five collaborators). Additionally, pain
assessment was performed in seven animals by RMT to test the feasibility of the BPS. After the calculation of content validity index
(Supplementary Material), the definitive version of the Bovine Pain Scale used in this study is presented in Table 1.

Table 1. The Bovine Pain Scale consists of nine items with inclusion of three descriptive levels. Score 0 means normal behaviours (pain free),

score 1 and 2 behaviours related to pain.

https://doi.org/10.1371/journal.pone.0323710.t001

Real-time pain assessment and video recording

Real-time pain assessment by one female veterinarian (RMT) included four and two different time-points in the Pain and Control
Group, respectively, while animals were in their single stalls. Time-points were as follows: P1, preoperatively, immediately prior to
administration of sedatives; P2, 2–6 hours after the end of surgery; P3, 1 hour after the administration of analgesic intervention if
required; P4, 24 hours after surgery in the Pain Group. In the Control group, time-points involved C1 (according to the availability of
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the animal when not involved in teaching) and C2 (24–48 hours after C1). At P3, rescue analgesia was administered if pain scores
were ≥ 5 of 10 according to the UCAPS with the agreement of the attending clinician. Rescue analgesia generally involved the
administration of an opioid (e.g., butorphanol) and/or a non-steroidal anti-inflammatory drug (NSAID).

Video recordings were performed simultaneously to real-time pain assessment using two cameras. One camera (GoPro Hero 5,
GoPro, San Mateo, CA, USA) was placed at a higher location to capture a top view of the animal while the other (Canon
PowerShot G16, 5x optical zoom lens 6.1–30.5mm, Oita, Japan) was placed in front of the stall for a frontal view of the animal. The
duration of video recordings was six minutes and the cameras were set up 15 minutes before the first evaluation time-point. For the
subsequent time-points, a 5-minute acclimation was performed. The observer was always present during acclimation and video
recording. Animals were left undisturbed for the first 3 minutes of recordings. Thereafter, the observer approached, clapped her
hands three times and then offered food (hay, silage, or dried feed) while recordings continued until the 6-minute mark. Pain
scoring was then completed using the UCAPS [15], the visual analog scale (VAS; 0–100 mm, where 0 = no pain and 100 = the
worst pain imaginable) and the BPS proposed herein.

Pain assessment using video recordings

Video recordings were randomized for pain assessment via video analysis by five experienced veterinarians who were not aware of
the group, time-point, procedure nor involved with recordings. However, surgical wounds may have been seen in some of these
videos. A Training Manual (Supplementary Material) of the BPS was provided to raters prior to video assessment. It included a
written description of each score for each behaviour/item and their respective link of a video-example (Google Drive). Videos were
made available using a virtual platform (SurveyMonkey). Each video included the two simultaneous recordings from each camera
and were presented as one video per page. The video-analysis was divided into Phase 1 and Phase 2 (Fig 1).

Fig 1. Timeline of video analysis for the validation of the Bovine Pain Scale.

https://doi.org/10.1371/journal.pone.0323710.g001

Phase 1

This phase consisted of 10 videos (5–6 min/video = approximately 1h total) from seven animals that were not included in Phase 2.
These videos were presented twice, 2 weeks apart, in a different randomized order (Part 1 and Part 2). The five raters (experienced
veterinarians) received a questionnaire with the BPS including 12 randomized questions per video (Supplementary material). Nine
questions were related to the BPS, one question presented the VAS for pain assessment as previously described and one question
on whether they believed rescue analgesia was needed. They were asked to watch each video with sound and then answer each
question. Videos could be watched as many times as needed. If any item of the BPS was not visible, raters could mark “not
possible to score”. Inter and intra-rater reliability analysis was carried out for Parts 1 and 2 using the intraclass correlation
coefficient (ICC). Raters with ICC ≥ 0.80 for intra-reliability were invited to participate in Phase 2.

Phase 2

A total of 118 videos (6 min/video = 11.8h in total), from 36 animals (Pain Group - 25 animals; Control Group - 11 animals), were
presented twice, 5 weeks apart, in a different randomization order (Phase 2; Part 1 and Part 2). Four raters (experienced
veterinarians) were included and received a link every week with 20 videos for analysis during five weeks and 18 videos during the
last week. Video assessment was performed as described for Phase 1. Raters were asked to not perform more than 1-hour of
video assessment per day to avoid fatigue.

