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Introduction 

In Chapter 1 [1] we present an analytical framework to quantify the loss of 
welfare experienced by animals in an explicit and comparative manner, based 
on estimates of the intensity and duration of the ‘pain’ (used as an operational 

term for affective states of negative valence) endured as a result of different 
welfare challenges (of both physical and psychological nature) experienced 
over their lives. By mapping aversive experiences onto a common scale with 
real-world meaning (time in pain), the framework enables the objective 

comparison of the negative affective experiences endured by animals as a 

result of practices and conditions of very different nature.  

Next, we applied the framework to estimate the time laying hens spend in 
pain as a result of each of a number of injuries (Chapters 3 [2], 4 [3], 7 [4]), 
diseases (Chapter 5 [5]) and deprivations of motivated behaviors (Chapter 6 
[6]) over the laying cycle. Our goal was to provide a quantitative basis upon 

which to evaluate the impact of reforms aimed at improving the welfare of 
commercial layers, specifically the move away from conventional caged 

systems to cage-free housing currently underway in many countries. To this 
end, we analysed the welfare challenges encountered over the laying period 

in conventional cages, furnished cages and cage-free aviaries (single- and 
multi-tier aviaries). Instead of considering an exhaustive list of every welfare 
challenge affecting commercial layers during this phase, we focused on those 
offenses most likely to be affected by the transition from conventional cages 
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to cage-free aviaries (see Chapter 2 [7] for a detailed justification of the scope 

of analysis and criteria for the choice of welfare challenges). 

In this chapter, we focus on the quantification of the burden of pain 
experienced by laying hens kept in these different housing systems when the 
cumulative load of all welfare challenges examined is considered. To this end, 

we estimate the total time spent in four categories of pain intensity as our 
basis for comparison (for a definition of the categories, see Box 1.2 in Chapter 
1  [1] ), enabling the assessment of the impact of the reform along a scale of 
negative experiences, all grounded on explicit parameters with biological 

meaning. For example, while some policies and reforms may have a large 
impact on less severe pain states, others can mitigate the most extreme 

(excruciating) pain experiences. By being able to differentiate these effects, 

the pursuit of different priorities becomes possible. 

In the next section we discuss the relative contribution of each one of the 
welfare challenges analysed to the total burden of pain endured by the 
average member of a flock, to only then explore the compound effect of all 
challenges in the different housing systems. For a thorough justification of 
the time in pain that individuals endure as a consequence of each welfare 

offense, we refer the reader to the specific chapters addressing each 
condition, where the evidence supporting the parameter values and estimates 
is discussed. Because our interest is in the experience of layer populations in 
commercial settings, estimates of the prevalence of each condition were 

based on data from commercial flocks only (Chapter 8 [8]).  

As demonstrated in a recent meta-analysis [9], management experience and 
the degree of technological maturity of a production system can act as 
important confounders of the prevalence of different welfare problems in 
comparisons of production conditions (e.g. some welfare challenges may see 
their prevalence temporarily increased following a transition to a new system, 

before knowledge and experience accrue [9,10]). However, as discussed in 
Chapter 8 [8], the data needed to control for differences in these factors is not 
yet available in most cases, so the estimates are most likely to reflect a 
situation where the technological, genetic and managerial maturity of cage-

free housing is not yet on par with that already achieved by caged systems. 
Accordingly, the estimated time in pain averted with the transition to cage-
free housing is likely to be higher than that presented in the next sections 

once the transition is more consolidated.  

All parameter values used for the analysis (estimates of duration, intensity, 
number of occurrences and the prevalence of each welfare offense) are 
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justified in previous chapters. However, we invite the reader to examine the 
extent to which the estimates presented here are sensitive to our choices and 
assumptions, at the platform https://pain-track.org/hens. In this web 
application, all parameter values can be altered, with the immediate update 

of all estimates.  
 

Relative burden of pain in different housing systems 

Figure 9.1 shows the ‘relative’ contribution of each welfare challenge to the 
total time spent in each category of pain intensity by the average flock 
member (an estimate that takes into account the prevalence of the challenge 

in the population). The discussion that follows in this section is based on the 

estimates shown in this figure.  

