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Simple Summary: Of the following practices, which is associated with more suffering: the surgical
castration of piglets without pain control, or the extreme confinement of their mothers in gestation
crates? And how do these practices compare with the pain associated with some forms of slaughter,
with the highly prevalent fractures of the keel bone in egg-laying hens, or the chronic state of hunger
that broiler breeders typically endure? More than scientific curiosities, these questions are relevant
for the effective allocation of time and resources to policies and reforms aimed at improving farm
animal welfare. Here we describe a recently developed approach that makes these assessments pos-
sible, the Cumulative Pain metric. The approach translates evidence on the duration and intensity
of the unpleasantness (broadly referred to as ‘pain’, either physical or psychological) associated with
one or more welfare challenges into time spent in four categories of pain intensity. The use of time
in pain as a universal metric enables comparing and combining the cumulative load of negative
experiences endured over any period and provides the basis for the development of welfare foot-
prints of animal-sourced products.

Abstract: We describe a recently developed approach to quantify welfare loss in animals, the Cu-
mulative Pain metric. It combines the two most relevant dimensions of negative affective experi-
ences: intensity and duration. The metric enables estimating the time individuals spend in negative
affective states of a physical or psychological nature (operationally referred to simply as ‘pain’) of
different intensities as the result of one or more challenges (e.g., diseases, injuries, deprivations). A
new notation protocol (the Pain-Track) is used in which the duration of the experience is represented
along the horizontal axis and intensity is represented by four categories in the vertical axis. Pain
experiences are partitioned into temporal segments, where hypotheses for the experienced duration
and intensity are proposed based on existing welfare indicators (e.g., neurophysiological, behav-
ioral, anatomical, evolutionary). This structure forces transparency about assumptions and uncer-
tainties, highlights knowledge gaps, and enables estimates to be continuously adjusted. Because the
Cumulative Pain metric is based on parameters with a broadly common biological meaning, it pro-
vides the much needed interoperability among assessments of animal welfare. It enables comparing
the impact of practices and living conditions, policies and interventions, and the calculation of wel-
fare footprints of animal-sourced products using a universal measurement unit.

Keywords: animal welfare; pain; farm animals; Pain-Track; Cumulative Pain; pain assessment; wel-
fare footprint; time; interspecific comparisons

1. Introduction

Because inner mental phenomena and affective experiences are not directly accessi-
ble to measurement, decisions aimed at improving the quality of life of animals under
human custody are widely guided by indirect indicators (e.g., behavioral, neurophysio-
logical, evolutionary) and subjective assessments of their well-being [1-6]. Requirements
for minimum space allowances, enrichment, access to outdoor environments, stunning
prior to slaughter and bans of practices involving bodily mutilations all assume the pos-
sibility of inferring both the direction and magnitude of welfare that is changed by these
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provisions. The common objection to animal welfare approaches centered in the assess-
ment of affective states (the feeling school, [1]), which argues that subjective states are not
available to scientific inspection, is in fact contradictory: without assuming that, to a cer-
tain degree, one can infer the direction and extent to which practices such as the above
impact animals’ inner experiences, no prioritization of action would ever be possible.

If such inferences are made at a level that is sufficiently precise for practical matters,
much could be gained from the use of approaches that make these inferences, and their
supporting evidence, explicit. Indeed, if one accepts that the valence and magnitude of
affective experiences are an objective reality that leaves a trail of scientifically accessible
indicators, efforts to grasp this reality in a transparent and mathematically treatable man-
ner can greatly facilitate our understanding of how much good can be achieved by differ-
ent policies and interventions. Here we propose the use of a universal metric, with com-
mon biological meaning, that fulfills this purpose.

2. The Cumulative Pain metric

While several approaches have been developed to assess the welfare of farmed ani-
mals [1,5,7-9], they were not designed to capture an important element of any positively
or negatively valenced experience: its duration. Whichever their nature or origin, the ex-
perience of any affective state extends over a certain period, be it a few seconds, days,
months or years. Affective experiences will be also determined by their intensity, which
typically change over time. The Cumulative Pain metric captures both these dimensions.
It is aimed at representing the cumulative time spent in unpleasant (negative) affective
states of different intensities as a result of one or more welfare challenges (e.g., diseases,
injuries, fear, deprivations; [10]) over any period of interest, or over a lifetime.

Considering the importance, and greater urgency, of preventing animal suffering
[11-13], under which positive welfare is unlikely, the metric is focused on the quantifica-
tion of negative affective states (although the same approach could be employed to meas-
ure affective states of positive valence). We use the term ‘pain’ in its broader sense, as a
synonym of ‘negative affective state’. Physical pain is used to refer to negative affective
states of a somatic origin and includes states for which the term pain is not commonly
used, such as the unpleasantness associated with unmet physiological needs (e.g., thirst,
hunger) and certain sensory signals (e.g., cold, loud noises). Negative affective states that
are more related to the primary emotional systems [14], such as fear, anxiety, frustration,
boredom, and anger, are operationally referred to as psychological pain [15,16].