Statistical analyses

Statistical analyses were performed by PHET using R software in the RStudio integrated development environment (RstudioTeam,
2016), using data from video analysis of Phases 1 (five raters; to test the reliability of raters to qualify for the next phase) and 2
(four raters; all time-points individually and grouped, and for both Pain and Control Groups). A p < 0.05 was considered for
statistical significance. The Shapiro-Wilk test and the Gaussian distribution according to the quantile-quantile and histograms plots
confirmed that data did not present normal distribution. Hence, nonparametric tests were carried out for analysis. Table 2 provides
a detailed description of statistical analysis. A minimum sample size of 11 subjects, with 0.80 of power and an alpha of 0.05 was
calculated, based on Spearman correlation of rho = 0.764 between the UCAPS and Cow Pain Scale (http://biomath.info/power/)
[16].
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Table 2. Statistical methods used for validation of the Bovine Pain Scale (BPS) in cattle.

https://doi.org/10.1371/journal.pone.0323710.t002

Results

Data collection was performed from July 2020 to January 2021. A total of 36 animals were included with 25 from the Pain Group
(Table 3) and 11 from the Control Group. Seven animals were excluded from Phase 2 of study because their videos were used in
Phase 1.

Table 3. Demographics and summarized history of animals included in the Pain Group.

https://doi.org/10.1371/journal.pone.0323710.t003

Intra and inter-rater reliability

Intra-rater reliability was very good for all raters (> 0.80) for the BPS total score and VAS. It varied from very good to moderate for
the BPS items (Table 4). Inter-rater reliability varied from good to very good for the BPS total score (≥ 0.65) and from good to
moderate for VAS (Table 5). The items ‘appetite’ and ‘posture when lying down’ showed the best reproducibility (0.69–0.99). Other
items varied from reasonable to good (0.22–0.83) (Table 5).
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Table 4. Intra-rater reliability of the Bovine Pain Scale, unidimensional scales and indication for rescue analgesia in the perioperative period of

cattle undergoing surgery (n = 25; Pain Group) and in healthy cows (n = 11; Control Group).

https://doi.org/10.1371/journal.pone.0323710.t004

Table 5. Inter-rater reliability of the Bovine Pain Scale, unidimensional scales, and indication of rescue analgesia in the perioperative period of

cattle undergoing surgery (n = 25; Pain Group) and in healthy cows (n = 11; Control Group).

https://doi.org/10.1371/journal.pone.0323710.t005

Exploratory factor analysis

The exploratory factor analyses determined that the BPS is bidimensional (Table 6) [24]. All items, except the two miscellaneous
behaviours, were representative in one of the dimensions.

Table 6. Loading values and eigenvalues of the Bovine Pain Scale items based on exploratory factor analysis.

https://doi.org/10.1371/journal.pone.0323710.t006

Criterion validity

The correlation between the BPS and VAS was strong with rho = 0.77 (p < 0.0001) (Fig 2), confirming concurrent criterion validity.

Fig 2. Plot correlating the scores of the Bovine Pain Scale (BPS) and the Visual Analog Scale (VAS) of perioperative period of cattle undergoing

surgery (n 

= 25; Pain Group) and in healthy cows (n = 11; Control Group).

29/07/26, 16:39 Bovine pain scale: A novel tool for pain assessment in cattle undergoing surgery in the hospital setting | PLOS One

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0323710 5/12

https://doi.org/10.1371/journal.pone.0323710.t004
https://doi.org/10.1371/journal.pone.0323710.t005
https://doi.org/10.1371/journal.pone.0323710.t006
https://doi.org/10.1371/journal.pone.0323710.g002
https://journals.plos.org/plosone/article/figure/image?size=medium&id=10.1371/journal.pone.0323710.t004
https://journals.plos.org/plosone/article/figure/image?size=medium&id=10.1371/journal.pone.0323710.t004
https://journals.plos.org/plosone/article/figure/image?size=medium&id=10.1371/journal.pone.0323710.t005
https://journals.plos.org/plosone/article/figure/image?size=medium&id=10.1371/journal.pone.0323710.t005
https://journals.plos.org/plosone/article/figure/image?size=medium&id=10.1371/journal.pone.0323710.t006
https://journals.plos.org/plosone/article/figure/image?size=medium&id=10.1371/journal.pone.0323710.t006
https://journals.plos.org/plosone/article/figure/image?size=medium&id=10.1371/journal.pone.0323710.g002
https://journals.plos.org/plosone/article/figure/image?size=medium&id=10.1371/journal.pone.0323710.g002