 

 

Figure 9.1. Contribution of each harm relative to the total estimated time (scaled to 

100%) endured by the average flock member (i.e. weighted by prevalence) in the four 

categories of pain intensity. Here, the absolute size of each colored bar should not be 

compared across intensities or systems (see https://welfarefootprint.org/research-

projects/laying-hens for a dynamic figure that enables inspecting values). 

Estimates of the absolute time spent in pain differed across intensity 
categories and housing conditions, but in Figure 9.1 total times in pain are 
scaled to 100% to enable a clearer appreciation of the main drivers of pain in 
each case before exploring absolute differences among the three housing 
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conditions. To compare absolute times in pain across intensity categories or 
housing systems, please refer to figures 9.2 and 9.3. 

The estimates in Figure 9.1 confirm the expectation that keel bone fractures 
(orange bars) are among the most serious welfare problems affecting laying 
hens in modern egg production, and the main cause of physical pain. Keel 

fractures account for most of the time spent in disabling pain in cage-free 
aviaries (66%) and in furnished cages (51%) due to the painful inflammatory 
response in the hours following a fracture (Chapter 3 [2]) and high prevalence 
of this injury. In cage-free aviaries, most of the time in pain at the hurtful 

(83%) and annoying (64%) categories are also endured as a result of fractures 
due to the chronic, long-standing character of the pain as a result of the 

relatively high prevalence of cases of malunion or nonunion/delayed union 

of the bone (Chapter 3 [2]).  

Keel fractures are also a prevalent and important source of pain in 
conventional cages, but the presence of other (even more prevalent) sources 
of disabling pain in these systems reduce their relative contribution. In 
conventional cages, a large proportion of the time spent in disabling pain (of 
a psychological nature) is associated with the deprivation of a nest. Empirical 

evidence is well established in showing that the impossibility to find a suitable 
nest in the moments prior to oviposition, particularly as the sitting phase 
approaches, is highly disruptive for the hen (Chapter 6 [6]). At this time, hens 
are willing to pay very high prices for access to a nest site, exposing 

themselves to situations of danger or choosing to exert great effort (e.g., 
similar to that exerted to access food after being food-deprived for 28 hours) 
in exchange for a nest (Chapter 6 [6]). Although we conservatively assumed 
that the frustration associated with the lack of a nest is temporally restricted 

to the timing of nesting motivation (just prior to and during oviposition), the 
fact that hens experience it every day during the laying cycle naturally added 
up to long time in disabling pain. Some time in pain as a result of nest 
deprivation is also present in furnished cages and cage-free aviaries (though 

with a much lower prevalence and relative importance), but in these systems 

it emerges due to nest competition and the fact that some birds do not find 

the commercial nest boxes suitable (Chapter 6 [6]). 

The frustration emerging from the thwarted possibility to forage and explore 
the environment similarly accounts for a large fraction of the pain endured 
at the hurtful and annoying categories in both caged environments (Figure 

9.1), due to the large time budget normally dedicated to these activities and 
the multiple lines of evidence (Chapter 6 [6]) indicating that the deprivation 
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of the possibility to forage and explore the environment is very detrimental 
to the well-being of layers (e.g. high and inelastic demand for foraging 
opportunities, observations that hens are willing to pay a price in terms of 
physical pain to forage and fulfil this seeking drive). Likewise, the inability to 

move around, perform comforting behaviours and adopt typical postures 
due to the lack of space and restriction of movements, and the ensuing 
permanent feeling of discomfort (Chapter 6 [6]), accounts for a large 
proportion of the time spent in annoying pain in conventional and furnished 

cages.  

In all systems, moments of extreme suffering (pain at the excruciating level) 
are predominantly associated with those injuries and diseases progressing to 

severe sepsis: acute bacterial peritonitis (a common and painful disorder and 
the leading cause of mortality in laying hens; Chapter 5 [5]) and vent wounds 

that become infected (Chapter 4 [3]). To our surprise, the time in excruciating 
pain due to fatal cases of bacterial peritonitis was estimated to be higher than 
that due to fatal cases of vent cannibalism (as depicted in the larger size of the 
purple bars relative to the red bars in Figure 9.1). Although the time in 

excruciating pain is similar for a hen affected by either condition (1 to 3 hours 
in both cases; see also https://welfarefootprint.org/research-projects/laying-
hens), the burden of acute peritonitis is higher due to its higher estimated 

prevalence (Chapter 8 [8]).  