Pain intensity is estimated based on existing welfare indicators (e.g., behavioral,
physiological, neurological [1,6]), as well as knowledge of the importance of the pain sig-
nal to promote adaptive behaviors and of the pain-generating mechanisms involved in
each challenge. Pain is an influential force in evolution, a warning signal of real or per-
ceived danger that must be noticeable enough to change behavior and prevent survival
and reproduction from being compromised [14,17-19]. The greater the threat, the more
intense the signal should be [20,21]. Accordingly, more unpleasant sensations should gen-
erally be more disruptive, engaging more of the individual’s attention [19,21-24]. For ex-
ample, the degree of unpleasantness associated with severe lack of food or imminent dan-
ger should be high enough to ensure that less critical ongoing behaviors and processes are
put on hold until the threat is reduced. The same applies to endogenous threats, such as
injuries and disease, as changes in behavior (e.g., increasing resting time) are an important
part of the coordinated response to enable healing [25]. In general, behaviors that only
improve long-term fitness, such as play, should be abandoned first, as attention and re-
sources should be diverted to functions of critical value [14,25]. Higher pain intensities
should also be more disruptive for interfering with the attentional processing of other
tasks [26,27] and impairing the ability to comprehend other cues [28]. Four discrete cate-
gories of intensity are proposed (Table 1), though there is no impediment to the creation
of intermediate ones. Categories are defined using descriptors and criteria to make them
as relatable, unambiguous, and objective as possible (Table 1).
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For each welfare challenge an animal endures, the intensity of the pain experience
will typically vary over time, with periods of relative homogeneous intensity interspersed
with variations (of greater or lesser intensity) that characterize most episodes of pain.
Therefore, the period during which the pain experience lasts can be segmented accord-
ingly. For example, a hypothetical pain episode caused by a management procedure (e.g.,
a bodily mutilation) could be described as a sequence involving a few minutes of Excru-
ciating pain, followed by a few hours of Disabling pain, some days of Hurtful pain, and a
couple of weeks of Annoying pain alternated with brief moments of Hurtful pain. In this
simplified example, the Cumulative Pain endured by an affected individual as a result of
this challenge would be simply the sum of the time spent in pain of each intensity.

Table 1. Criteria defining the four discrete categories of pain intensity.

Category

Defining criteria

Annoy-
ing

Hurtful

Disabling

Excruci-
ating

Experiences of pain perceived as aversive, but not intense enough to disrupt the animal’s routine
in a way that alters adaptive functioning or affects behaviors that animals are motivated to per-
form. Similarly, Annoying pain should not deter individuals from enjoying pleasant experiences
with no short-term function (e.g., play) or positive social interactions. Sufferers can ignore this sen-
sation most of the time. Performance of cognitive tasks demanding attention are either not affected
or only mildly affected. Physiological departures from expected baseline values are not expected.
Vocalizations and other overt expressions of pain should not be observed.

Experiences in this category disrupt the ability of individuals to function optimally. The ability to
draw attention away from the sensation of pain is reduced: awareness of pain is likely to be present
most of the time, interspersed by brief periods during which pain can be ignored depending on the
level of distraction provided by other activities. Individuals can still conduct routine activities that
are important in the short-term (e.g. eating, foraging) and perform cognitively demanding tasks,
but an impairment in their ability or motivation to do so is likely. Although animals may still en-
gage in behaviors they are strongly motivated to perform (i.e., exploratory, comfort, sexual, and
maintenance), their frequency or duration is likely to be reduced. Engagement in positive activities
with no immediate benefits (e.g., play in piglets, dustbathing in chickens) is not expected. Reduced
alertness to ongoing stimuli may be present. The effect of (effective) drugs (e.g., analgesics, psycho-
tropic drugs for psychological pain) in the alleviation of symptoms is expected.

Pain at this level takes priority over most bids for behavioral execution and prevents all forms of
enjoyment or positive welfare. Pain is continuously distressing. Individuals affected by harms in
this category often change their activity levels drastically (the degree of disruption in the ability of
an organism to function optimally should not be confused with the overt expression of pain behav-
iors, which is less likely in prey species). Inattention and unresponsiveness to ongoing stimuli and
surroundings is likely to be observed. Relief often requires higher drug dosages or more powerful
drugs. The term Disabling refers to the disability caused by “pain’, not to any structural disability.

All events associated with extreme levels of pain not normally tolerated even if only for a few sec-
onds. In humans, it would mark the threshold of pain under which many people choose to take their
life rather than endure the pain. This is the case, for example, of scalding and severe burning events.
Behavioral patterns associated with experiences in this category may include loud screaming, invol-
untary shaking, extreme muscle tension or extreme restlessness. Another criterion is the manifesta-
tion of behaviors that individuals would strongly refrain from displaying under normal circum-
stances, as they threaten body integrity (e.g. running into hazardous areas or exposing oneself to
sources of danger). Attribution of conditions to this category must be done cautiously. Concealment
of pain is not possible.

3. Making hypotheses and assumptions explicit: the Pain-track tool
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To describe the proposed hypotheses about the intensity and duration of the pain
caused by each welfare challenge, we developed a visual notation tool which we refer to
as Pain-Track [29]. A blank Pain-Track is very similar to a musical staff, with horizontal
lines representing the passage of time. Pain intensity categories are vertically ordered.
Time is segmented, where each segment delimits expected changes in pain features,
chiefly intensity. Since pain experiences can unfold over a wide range of periods (from
milliseconds to years), time segments can be associated with different time units for
greater flexibility. The pain experience can be described along the temporal axis with a
simple line, as shown in Figure 1.
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Figure 1. Example of Pain-Track (in ‘path mode’) describing the temporal evolution of the pain as-
sociated with a leg fracture in a human patient. This description illustrates the use in the clinical
setting. Parameter values and justifications are available in [29], as inferred by the pediatrician and
anesthesiologist Dr. Pedro E Salinas Salazar, MD (permission granted to reproduce figure from [29]).

More often, however, particularly in the case of non-verbal individuals (as is the case of
animals), much uncertainty will be present in the attribution of intensity to one of the four
categories. Indicators of pain will be often unreliable or non-specific, with existing varia-
bility in the way pain is felt by different individuals adding to the problem. To make this
uncertainty explicit in the Pain-Track, existing evidence is used to inform a probability
that the pain belongs to each of the four categories of intensity (chance mode, Figure 3).
Probabilities can be interpreted as the weight given to the hypothesis that pain is of a
given category. If stacked cells do not add up to 100%, the remainder percentage is at-
tributed to a state of ‘no pain’. Uncertainty regarding each probability can also be repre-
sented by using a range instead of a point estimate. Likewise, uncertainty may also be
present regarding the duration of the time segments and, accordingly, be represented by
uncertainty intervals.