https://doi.org/10.1371/journal.pone.0323710.g002

Specificity and sensitivity

The BPS items ‘appetite’, ‘posture when standing’ and ‘when lying down’, ‘miscellaneous behaviours 1’, ‘interactive behaviour and
‘response to approach’ were specific (Control group data). For the total score, specificity was close to 70%. Otherwise only
‘miscellaneous behaviours’ showed sensitivity because all other values, including the total score were lower than 70% (Table 7).

Table 7. Specificity and sensitivity of the Bovine Pain Scale.

https://doi.org/10.1371/journal.pone.0323710.t007

Construct validity

Item-total correlation & Internal consistency.

‘Appetite’, ‘interactive behaviour with the environment’ and ‘activity and locomotion’ were accepted according to the interpretation of
correlation r with values between 0.3–0.7 (Table 8). The McDonald’s omega coefficient for the calculation of internal consistency
was not acceptable for any item as all values were lower than 0.65 (Table 8). However, the fact that internal consistency of the
items: ‘appetite’, ‘posture when lying down’, ‘interactive behaviour’ and ‘activity and locomotion’ reduced after their exclusion means
that they somewhat contribute to the full scale.

Table 8. Item-total correlation and internal consistency of the Bovine Pain Scale for all time-points.

https://doi.org/10.1371/journal.pone.0323710.t008

Responsiveness

The total score of the BPS was significantly higher in P2 than in P1 and P4, confirming responsiveness; however, responsiveness
was not observed after the administration of analgesia (Table 9 and Fig 3). There was no responsiveness for VAS (Table 9).

Table 9. Responsiveness of the Bovine Pain Scale (BPS), Visual Analog Scale (VAS) and rescue analgesia, between the four perioperative time-

points, showed as median (first – third quartile) (n = 25).

https://doi.org/10.1371/journal.pone.0323710.t009
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Fig 3. Box-plot of Bovine Pain Scale (BPS) total score over time-points of perioperative period of cattle undergoing surgery (n 

= 25; Pain Group) and healthy cows (n = 11; Control Group) for all raters. Time-points: P1, preoperatively, immediately
prior to administration of sedatives; P2, 2 to 6 hours after the end of surgery; P3, 1 hour after the administration of analgesic
intervention if required; P4, 24 hours after surgery; were assessed. C1, first video and assessment of animals of the control
group; C2, the second video of same animal of the control group, recorded 24-48 hours after C1. The lower and upper
bounds of the box respectively represent the first and third quartile of data; the horizontal line plus space inside the box
indicates the median; the black diamond indicates the average of each time-point data separately; black circles indicate
outlier. Different lowercase letters indicate statistical difference over the time-points (a > b); multiple comparisons were
conducted by linear mixed model with post-test corrected by Bonferroni procedure (p < 0.05).
https://doi.org/10.1371/journal.pone.0323710.g003

The phase of the study (1 or 2) did not have any significant effect on the BPS total score or VAS (Table 9 and Supplementary
Material Fig S1), whereas ‘raters’ and the number of times videos were watched affected both scales (Table 9 and Supplementary
Material Fig S2). There were significant differences between time-points for some BPS items, except for the item ‘posture when
standing’, ‘miscellaneous behaviour 2’, ‘response to approach’ and ‘activity and locomotion’.

Optimum cut-off point for rescue analgesia

The receiver operating characteristic (ROC) curve showed that scores of ≥ 5 of 18 discriminated painful vs non-painful individuals.
The resampling confidence interval > 0.90 for the Youden index was between 4.5 and 5.5, therefore score 5 is within the diagnostic
uncertainty zone, scores ≤ 4 are true negatives and ≥ 6 are true positives. The area under the curve (AUC) was 0.90 indicating a
high discriminatory capacity (Fig 4).

Fig 4. ROC curve with the diagnostic uncertainty zone for the Bovine Pain Scale (BPS).