Similarly, the chronic nature of the pain in individuals that survive acute 
episodes of peritonitis (light purple shades) led to a relatively higher burden 
of pain at the disabling and hurtful categories than that emerging from 
pecking wounds (red shades). In fact, the relative time in pain at all intensity 
categories as a result of pecking injuries (skin wounds, vent wounds, 

cannibalism) was found to be substantially lower than that of the other 
conditions studied, particularly those associated with chronic pain. If on the 
one hand future adjustments in the estimates of the burden of pecking 
injuries are likely (and desirable) given the scarcity of data on the parameters 

informing this estimate (Chapter 4 [3] and Chapter 8 [8]), on the other hand 

we find it difficult that future adjustments will change this finding. This is 
because the physical pain associated with pecking injuries is predominantly 
restricted to the acute inflammatory response following tissue damage, with 

swollen tissues pushing against nerve endings and proinflammatory 
cytokines acting directly on nociceptors, inducing their persistent 
sensitization (Chapter 4 [3]). However, even in those cases where 
inflammation (hence pain) persists for weeks due to a poor wound 

environment, healing times are relatively short compared to the longer 
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periods of chronic pain associated with keel fractures that do not heal 
properly, chronic cases of peritonitis or even with the chronic frustration 
emerging from the deprivation of behaviors hens are highly motivated to 
perform. Additionally, the proportion of birds affected by pecking injuries is 

lower (up to 30% in the case of non-fatal injuries, depending on the injury and 
housing system; Chapter 8  [8]) than the proportion of birds sustaining 
fractures or, in the case of cages, enduring the deprivations associated with 
confinement. As a consequence, the burden of physical pain stemming from 

pecking injuries is bound to be low compared to that of conditions associated 

with chronic pain1.  

Finally, a relatively high share of the time in disabling pain emerged as a result 

of depopulation and transport to the slaughterhouse (grey shades in Figure 
9.1). A large burden of pain due to these procedures was expected due to the 
many concurrent welfare challenges they impose (Chapter 7 [4]), which are in 

turn exacerbated by the poor health, plumage condition and skeletal strength 
that is typical of end-of-lay hens, along with the lack of incentives for their 
careful handling given the low commercial value of their meat. This result 
achieves a greater significance considering that the pain endured is 

concentrated on a single day, with the possible multiplicative effects (not 
modelled here) of multiple sources of uninterrupted pain and distress, 

making this process a hotspot of welfare loss in the life of these animals. 

 

Absolute burden of pain in different housing systems 

Figure 9.2 shows the estimated number of hours endured at the four 
categories of pain intensity by the average member of a flock in the three 
housing systems as a result of all welfare challenges combined, whereas in 
Figure 9.3 the same data is disaggregated by challenge.  
 

 

 

 

                                                        
1 Here we address the direct consequence of injurious pecking. Other indirect effects 

(Figure 4.3 in Chapter 4 [3]) are not considered. 

https://paperpile.com/c/MLU14e/MtWb
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Figure 9.2. Expected time in pain (hours) endured by the average flock member in each 

housing system and category of pain intensity. Time scales are different for each 

category of intensity for greater clarity. Only those hours when the bird is awake (16 

hours/day) are considered. Error bars represent 95% confidence intervals. An interactive 

version of the figure is available at https://welfarefootprint.org/research-projects/laying-

hens. 

 

Through its effects on the welfare challenges investigated here, the transition 
from conventional cages to cage-free (indoor) aviaries is expected to prevent 

an average of 275 hours of disabling pain, 2,313 hours of hurtful pain and 4,645 
hours of annoying pain for each laying hen that is raised in this system instead 
of a cage (a 64%, 57% and 69% decrease, respectively, relative to the time in 
pain in conventional cages). Even if not encompassing all welfare challenges 

experienced by laying hens, these estimates represent a substantial fraction 
of the laying cycle (considering an average cycle of 70 weeks, and the onset of 
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lay at 20 weeks, there are approximately 5,600 daylight hours during this 

period).  