The structure of the Pain-Track enables organizing existing knowledge to support or chal-
lenge the values proposed. The greater the strength and quality of evidence that a given
painful state matches the criteria defining one of the intensity categories, the greater the
probability attributed to that category. For example, burn pain is recognized as one of the
most severe types of pain, comprising nociceptive, inflammatory, and neuropathic com-
ponents [30,31]. In burning and scalding accidents with people and animals, bystanders
have often reported that victims stayed conscious throughout the several minutes the ex-
perience lasted, screaming, calling for help, or trying to escape [32,33]. Similar reports ex-
ist for witnesses of punishment and torture by boiling [34,35]. Thus, assuming Excruciat-
ing pain until death or complete damage of nerve endings would not be unreasonable
[36,37]. In other cases, the only certainty is that pain is ‘not’ of a specific intensity, with no
elements to distinguish between the remaining categories (in such cases, the same proba-
bility is assigned to each of the plausible categories). In all cases, what Pain-Track authors
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do is to propose an initial hypothesis for the intensity and duration of pain in each seg-
ment of a Pain-Track, making supporting evidence and arguments readily available for
criticism. These assessments can be made more precise as knowledge becomes available,
or they can be challenged, helping drive targeted progress.

4. Case study: the welfare impact of keel bone fractures in egg-laying hens

Bone fractures are among the most serious welfare problems affecting laying hens in
modern egg production [38,39], with the keel bone (the prominent ridge that serves as the
point of attachment for the wing muscles; Figure 2) being particularly prone to damage.

Figure 2. [llustration of a typical fracture of the keel bone in a laying hen. The fractured site is located
in the caudal third of the bone, the most frequently affected region. For reference, the recreation of
a surgery with access to the fracture site is shown in color. Illustration: Olga Kurkina.

Here we focus on the pain associated with keel bone fractures to illustrate how, by
using the Pain-Track structure, knowledge from different disciplines can be organized to
formulate hypotheses about the intensity and duration of the pain associated with a chal-
lenge of interest. For simplicity, we consider the case of a fracture that heals completely, as
evidence suggests this is the most common outcome following this type of fracture [40].
The intensity and duration values proposed in Figure 3 are justified in Table 2.

PAIN-TRACK point of Inflammatory response callus
fracture i i iii formation

Excruciating

Disabling 80-100% 70-90% 40-60% 20-40%

Annoying 20-60%

duration: 0.5- 2 hours 1-2 days 1-2 days 2 -3 days 2-12 weeks

Figure 3. Pain-Track (in ‘chance mode') depicting hypotheses for the temporal evolution of the pain
of a keel bone fracture with complete healing in laying hens. The justification for parameter values
is available in Table 2. Where time units are expressed in units other than hours (days and weeks)
only the time spent awake is considered (in this example 16 hours awake/day [41]).
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Table 2. Justification for the hypotheses of intensity and duration of the pain associated with a keel bone fracture that heals
completely in egg laying hens, as described in the Pain-Track of Figure 3.

Segment Justification for the hypotheses proposed

Point of ~ Pain at this point is attributed to the activation of mechanosensitive nociceptors in the bone and

fracture surrounding tissues. In humans, this translates into a sharp and pierce pain at the time of injury
[42]. Intensity is most likely of a Disabling nature (Table 1), as pain prevents most activities and
strong analgesia is required. In mammals, the periosteum has an extremely dense sensory and
sympathetic innervation, in which most of the mechanosensory fibers activated after a fracture are
located [43]. As in mammals, it is adaptive for birds to experience intense pain during the initial
moments of a severe fracture to ensure the reduction of movement needed for healing and protect
the site from further injury. Additionally, avian and mammalian nociceptors are extremely similar
[44—-46]. Thus, we suggest that hens experience similarly acute pain. Initiation of inflamma-
tion/swelling is estimated to take 0.5-2 hours.

Inflam- After the injury, an influx of inflammatory cells to the fracture site results in the release of inflam-
matory matory mediators that cause swelling (and further pain through activation of pressor receptors)
phase (i,  and activate undamaged nociceptors [47-49]. Sensitization of the peripheral and central nervous
i, iii) systems may also lead to increased sensitivity to pain [48,49]. During the initial inflammatory

phase, which in humans peaks after 24 to 48 h [50] and lasts about seven days, bone fractures are
reported as acutely painful. Evidence for laying hens and other avian species suggests a similar
process. For example, in hens with fractured keels, the expression of inflammatory factors is in-
creased in the brain, liver, and abdominal muscle [51]. Intense pain is also adaptive at this phase: in
addition to constraining movement to facilitate healing, increased resting helps counterbalance the
greater metabolic demand [52-54]. Evidence from a model of post-fracture pain in pigeons also
suggests that this phase is very painful in birds [49]. In this study, postoperative pain was evalu-
ated for four days following osteotomy of the femur (immobilized by pins). Pigeons with no post-
surgery analgesia spent significantly less time perching, and greater time lying on the floor, on
days 1 and 2. Exploratory behavior was reduced, and resting time increased, across all days. Alert-
ness also decreased substantially. The substantial changes in behavior and alertness on day 1 are
compatible with the Disabling intensity, with intensity then gradually subsiding. However, be-
cause in hens fractures are not immobilized as in this study, pain is likely to last longer at more in-
tense levels. Also, because the keel bone anchors the wing muscles, reactivation of mechanosensory
fibers can occur even during respiratory motion [38]. As healing in birds is believed to be similar to
mammals [55], we assume the inflammatory period lasts 4-7 days before a callus starts forming.