Two-graph ROC curve, CI of 1,001 replications was used to estimate the diagnostic uncertainty zone of the cut-off point of all
raters, according to the Youden index [31,32]. The diagnostic uncertainty zone was 5; ≤ 4 indicates pain-free animals (true
negatives) and ≥ 6 indicates animals suffering pain (true positives). The Youden index ≥ 5 represents the cut-off point for the
indication of rescue analgesia.
https://doi.org/10.1371/journal.pone.0323710.g004

Discussion

The BPS is a reliable instrument to be used for pain assessment in cattle undergoing surgery in a hospital setting. The scale
incorporated five behaviours of CPS, all behaviours from UCAPS and included five new behaviours. To the authors’ knowledge, the
scale is the first to be developed in a clinical environment in cattle submitted to different surgical procedures, where the animal is
alone and inside a stall. Specificity was attained, the scale showed criterion validity and a cut-off score to guide the administration
of analgesia was identified as reported by UCAPS [15]. Because sensitivity was not adequate and some attributes of construct
validity were suboptimal, the instrument requires further refinement. This highlights how challenging pain assessment is in cattle,
especially when they are kept in individual stalls (box or tie) during the perioperative period influenced by the hospital environment,
where fear and anxiety may confound pain assessment. Furthermore, their preoperative pain condition, diversity of surgical
procedures and anaesthetic protocols may have influenced postoperative pain assessment and our results. Additionally, pain-
induced behaviours after soft tissue and orthopaedic surgery may be expressed in different forms and intensity. For example, a
single teat amputation may produce mild inflammation and can be treated with a non-steroidal anti-inflammatory drug alone.
Caesarean section, rumenotomy and enucleation may require the administration of NSAIDs, local anaesthetics and opioids. As
much as pain-induced behaviours may be presented differently and can vary with intensity and duration, the authors aimed to
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develop and validate a pain scoring instrument with wide applicability after surgery in hospitalized cattle. Future studies may target
one type of procedure, or one source of pain and results may be more appropriate using, for example, either soft tissue or
orthopaedic pain after surgery, like performed previously in beef [15] and dairy cattle [14].

The role of environment including the use of box or tie stalls with animals surrounded by unfamiliar sounds and smells is another
challenge to validate a perioperative pain assessment tool in cattle. Additionally, the transportation and handling of an animal
experiencing pain increases physiological stress [35]. The natural prey behaviour of cattle may add to the potential bias and
challenge as pain may be masked and not recognized by veterinarians. All these challenges make pain assessment a difficult
subject of study in this species.

The repeatability of BPS was very good and similar or superior to other pain scales developed for cattle [14,16,36,37]. The BPS
assessment was well reproducible as inter-rater reliability for total scores was good or very good [21] and similar to UCAPS [15].
This might be a result of training for using the BPS before the study had begun. Reproducibility was better than VAS similarly to
reported in sheep [30], showing the possible advantage of using a pain scale that includes several components of pain [38].

The exploratory factor analysis showed that the BPS is a bidimensional scale. This is the first bidimensional pain scale other than
the Unesp-Botucatu multidimensional feline pain assessment scale [23]. All other pain behaviour scales developed and validated
for cattle and other species were mathematically unidimensional [14,15]. This is an important measurement property of health
instruments [39,40] as it identifies the number of domains of a scoring instrument [34,41]. The BPS includes various expressions of
pain including physiological (appetite), sensory or motor (posture, limb movement/condition, activity) and emotional (interactive
behaviour with the environment, response to approach, activity and locomotion). Therefore, as reported for CPS [14] and UCAPS
[15], BPS is biologically multidimensional.

The criterion validity was confirmed by the strong correlation between BPS and VAS like previous studies in cattle [14,15,42].
Criterion validity is based on assessing the correlation between the new instruments versus a ‘gold standard’ [21]. The CPS and
UCAPS may be classified as ‘gold standards’ instruments because they fit the COSMIN criteria used for validation of health metric
instruments. For this reason, they were not compared with BPS [25,28,39,41], because the latter incorporated a combination of
100% of UCAPS and 37.5% of the behaviours of CPS. Comparisons with these items would lead to the overinflation of results.