Because in conventional cages virtually all aspects of the behavior of laying 
hens are thwarted, the longer time in pain in conventional cages stems 
predominantly from the deprivation of behaviors hens are highly motivated 

to perform and the discomfort associated with the lack of space and the 
restriction of movement (Chapter 6 [6]). Even though the time in pain as a 
result of keel bone fractures is higher in aviaries 2 (larger orange bars in Figure 
9.3, corresponding to 40, 545 and 507 hours more in disabling, hurtful and 

annoying pain, per hen, in aviaries as a result of keel fractures), the difference 
is much lower than that needed to compensate for the chronic psychological 

pain emerging from the frustration of important behavioral needs in cages. 

 

 

                                                        
2 The expectation that the time in pain due to keel fractures is higher in cage-free settings 
is greatly affected by the extent to which the prevalence of keel fractures are higher in 
cage-free settings. As discussed in Chapter 8 [8], we used prevalence values as reported 
in published research. However, a recent study suggests that the prevalence of fractures 
is likely to be greatly underestimated in conventional cage systems [14]. Another recently 
published review on the prevalence of keel fracture in laying hens also concludes that the 
link between housing system and keel bone fracture prevalence may not be supported [8]. 
 

https://paperpile.com/c/MLU14e/YR83
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Figure 9.3. Expected time in pain (hours) endured by the average flock member in 

each housing system and category of pain intensity, disaggregated by harm. Time 

scales are different for each category of intensity for greater clarity. Only those hours 

when the bird is awake (16 hours/day) are considered. An interactive version of the 

figure is available at https://welfarefootprint.org/research-projects/laying-hens. 

 

Although the comparison involves welfare challenges of different nature 
(physical and psychological), it is important to remember that the criteria 

used for the attribution of intensity in both cases is the same, focusing on (1) 
the importance of the pain signal to promote adaptive behaviors and (2) the 
disruptive character of the pain experience (Chapter 1 [1]). For example, pain 
at the disabling level is characterized by its power to overrule most other bids 

for behavioral execution, with continuous disruptive symptoms that prevent 
all forms of positive welfare. Such a criterion matches closely the frustration 
of a hen that cannot find a nest in the moments prior to oviposition (Chapter 
6 [6]). At this time, not only is all attention diverted to this seeking drive, but 

hens are also willing to pay very high prices (in terms of effort and exposure 
to danger) for access to a nest site, similar to those paid to access food 
following long periods of food deprivation. Such a degree of disruption, along 
with the evolutionary value of nests, indicate that the frustration emerging 

from lack of a suitable site just prior to oviposition is most likely of a disabling 
nature (see Box 1.2 in Chapter 1 [1] for definitions). A similar rationale applies 
to the attribution of disabling pain in the hours, and day, following a keel 
fracture (see Chapter 3 [2]). The experience of intense pain as a result of a 

fracture is extremely adaptive, as it ensures the reduction of movement 
needed to facilitate healing and protect the individual from further injury, as 
well as the presumably higher need for rest at a time of increased metabolic 
demand on the body. The adaptive value of intense pain at this stage is 

reflected at the physiological and anatomical levels. The periosteum has an 
extremely dense sensory and sympathetic innervation, where most of the 
mechanosensory fibers activated immediately after fracture are believed to 
be located. After the injury, an influx of inflammatory cells to the fracture site 

results in the release of inflammatory mediators that will cause the swelling 

of the site (hence pain through activation of pressor receptors) and activate 
undamaged nociceptors [11–13]. Sensitization of the peripheral and central 
nervous systems may also occur, manifesting as increased sensitivity to pain 
[12,13]. Accordingly, existing data on the behavior of birds (pigeons) in the 

immediate days following a fracture reveal substantial changes in behavior 
and alertness, even among individuals receiving high doses of analgesia - all 