Callus  Asinflammation decreases, pain and functional impairment subside as a callus starts to form. This

for- process is carried out by chondrocytes and fibroblasts, which are stimulated by the expression of

mation  several growth factors and other elements that promote cell proliferation and cartilage formation
[56]. These elements also participate in the activation of the painful path associated with the fracture
[57]. Pain is thus likely during callus formation and bone remodeling. Some biochemical mediators
of this process, such as members of the Bone Morphogenetic Protein (BMP) family, also have the
ability to activate pain pathways [58]. Indeed, expression of BMPs at the injury site is often linked
with persistent pain in fractured human patients. Evidence on the intensity of pain endured by birds
is more scarce. However, we tentatively suggest that pain intensity is similar to that in mammals,
subsiding gradually until bone remodeling is complete. Once a soft callus starts forming, healing
should last on average 7 weeks, as based on a radiographic evaluation [40] reporting that 85% of
keel fractures took an average of 7 weeks to heal. In this study less than 11% of complete healed frac-
tures required more than 12 weeks. Thus, we assume that a uniform range of 2 to 12 weeks should
describe the healing period for most fractures. The minimum estimate of 2 weeks is based on a radi-
ographic study that monitored healing of naturally occurring keel fractures in hens [47].
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Cumulative Pain (Figure 4, column at the right) is obtained by summing the time in pain
in each segment and pain category. To determine times in pain at each temporal segment,
probabilities in each cell (Fig.3) are multiplied by the durations of the corresponding seg-
ment (bottom rows in Fig.3). The uncertainties associated with estimated parameter values
are propagated through the model, so final estimates are presented with intervals to enable
assessment of how confident one should feel about the results.

TIME IN PAIN
point of Inflammatory response callus formation CUMULATIVE
fracture i ii i TIME IN PAIN
Excruciating
Disabling 0.5-1.8h 13-26 h 817h 7717 h 35-54 h
Hurtfu 0.06-0.3 h 2.3-8.2h 8-17 h 22-35h 200-940k 240-990 h
Annoying 98-640 h 98-640 h

Figure 4. Estimated time in pain (hours) in each time segment and pain category. Estimates are the
product of probabilities and durations as described in the corresponding cells of the Pain-Track of
Figure 3.

In those cases where many welfare challenges are experienced, we similarly assume that
cumulative pain is best represented as the sum of the time spent in pain due to each chal-
lenge [59-62]. This assumption is supported by evidence of an additive (independent) ef-
fect of multiple challenges on biological functioning, as observed in pigs [63], broilers
[64,65] and laying hens [66]. Still, non-additive effects (e.g., such as observations that early
traumatic experiences may change responsiveness to stress later in life [60,67], increasing
the likelihood of other challenges) are also accounted for, as estimates are based on em-
pirical evidence of the actual prevalence of challenges (and their symptoms) across all life
phases.

5. Cumulative Pain at the population level

Cumulative Pain is a particularly powerful tool to guide campaigns and industry
reforms when its calculation extends to the population level [41,68]. Naturally, not all
members of a population will experience every welfare challenge. For example, while in-
juries such as keel bone fractures are widespread among egg laying hens [69], events such
as fatal cannibalistic attacks are only experienced by a few individuals [69]. It will often
be through differences in the prevalence of the many welfare challenges animals encoun-
ter during their lives that their welfare will differ across production contexts, geographies
and time.

At the population level, the time spent at each level of pain intensity as a result of
each welfare challenge must be determined by considering its prevalence too. For exam-
ple, if keel bone fractures were estimated to affect 30-70% of hens in cage-free aviaries,
then the average hen in a cage-free aviary (which may not necessarily correspond to any
real individual) would be estimated to experience 50-470 hours of Annoying pain, 120-790
hours of Hurtful pain and 12-46 hours of Disabling pain due to this type of fracture (the
product between prevalence and Cumulative times in Pain shown at Fig.4). Naturally,
uncertainty and variability regarding the prevalence of challenges in the population of
interest (in this example represented by the range 30-100%) is considered too.

6. Uses of the Cumulative Pain metric

The possibility to quantify the loss of welfare experienced by animals using a com-
mon metric (time in pain of different intensities) enables the comparison of practices and
living conditions, along with the assessment of the most effective courses of action to re-
duce animal suffering. Measurements can focus on a single welfare challenge or industry
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practice (such as the surgical castration of piglets and the burden of pain avoided with
replacement of this practice by immunocastration), or encompass several harms experi-
enced under one or more contexts of interest. This enables comparing production systems
in terms of the welfare loss they typically cause, identifying hotspots of suffering and es-
timating the welfare impact of policies and reforms.

For example, the Cumulative Pain metric has been used to quantify the impact of
cage-free reforms, as measured by the total time in pain averted per hen raised in an aviary
instead of a cage [41]. By analyzing the time in pain caused by challenges such as the
deprivation of motivated behaviors, bone fractures, feather pecking and reproductive dis-
orders, the analysis found cage-free aviaries to be clearly superior (with around 60% less
time in pain of all intensities) to conventional and furnished cages [41]. In another study,
the same approach was employed to explore how adoption of programs such as the Better
Chicken Commitment and use of slower-growing breeds affect the welfare of broiler
chickens [68]. The results, which included analyses of the time in pain due to lameness,
cardiopulmonary disorders, behavioral deprivation and thermal stress, pointed to a net
positive effect of the standards on welfare, with a reduction of at least 66%, 24% and 78%
of the time in Disabling, Hurtful and Excruciating pain, respectively, relative to a conven-
tional scenario based on the use of fast-growing broiler breeds.