The construct validity is the ability of a scale to measure what is supposed to be measured; pain in this case [21]. Sensitivity was
inadequate; only three items presented adequate item-total correlation and internal consistency was below acceptable showing that
the correlation between items and their interrelation was not appropriate. Although UCAPS had a better internal consistency and
item-total correlation [14,15], it was tested only after orchiectomy using a standard analgesic and anaesthetic protocol. The current
study was performed in a clinical setting including animals with different levels of pain and undergoing several types of surgeries,
treatments and anaesthetic protocols resulting in heterogeneous behaviours, which may have affected internal consistency. Future
studies should test the BPS in a homogenous population (animals, treatments, surgical procedures and anesthetic protocols) in an
attempt to improve the internal consistency. The results of the specificity of BPS were suboptimal and inferior to the UCAPS and
CPS [14,15], unless only the first time point of the Control group was considered. This is surprising as animals in the Control Group
were considered healthy and used for teaching. The most intriguing point was that pain scores increased at the second assessment
performed 24–48 hours after the first one with no apparent reason that could influence pain scores. This was the reason the
authors calculated specificity based on the first time point of the Control group. Specificity and sensitivity may be improved if the
BPS is tested using a more controlled study design involving animals undergoing similar surgical procedures and standardized
anesthetic and analgesic regimens. A recent study using a forest algorithm refined a pain scale and found the best pain behaviors
set [43] this methodology should be used in the future to refine the Bovine Pain Scale.

The BPS detected changes in scores over time but not analgesia. We hypothesized that responsiveness after treatment was not
detected due to inappropriate analgesic treatment or dosage regimens for the type and degree of pain. Pain management is
challenging in cattle as approved analgesic drugs are limited due to regulatory framework related to food safety. For example, the
administration of intravenous butorphanol at 0.025–0.05 mg/kg may not produce satisfactory analgesia after orthopaedic
procedures and there is a concern that other opioid analgesics may produce ileus and colic in cattle, particularly when animals are
to be discharged from the hospital [44–46]. Additionally, dosage regimens of analgesic drugs have not been determined in cattle.
Indeed, response to rescue analgesia was not observed either for UCAPS or CPS in Bos taurus (Nelore) and Bos indicus (Angus)
bulls submitted to thermal warming and orchiectomy [16], even after administration of morphine. On the other hand, the UCAPS
showed responsiveness to the administration of ketoprofen and morphine in cattle undergoing orchiectomy [15].

In contrast to the inadequate results of specificity and sensitivity of BPS, its AUC of 0.90 represents a high discriminatory ability to
differentiate painful and non-painful individuals. The optimum cut-off point, according to the ROC curve analysis [47], guides clinical
decisions for administering analgesia in hospitalized cattle undergoing surgery. The use of cut-off scores may help when pain is
unrecognized or neglected, and analgesia is required.

This study has limitations. As discussed before, the patient population was heterogeneous in intensity and type of pain, leading to
poor sensitivity, item-total correlation, and internal consistency of the BPS. However, by merging two previously validated pain
scales, the study offers a promising pain scoring system for cattle undergoing surgery with appropriate reliability and discriminatory
ability that can be refined in the future. Previous pain assessment instruments did not address this gap of knowledge as none of
them were applied to animals that had already preoperative painful conditions [14–16,36,37]. Surgical wounds may have been
observed during video assessment. Future studies should perform wound bandage/cover/dressing of a similar nature in controls or
sham animals in an attempt to blind observers during pain assessment. In addition, time of the day was not recorded during the
assessments and video recordings, future studies should address this issue, and test if circadian rhythm can affect pain scores.
This study only employed female raters during video assessment. Female veterinarians provide higher pain scores than male
individuals most likely demonstrating a higher level of empathy in some studies [48]. Although female veterinarians assumed that
small animals face more intense postoperative pain [49] and their pain scores are higher than male veterinarians [50–52], these
results are conflicting, as higher scores were observed with male than female individuals in a study in cats [53] or when gender did
not affect pain scores [54]. Finally, the majority of animals were female and of dairy breeds, hence future studies should test the
BPS in males and beef cattle breeds. Future studies using artificial intelligence could be used to to rank the importance of BPS
behaviors like performed for UCAPS [55].

Conclusions

The BPS is an instrument with potential to be used for acute pain assessment in the perioperative setting in hospitalized cattle. It
showed repeatability, reproducibility, high discriminatory ability and may guide the administration of analgesia. Future studies may
address some limitations of the present methodology, by including a greater number of cattle of a more homogenous population
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with similar types of pain (soft tissue or orthopaedic procedures) and using both male and female raters. Animal welfare is a
concern in farm animals and the BPS may contribute to better means of pain management in cattle undergoing surgery.
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