patterns compatible with the definition of disabling pain. 
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The average time spent in excruciating pain is similar in all systems, resulting 
mostly from fatal events that affect only a small fraction of individuals (e.g. 
the proportion of the flock estimated to die from acute cases of egg peritonitis 
syndrome is expected to range from 0.6 to 3.2%; Chapter 8 [8]). Although only 

a few minutes of excruciating pain are expected for the average population 
member when the time in pain is weighted by the prevalence of these events, 
the time in excruciating pain endured by the individuals affected is, however, 
very high (2.25 hours on average, mostly due to severe sepsis). Considering a 

flock of 50,000 birds, approximately 2,000 hours of excruciating pain per 

flock are expected as a result of the conditions analysed here. 

The estimates also point to a higher burden of pain in furnished cages 
compared to cage-free aviaries, though less pronounced than in the 
comparison with conventional cages due to the opportunity to partially fulfil 

some of the behavioral motivations in the furnished system (chiefly the need 
to lay an egg in a nest). Hens from furnished cages and aviaries are expected 
to spend a similar time in disabling and excruciating pain (approximately 154-
156 hours and 2.5 minutes per flock member, respectively), but on average 

1,410 hours of hurtful pain, and 4,065 hours of annoying pain are estimated 
to be averted during the laying cycle for each laying hen that is raised in an 

aviary instead of a furnished cage.  

As expected, furnished cages are better from a welfare perspective than 
conventional cages. Despite the relatively similar times in annoying pain, 

laying hens will spend somewhat shorter times in hurtful pain (~25% 
decrease), and substantially shorter times (~64% decrease) in disabling pain in 
furnished than in conventional cages (on average 277 hours of disabling pain 

are averted per bird).  

It has been often highlighted that each housing system has unique welfare 
challenges [14–16], and that no system is ideal for the welfare of laying hens. 

While our findings are in line with these observations, these remarks should 
not be taken to imply that different systems are equivalent in terms of their 
overall impact on welfare. The possibility to quantify, and compare, the 
impact of major welfare challenges on the burden of pain endured by 

commercial layers strongly indicate that cage-free aviaries are preferred both 
to conventional cages and furnished cages in efforts to reduce farm animal 

suffering. 

The empirical estimates presented here are conservative, given our deliberate 
attempts to avoid inflating the welfare benefits of cage-free housing based on 

our prior beliefs and conceptions, particularly with regard to the estimates of 
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the prevalence of the welfare challenges. As discussed, estimates of the 
prevalence of different challenges are most likely to reflect a situation where 
the maturity of cage-free housing is not yet on par with that already achieved 
by caged systems. For instance, based on data reported since the year 2000, 

the proportion of hens with pecking wounds and the proportion of deaths 
due to cannibalism were assumed to be higher in cage-free systems, even 
though there is evidence to indicate that tissue pecking (linked to mortality) 
is also reduced over time in cage-free facilities [17]. Indeed, our investigation 

of plumage damage scores suggested their improvement over the years 
(Chapter 8 [8]). Likewise, in a recent review the authors conclude that the 
expectation that keel bone fractures are more prevalent in cage-free systems 
may not be supported [18]. Still, due to the scarcity of data to analyse formally 

the influence of these confounders, the prevalence of keel fractures was 
assumed to be higher in cage-free facilities (represented by the range of 
prevalence values reported in commercial settings). Additionally, to avoid 
inflating the psychological pain endured by caged hens, in those cases were 

evidence was conflicting as to the importance of some behaviors and 
resources for hens (e.g. use of perches during the day), we conservatively 
assumed that their absence in conventional cages was not a major driver of 
psychological pain (Chapter 6 [6]). Overall, this makes us confident on the 

robustness of the effects reported. 

 

Important Considerations 

The estimates presented here do not emerge from an exhaustive analysis of 
every possible welfare challenge affecting commercial layers, focusing 
instead on key challenges experienced during the laying cycle only. Here we 

examine the influence of aspects not factored in the quantitative analysis 
previously presented. Most of these factors are expected to increase further 
the burden of pain in cages relative to cage-free housing (e.g. longer laying 
cycles, induced molting, higher levels of fear, a perceived lack of control), 

although some (e.g. foot lesions, air quality) possibly have the opposite effect.  