The Cumulative Pain metric also enables determining the welfare footprint of ani-
mal-sourced products, defined as the cumulative time in pain due to all aversive experi-
ences endured during production, per unit of animal product. To this end, it is necessary
to consider all challenges typically experienced, from birth to death, of all types of indi-
viduals involved in the production process. For example, should we wish to determine
the welfare footprint of an egg (i.e. time in pain embedded in each egg), we would need
to consider the loss of welfare of all ‘life-fates” [70] (e.g., layers, breeders, male chicks and
individuals that die before slaughter) and all production phases (from the hatchery to the
slaughterhouse). Next, estimates must be expressed in units of animal product (e.g., kilo-
grams, pounds, liters, units) by considering the proportion of individuals of each type and
their respective productivity. Through this standardization, a pound of a product will
represent, in some cases, the pain endured during only a fraction of the life of one indi-
vidual (e.g., cattle beef), while in other cases the same product weight will represent the
Cumulative Pain endured by several individuals (e.g., small fish such as the yellow cat-
fish, European perch and silver barb).

Finally, the Cumulative Pain metric also enables defining animal welfare in an em-
pirically-grounded manner, with welfare being ‘inversely proportional to the Cumulative
Pain experienced’. This definition is aligned with suffering-focused ethical views, such as
negative (or negative-leaning) utilitarianism, or any approach that considers the mitiga-
tion of suffering pivotal to welfare. Given the comprehensiveness of the concept of pain
used, it is also consistent with other approaches in the study of animal welfare, including
the classic five freedoms [10] (the more freedoms are violated, the greater the Cumulative
Pain), or concepts associated with the capacity of animals to cope with their environment
[71] (the greater the coping ability, the lower the Cumulative Pain). Yet the definition
could be expanded to include positive affective experiences too, with welfare becoming
‘inversely proportional to the Cumulative Pain and directly proportional to the Cumula-
tive Pleasure experienced’. Although the latter might be more truthful to the full range of
experiences an animal endures, and their combined contribution to well-being, its practi-
cal use is hindered by the challenges to establish the equivalence between positively and
negatively valenced states (e.g., how much time of pleasure would be necessary to com-
pensate an hour of torture-like pain?)

7. Conclusions

Time in pain is a universal metric that most people can relate to, not an abstract con-
cept. It is a parameter with a broadly common biological meaning, which provides the
much needed interoperability among assessments of animal welfare. It enables comparing
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the impact of welfare challenges across individuals, populations, production contexts, and
even among different species, thus fostering the investigation of the equivalence of affec-
tive capacity among sentient species (a prerequisite in the interspecific comparison of wel-
fare for practical purposes, e.g., allocation of funding for reforms) [72]. The framework
also refocuses the welfare debate towards affective experiences at the individual level [73],
providing a platform (the Pain-Track) where hypotheses about the duration and intensity
of the unpleasantness associated with each of different welfare experiences are made ex-
plicit, and where disagreements with proposed values are a driver of targeted progress.

The Cumulative Pain metric also provides a foundation for the development of a
welfare footprint of livestock products [74] and other animal-sourced practices. Like the
creation of footprint measures in other contexts (e.g., water footprint), the development
of an animal welfare footprint may raise awareness about the ethical impacts of economic
activities involving animals, promote accountability and foster improvement. For exam-
ple, the framework can inform consumers of the ethical impacts of their purchasing
choices. The standardization of welfare assessment provided by a time-based metric can
also provide a common framework for national and international certification schemes
[75], enabling the comparison of different standards. A metric of the cumulative time in
pain embedded in different products is also needed to inform policies and decisions in
other areas, such as health or environmental sustainability [74]; to ensure that such deci-
sions are not implemented at the expense of animals, a comparable measure of their im-
pact on the welfare of animals is required [74].

Naturally, the Cumulative Pain metric can be elaborated in future developments. For
example, good animal welfare also implies the experience of subjective affective states of
a positive valence [21,76-79]. Although the framework considers how the deprivation of
positive experiences gives rise to negative states (e.g., frustration from the deprivation of
highly motivated behaviors), it can be expanded in the future to include quantification of
the time spent in positive affective states.

It is also possible to consider potential non-linearities in the ethical significance of a
harm depending on when in an animal’s time of life it occurs, with end-of-life experiences
generally being of a greater ethical concern than others of similar intensity and duration
[80]. These non-linearities may also be incorporated in the estimates, by weighing dura-
tion ranges in the Pain-Tracks according to the desired assumptions. Likewise, future
knowledge of differences in the intensity of valenced experience across species [72], or in
the subjective experience of time across species [81] can be integrated into assessments.

Finally, the integration of all categories of pain intensity into a single ‘currency’ of
welfare loss would be more convenient for practical purposes. Still, we have opted for
keeping time in pain of each intensity disaggregated, as evidence to support inferences on
the mathematical equivalence between the intensity categories is still lacking (though in-
tegration exercises based on theoretical discussions of tentative values can be very insight-
ful [82,83]). Moreover, keeping Cumulative Pain estimates disaggregated, with time in
pain expressed for each intensity category, can be more informative, since the pursuit of
different priorities, such as relieving the worst kinds of suffering (e.g. time in Disabling
and Excruciating pain), becomes possible.

The approach presented here is inspired by simplicity and transparency: the design
of a Pain-Track, a framework based on a simple cartesian notation (‘intensity vs. time’), is
aimed at making its interpretation possible not only to specialists, but also to untrained
students and the broad public alike. Its interface is designed to channel existing research
and data, along with intellectual effort, where it is needed: in the constant (and ideally
cooperative) criticism, update and justification of the values proposed, so animal lives can
benefit from decisions based on estimates that are as scientifically sound as possible for
their time.


https://doi.org/10.20944/preprints202208.0247.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 August 2022 d0i:10.20944/preprints202208.0247.v1

10 of 12

Acknowledgments: We are very grateful to Amanda Hungerford, Andrew Rowan, Elsa Negro-Cal-
duch, Kaitlin Wurtz, Kate Hartcher, Lewis Bollard, Michael St. Jules, Sara Shields, Saulius Simcikas
and Valerie Monckton for comments on earlier versions of the work presented here.