In the latter category, one such problem is footpad dermatitis, an 
inflammation of the plantar region of the foot that can progress to ulceration 
and the development of necrotic lesions. If lesions are infected (most 
commonly by Staphylococcus) they can ultimately lead to a painful condition 
known as bumblefoot (Figure 9.4) Laying hens are possibly at a higher risk of 

foodpad lesions in non-cage systems, as one of the main risk factors for its 
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development is the presence of wet litter. Footpad dermatitis has received 
considerable attention in broilers (where it is more common, as broilers 
spend their whole life in close contact with litter mixed with droppings), but 
the extent to which the problem affects commercial layers in different 

systems is not entirely clear (e.g., while some studies found a higher 
prevalence in cage-free settings, others have failed to find differences 
[16,19,20]). Likewise, the reporting of the relatively low incidence of the more 
severe and painful manifestations in layers [16,21–23] makes it unlikely that 

consideration of this harm would affect the estimates substantially to the 

point of changing any of the conclusions.  

 

 

Figure 9.4. Laying hens affected by footpad dermatitis. Illustration: Olga Kurkina. 

 

Another common concern involving cage-free facilities is the quality of the 
air, particularly with regard to the concentration of ammonia (NH3). As NH3 

originates from the decomposition of nitrogen-containing manure, its 

concentration can be generally higher in litter-based housing compared to 
caged systems with manure belts [24]. There is evidence to indicate that 
ammonia is aversive to chickens (eg. when given a choice between 4, 11, 20, 

and 37 ppm of atmospheric ammonia, broilers avoid the higher 
concentrations [25]), so it is not unreasonable to suppose that through the 
potentially detrimental effect on the respiratory system [24] and on mucous 
membranes, high concentrations of ammonia can lead to a prolonged state of 
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discomfort [26]. This is an important welfare concern, which is likely to 
increase the estimated time in pain endured in cage-free facilities, depending 
on the prevalence of (cage and cage-free) facilities where manure is not 
regularly removed and the ventilation flow is insufficient, and on the time 

endured in discomfort (e.g. in temperate regions, higher levels of ammonia 
in cage-free relative to cage housing have been found in winter, but not in 

summer [27,28]). 

While one should not be complacent about these challenges (and seek 
solutions to their mitigation), the evidence reviewed in this book strongly 
indicates that it is unlikely that consideration of the time in pain they impose 

would exceed that resulting from the sustained states of aversiveness 

associated with the many restrictions in the caged environment. In fact, 
several factors are expected to potentiate the welfare challenges in cages. One 
such factor is the perception of lack of control in caged environments (Box 

9.1). A sense of control over adverse conditions has been shown to be one of 
the most critical components of mental well-being, both in humans and 
animals [29–31]. Animals unable to escape aversive conditions are known to 
develop severe emotional distress in the form of helplessness [29], a 

depressive-like state recognized as an indicator of severe suffering. Laying 
hens housed in conventional cages are virtually prohibited from expressing 
any form of agency [32], highly motivated behaviors, to distance themselves 
from cage mates, resolve social conflicts or even adopt typical postures and 

movements needed for a minimum level of comfort and proper 
thermoregulation - all conditions conducive to the development of states akin 
to learned helplessness. Often, caged hens are also kept in conditions of 
extremely low light intensity, compounding this effect. Conversely, by 

offering birds with novel situations on a daily basis, with freedom of 
movement and a larger space to explore, cage-free environments can provide 
hens with the perception of control over their decisions and surroundings 

[33], making the emergence of these negative mental states improbable.  
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Box 9.1 Lack of Control and Helplessness in Caged 

Housing 

The very reason for the existence of pain, pleasure and other affective states 

is to enable organisms to act in an adaptive manner, i.e. to exert control over 

their fate [34]. However, in captive environments the extent to which 

individuals can control what happens to them is severely impared [35]. What 

happens when animals are entirely denied the possibility to pursue a strong 

motivation or pleasant activity, or to exert any control over a threatening or 

painful situation for a prolonged period of time?  