Author Contributions: Conceptualization, WJA and CSP; methodology, WJA and CSP; writing—
original draft preparation, CSP and WJA.; writing—review and editing, WJA and CSP; project ad-
ministration, WJA and CSP. All authors have read and agreed to the published version of the man-
uscript.

Funding: CSP and WJA broader research is supported by the Open Philanthropy Project, though it
did not have any say over methods or results.

Institutional Review Board Statement: Not applicable.
Data Availability Statement: Not applicable.

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

References

1.  Sejian V, Lakritz J, Ezeji T, Lal RL. Assessment methods and indicators of animal welfare. Asian ] Anim Vet Adv. 2011;6: 301-
315.

2. Grandin T. Improving Animal Welfare: A Practical Approach, 3rd Edition. CABI; 2020.

3.  Welfare Quality® Consortium. Welfare Quality® Assessment Protocol for Poultry (Broilers, Laying Hens). Lelystad: Welfare
Quality® Consortium.; 2009.

4. Botreau R, Veissier I, Butterworth A, Bracke M, Keeling L]. Definition of criteria for overall assessment of animal welfare. Ani-
mal Welfare. 2007;16: 225-228.

5. Shimmura T, Bracke M, Mol RMD, et al. Overall welfare assessment of laying hens: Comparing science-based, environment-
based and animal-based assessments. Anim Sci. 2011 82:150-60.

6. Weary DM, Niel L, Flower FC, Fraser D. Identifying and preventing pain in animals. Appl Anim Behav Sci. 2006;100: 64-76.

7.  Botreau R, Bonde M, Butterworth A, Perny P, Bracke MBM, Capdeville J, et al. Aggregation of measures to produce an overall
assessment of animal welfare. Part 1: a review of existing methods. Animal. 2007;1: 1179-1187.

8.  Battini M, Dalla Costa E, Dai F, Minero M, Barbieri S, Canali E, et al. Mobile apps based on AWIN protocols to assess animal
welfare on farm. Bulletin de 1’OIE. 2017. pp. 14-19.

9. Bartussek H. A review of the animal needs index (ANI) for the assessment of animals’ well-being in the housing systems for
Austrian proprietary products and legislation. Livestock Production Science. 1999;61: 179-192.

10. Brambell FWR. Report of the technical committee to enquire into the welfare of animals kept under intensive livestock hus-
bandry systems. Cmd. (Great Britain. Parliament), H.M. Stationery Office; 1965. Available: https://www.seman-
ticscholar.org/paper/5a3cc31a6a6cb03dff6df97072d25a90860dcf5¢

11. Benson GJ. Pain in Farm Animals: Nature, Recognition, and Management. The Well-Being of Farm Animals. Blackwell Publish-
ing; 2004. pp. 61-84.

12. Rollin BE. The Ethical Imperative to Control Pain and Suffering in Farm Animals. In: Benson GJ, Rollin BE, editors. The Well-
Being of Farm Animals. Oxford, UK: Blackwell Publishing; 2004. pp. 1-19.

13. Duncan IJH. The changing concept of animal sentience. Appl Anim Behav Sci. 2006;100: 11-19.

14. Panksepp J. Affective neuroscience: The foundations of human and animal emotions. New York, NY, US: Oxford University
Press Affective neuroscience; 1998.

15. Biro D. Is there such a thing as psychological pain? And why it matters. Cult Med Psychiatry. 2010;34: 658—667.

16. Meerwijk EL, Weiss SJ. Toward a Unifying Definition of Psychological Pain. ] Loss Trauma. 2011;16: 402—412.

17.  Cervero F. Understanding Pain: Exploring the Perception of Pain. MIT Press; 2012.

18. Sneddon LU, Elwood RW, Adamo SA, Leach MC. Defining and assessing animal pain. Anim Behav. 2014;97: 201-212.

19. Solms M. The Hidden Spring: A Journey to the Source of Consciousness. W. W. Norton & Company; 2021.

20. Merker B. Drawing the line on pain. Animal Sentience: An Interdisciplinary Journal on Animal Feeling. 2016;1: 23.

21. Mellor DJ, Beausoleil NJ, Littlewood KE, McLean AN, McGreevy PD, Jones B, et al. The 2020 Five Domains Model: Including
Human-Animal Interactions in Assessments of Animal Welfare. Animals (Basel). 2020;10.

22. Rowan AN. Refinement of Animal Research Technique and Validity of Research Data. Toxicol Sci. 1990;15: 25-32.

23. Barclay RJ, Herbert WJ, Poole T. The disturbance index: a behavioural method of assessing the severity of common laboratory
procedures on rodents. UFAW, Universities Federation for Animal Welfare; 1988.

24. Eccleston C, Crombez G. Pain demands attention: a cognitive-affective model of the interruptive function of pain. Psychol Bull.

1999;125: 356-366.


https://doi.org/10.20944/preprints202208.0247.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 August 2022 d0i:10.20944/preprints202208.0247.v1

11 0f 12

25. Weary DM, Huzzey JM, von Keyserlingk MAG. Board-invited review: Using behavior to predict and identify ill health in ani-
mals. ] Anim Sci. 2009;87: 770-777.

26. Kahneman D. Attention and Effort. Englewood Cliffs, NJ: Prentice-Hall; 1973.

27. Gentle MJ. Attentional Shifts Alter Pain Perception in the Chicken. Anim Welf. 2001;10: 187-194.

28. Weary DM. Suffering, Agency, and the Bayesian Mind. In: McMillan FD, editor. Mental Health and Well-being in Animals.
CAB International; 2020. pp. 156-166.