Research in both animals and humans has shown that a sense of control 

over adverse conditions is one of the most critical components of mental 

well-being [29,34]. Animals that perceive to have control over their fates 

have been shown to benefit from several robust effects, such as improved 

coping with stress and a greater ability to function even in potentially 

dangerous situations [34]. In chickens, there is wide evidence (Chapter 6 [6]) 

that expressions of agency, whereby the animal engages actively with the 

environment [36], are rewarding, independently of their outcome. Typical 

cases are observations of contrafreeloading (in which individuals 

consistently work to access a reward even when it is also freely available) 

and high levels of motivation to seek opportunities to explore novel objects 

of zero utility [35,37–42]. 

Conversely, animals unable to interact with their surroundings and escape 

aversive conditions have been shown to develop severe emotional distress 

in the form of helplessness [29], a debilitating emotional state whereby 

individuals become passive, lose motivation, the ability to experience joy or 

pleasure, and have difficulty learning that their responses are consequential, 

even in subsequent situations where choice is available. Not surprisingly, 

the development of learned helplessness in animals has been long used as 

a model for clinical depression in humans [43,44]. Depression-like states 

such as learned helplessness are in fact recognized as indicators of severe 

suffering, to the point that experiments inducing learned helplessness have 

been banned in some countries [45]. 

A high degree of passivity, suggestive of learned helplessness, has been 

demonstrated in chickens exposed to inescapable electric shocks [46]. 

After frustrated attempts to escape the birds give up, indicating that 

chickens, too, can experience such a depressive-like state. Laying hens 

housed in barren cage systems are virtually prohibited from expressing any 

form agency [32] or express any motivated behavior. Furthermore, in the 

crowded cage conditions hens appear to be in a chronic state of social 
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stress, unable to distance themselves from cage mates, express dominance 

relations or resolve social conflict by means of aggression [47] - all 

conditions conducive to the development of states akin to learned 

helplessness. Cage-free environments, in turn, offer birds with a larger 

space to explore and a number of novel situations on a daily basis. Perhaps 

more important, freedom of movement is likely to provide the animals with 

the perception of control over their surroundings and decisions [33]. Within 

the limits of the aviary, hens can choose what to do, where and for how long. 

They can hide or distance themselves from conspecifics they would rather 

avoid, making the emergence of mental states associated with a perceived 

lack of control much more unlikely.  

 
A perceived lack of control can also potentiate fear [48]. Fear can be extremely 

damaging if intense or persistent, or if the animal is prevented from 
responding to the threat [49], being demonstrably linked to stress [50,51]. 
While in the complex aviary environment birds are likely to be exposed to a 
higher degree of mild intermittent stress (e.g. constant exposure to unfamiliar 

flockmates), confinement in the barren cage environment can generate a 
more sustained state of fear as a result of helplessness and deprivation [52]. 
As outlined in greater detail in Box 9.2, prior research indicates that, where 
differences are present, laying hens are more fearful when confined in cages 

(a higher level of fearfulness has also been found in broiler chickens and 
common pheasant hens housed in conventional cages compared to enriched 
and cage-free systems [53,54]). Should the time in pain due to fearfulness be 

considered, it would increase the burden of pain in the caged conditions. 

Additionally, in cages (particularly conventional cages) birds are also deprived 
of the opportunity to enjoy positive affective experiences, with no possibility 
of distraction or compensation for the negative experiences endured (Box 

9.3). If it was possible to objectively determine the extent to which positive 
affective experiences can compensate for time in pain, estimates of the time 

spent in pain in cage-free environments would be reduced further relative to 

that experienced in cages. 
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Box 9.2 Differences in fearfulness in cage and non-

cage systems 

Fear is an adaptive response that helps individuals react appropriately when faced 

with threats to their physical integrity and/or reproductive capability. It is a 

hardwired and endogenously coordinated function that responds to unconditional 

threatening stimuli, and with time, to other stimuli individuals learn to fear [55]. Yet 

despite its adaptive nature, fear can be a powerful and damaging stressor if 

intense or persistent, or if the animal is prevented from properly responding to the 

threatening situation [49]. Fear has been demonstrably linked to stress [50,51], 

potentially providing a more reliable indicator of how well the animal is coping with 

the environment [56] than traditional endocrine and immunological markers (the 

interpretation of endocrine and immunological indicators is complex, non-specific 

and confounded by many factors [57]). Furthermore, because it inhibits other 

motivational systems, fear impairs the ability of birds to express motivated 

behaviors, interact socially and adapt to change.  