29. Alonso W], Schuck-Paim C. Pain-Track: a time-series approach for the description and analysis of the burden of pain. BMC
Research Notes. 2021;14: 229.

30. Morgan M, Deuis JR, Frosig-Jorgensen M, Lewis R], Cabot PJ, Gray PD, et al. Burn Pain: A Systematic and Critical Review of
Epidemiology, Pathophysiology, and Treatment. Pain Med. 2018;19: 708-734.

31. Norman AT, Judkins KC. Pain in the patient with burns. Contin Educ Anaesth Crit Care Pain. 2004;4: 57-61.

32. FACT CHECK: Man dies trying to rescue dog from hot spring. 14 Aug 2017. Available: https://www.snopes.com/fact-
check/hope-springs-eternal/

33. Authorities end search for man who fell into Yellowstone hot spring. 9 Jun 2016. Available:
https://www.snopes.com/news/2016/06/09/authorities-end-search-for-man-who-fell-into-hot-spring-at-yellowstone-national-
park/

34. Death by boiling. In: Wikipedia, The Free Encyclopedia. 2021. Available: https://en.wikipedia.org/w/index.php?ti-
tle=Death_by_boiling&oldid=1017179201

35. Boiling Alive - worst punishments in the history of mankind. Feb 2020. Available:
https://www.youtube.com/watch?v=212MclIbL2U

36. Guardian staff reporter. What does death by burning mean? The Guardian. 26 Apr 2003. Available: http://www.theguard-
ian.com/theguardian/2003/apr/26/theeditorpressreview. Accessed 27 Apr 2021.

37. What Is It Like to Burn to Death? In: Broken map. 10 Jan 2019. Available: http://brokenmap.com/what-is-it-like-to-burn-to-
death/

38. Riber AB, Casey-Trott TM, Herskin MS. The Influence of keel bone damage on welfare of laying hens. Front Vet Sci. 2018;5: 6.

39. Toscano MJ, Dunn IC, Christensen J-P, Petow S, Kittelsen K, Ulrich R. Explanations for keel bone fractures in laying hens: Are
there explanations in addition to elevated egg production? Poult Sci. 2020.

40. Baur S, Rufener C, Toscano MJ, Geissbiihler U. Radiographic Evaluation of Keel Bone Damage in Laying Hens-Morphologic
and Temporal Observations in a Longitudinal Study. Front Vet Sci. 2020;7: 129.

41. Schuck-Paim C, Alonso WJ]. Quantifying Pain in Laying Hens: A blueprint for the comparative analysis of welfare in animals.
https://tinyurl.com/bookhens; 2021.

42. Mitchell SAT, Majuta LA, Mantyh PW. New Insights in Understanding and Treating Bone Fracture Pain. Curr Osteoporos Rep.
2018;16: 325-332.

43. Mantyh PW. Mechanisms that drive bone pain across the lifespan. Br J Clin Pharmacol. 2019;85: 1103-1113.

44. Gentle MJ. The acute effects of amputation on peripheral trigeminal afferents in Gallus gallus var domesticus. Pain. 1991;46:
97-103.

45. Gentle M, Wilson S. Pain and the laying hen. Welfare of the Laying Hen GC Perry, ed CABI Publishing, Wallingford, UK. 2004;
165-175.

46. Webster AB. Welfare implications of avian osteoporosis. Poult Sci. 2004;83: 184-192.

47. Richards GJ, Nasr MA, Brown SN, Szamocki EMG, Murrell ], Barr F, et al. Use of radiography to identify keel bone fractures in
laying hens and assess healing in live birds. Vet Rec. 2011;169: 279.

48. Nasr MAF, Nicol CJ, Murrell JC. Do laying hens with keel bone fractures experience pain? PLoS One. 2012;7: e42420.

49. Desmarchelier M, Troncy E, Beauchamp G, Paul-Murphy JR, Fitzgerald G, Lair S. Evaluation of a fracture pain model in do-
mestic pigeons (Columba livia). Am J Vet Res. 2012;73: 353-360.

50. Marsell R, Einhorn TA. The biology of fracture healing. Injury. 2011;42: 551-555.

51. WeiH, LiC, Xin H, LiS, Bi Y, Li X, et al. Keel Fracture Causes stress and inflammatory responses and inhibits the expression
of the orexin system in laying hens. Animals. 2019;9.

52. Campbell RM, Cuthbertson DP. Effect of environmental temperature on the metabolic response to injury. Nature. 1966;210:
206-208.

53. Sj. W. Modern Nutrition in Health and Disease. New York, NY: Lippincott Williams & Wilkins; 2006.

54. Rufener C, Baur S, Stratmann A, Toscano M]J. Keel bone fractures affect egg laying performance but not egg quality in laying
hens housed in a commercial aviary system. Poult Sci. 2019;98: 1589-1600.

55. Katiyar AK, Vegad JL, Awadhiya RP. Pathology of inflammatory-reparative response in punched wounds of the chicken skin.
Avian Pathol. 1992;21: 471-480.

56. Gerstenfeld LC, Cullinane DM, Barnes GL, Graves DT, Einhorn TA. Fracture healing as a post-natal developmental process:
molecular, spatial, and temporal aspects of its regulation. ] Cell Biochem. 2003;88: 873-884.


https://doi.org/10.20944/preprints202208.0247.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 August 2022 d0i:10.20944/preprints202208.0247.v1

12 0of 12

57. Alves CJ, Neto E, Sousa DM, Leitdo L, Vasconcelos DM, Ribeiro-Silva M, et al. Fracture pain—Traveling unknown pathways.
Bone. 2016;85: 107-114.

58. Wang W, Jiang Q, Wu J, Tang W, Xu M. Upregulation of bone morphogenetic protein 2 (BMP2) in dorsal root ganglion in a rat
model of bone cancer pain. Mol Pain. 2019;15: 1744806918824250.

59. European Parliament. European Directive 2010/63/EU on the protection of animals used for scientific purposes. 2010. Available:
https://eur-lex.europa.eu/eli/dir/2010/63/2019-06-26

60. Pickard J, Buchanan-Smith HM, Dennis M, Flecknell P, Joannides A, Lemon R, et al. Review of the assessment of cumulative
severity and lifetime experience in non-human primates used in neuroscience research. London, UK: Animal Procedures Com-
mittee. 2013.

61. Honess P, Wolfensohn S. The extended welfare assessment grid: a matrix for the assessment of welfare and cumulative suffering
in experimental animals. Altern Lab Anim. 2010;38: 205-212.

62. Moberg GP. Biological response to stress: key to assessment of animal well-being? In: Moberg GP, editor. Animal Stress. Be-
thesda, Maryland: American Physiological Society; 1985. pp. 27-49.

63. Hyun, Ellis M, Riskowski G, Johnson RW. Growth performance of pigs subjected to multiple concurrent environmental stress-
ors. ] Anim Sci. 1998;76: 721-727.

64. McFarlane JM, Curtis SE, Shanks RD, Carmer SG. Multiple concurrent stressors in chicks. 1. Effect on weight gain, feed intake,
and behavior. Poult Sci. 1989;68: 501-509.

65. McFarlane JM, Curtis SE, Simon J, Izquierdo OA. Multiple concurrent stressors in chicks. 2. Effects on hematologic, body com-
position, and pathologic traits. Poult Sci. 1989;68: 510-521.

66. O’connor EA, Parker MO, Davey EL, Grist H, Owen RC, Szladovits B, et al. Effect of low light and high noise on behavioural
activity, physiological indicators of stress and production in laying hens. Br Poult Sci. 2011;52: 666—674.

67. McMillan F. What Is Distress? A Complex Answer to a Simple Question. In: McMillan F, editor. Mental Health and Well-being
in Animals. CAB International; 2020. pp. 140-155.

68. Schuck-Paim C, Alonso WJ. Quantifying Pain in Broilers. Independently published. https://tinyurl.com/bookhens; 2022.

69. Schuck-Paim C, Negro-Calduch E, Alonso WJ. The Prevalence of Welfare Challenges Affecting Laying Hens in Different Hous-
ing Systems. In: Schuck-Paim C, Alonso W], editors. Quantifying Pain in Laying Hens. https://tinyurl.com/bookhens; 2021.

70. Alonso WJ, Schuck-Paim C. Life-fates: meaningful categories to estimate animal suffering in the wild. In: Animal Ethics. 2017
Available: http://www.animal-ethics.org/life-fates-essay-prize-2017/

71. Broom DM. The scientific assessment of animal welfare. Appl Anim Behav Sci. 1988;20: 5-19.

72. Schukraft J. Differences in the Intensity of Valenced Experience across Species - EA Forum. 2020. Available: https://forum.effec-
tivealtruism.org/posts/H7KMqMtqNifGYMDft/differences-in-the-intensity-of-valenced-experience-across

73. Browning H. The Natural behavior debate: two conceptions of animal welfare. ] Appl Anim Welf Sci. 2020;23: 325-337.

74. Scherer L, Tomasik B, Rueda O, Pfister S. Framework for integrating animal welfare into life cycle sustainability assessment. Int
J Life Cycle Assess. 2017; 1-15.

75. Butterworth A, Kjaernes U. Exploration of strategies to implement welfare schemes. In: Veissier I, Forkman B, Jones B, editors.
Second Welfare Quality stakeholder conference. Welfare Quality - Science and Society Improving Animal Welfare; 2007. pp.
37-40. Available: https://ec.europa.eu/food/sites/food/files/animals/docs/aw_arch_proceedings_052007_berlin_en.pdf

76. Boissy A, Manteuffel G, Jensen MB, Moe RO, Spruijt B, Keeling L], et al. Assessment of positive emotions in animals to improve
their welfare. Physiol Behav. 2007;92: 375-397.

77. Mellor DJ. Animal emotions, behaviour and the promotion of positive welfare states. N Z Vet J. 2012;60: 1-8.

78. Yeates JW, Main DCJ. Assessment of positive welfare: a review. Vet J. 2008;175: 293-300.

79. Yeates]. Better to have lived and lost - the concept of a life worth living. In: Butterworth A, editor. Animal Welfare in a Changing
World. CAB International; 2018. pp. 162-170.

80. Browning H, Veit W. The importance of end-of-life welfare. Anim Front. 2022;12: 8-15. d0i:10.1093/af/vfab078

81. Schukraft J. The subjective experience of time: welfare implications. In: Rethink Priorities. 27 Jul 2020. Available: https://re-
thinkpriorities.org/publications/the-subjective-experience-of-time-welfare-implications
Grilo V. Comparison between the hedonic utility of human life and poultry living time - EA Forum. 2022. Available: https://fo-
rum.effectivealtruism.org/posts/eom] TLnuhHAJ2KcjW/comparison-between-the-hedonic-utility-of-human-life-and

83. Grilo V. Corporate campaigns for chicken welfare are 10,000 times as effective as GiveWell’'s Maximum Impact Fund? - EA
Forum. 2022. Available: https://forum.effectivealtruism.org/posts/nDgCKwjBKwFvcBsts/corporate-campaigns-for-chicken-
welfare-are-10-000-times-as



https://forum.effectivealtruism.org/posts/eomJTLnuhHAJ2KcjW/comparison-between-the-hedonic-utility-of-human-life-and
https://forum.effectivealtruism.org/posts/eomJTLnuhHAJ2KcjW/comparison-between-the-hedonic-utility-of-human-life-and
https://doi.org/10.20944/preprints202208.0247.v1