Several measures of fearfulness have been devised, such as the response of birds 

to unfamiliar objects, to novel environments and the time spent in tonic immobility 

(TI) as a result of physical restraint (Box 4.1 in Chapter 4 [3]). In general, the higher 

the level of fearfulness, the longer individuals stay immobile. Where differences 

were observed, laying hens were shown to be more fearful when confined in cages 

(conventional or furnished) than when kept in cage-free housing, with significantly 

longer TI durations and less inductions needed to induce tonic immobility [16,58–

60]. This is despite the fact that TI tests may have low sensitivity to environmental 

differences [61], and might in fact induce more fear in non-cage hens because of 

the greater difficulty (hence stress) to catch them. Caged hens have also shown 

more panic reactions to novel objects, similarly indicating a higher level of 

fearfulness [62].  

The housing environment during the rearing period (prior to lay) has also been 

linked to long-term differences in fearfulness levels. For example, birds reared in a 

complex aviary system have been shown to be less fearful as adults than those 

reared in a simpler cage environment ([63,64], but see [65]), a result in line with 

evidence showing that early exposure to greater environmental complexity can act 

as a buffer against stress in the future [66]. There is also some evidence that the 

fearfulness of hens in cages, as measured by the TI test, increases considerably 

with time: in one study, differences in TI response between caged and cage-free 

hens were substantial at 70 weeks of age, but not at 30 weeks [60].  
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Box 9.3 Lack of positive affective experiences in 

cages 

Welfare is a multidimensional concept, comprising the many dimensions of an 

individual’s physical and psychological states. These states can be associated 

with both positive and negative hedonic experiences of varying intensities [67]; at 

any point, the subjective well-being of individuals will depend on a balance 

between positive and negative states.  

In this book our focus has been on the measurement of affective states of negative 

valence, namely those related to the presence of what we operationally classified 

into physical and psychological pain. This perspective is at the core of most 

research on the valuation of human health and welfare, and forms the basis of 

various policies guiding efforts at poverty alleviation and disease mitigation. For 

example, the measurement of negative states is also the method of choice in 

epidemiology and public health research to identify and mitigate sources of loss 

of quality of life in human populations [68]. Additionally, the mitigation of some 

sources of psychological pain (e.g. the frustration emerging from the deprivation 

of highly motivated behavior) necessarily translates into the provisioning of 

positive affective experiences. 

Still, should it be possible to objectively determine the extent to which positive 

affective experiences can compensate for time in pain, this would allow for a 

number of refinements. For instance, many would accept that the pleasure 

experienced by laying hens given access outdoors would compensate (but see 

[69]) for the potential additional pain from injuries in a fraction of animals due to 

accidents in this less controlled environment. Using a human parallel, this would 

equate to the higher well-being reported among inmates allowed time playing and 

socializing in the prison yard, even though it involves a higher number of painful 

injuries due to fights and occasional accidents. Additionally, access to 

experiences of positive valence can have effects that go beyond compensating for 

pain. In laying hens, evidence suggests that the provision of positive experiences 

(such as enrichment) can directly improve their affective state and make hens 

more resilient to aversive stressors: hens in enriched environments appraise 

aversive stimuli less negatively and mount smaller stress responses to restraint 

[70]. 

Although knowledge for the objective quantification of the flow-through effects of 

a life completely devoid of positive affect is not yet available, this factor should not 

be left aside in decision contexts where the welfare of animals is at stake [71–74]. 

In cage systems, particularly conventional cages, birds are deprived of 

opportunities to enjoy positive experiences. This effectively translates into no 
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possibility of compensation even for the mildest forms of suffering. Naturally, the 

goal of ensuring a life ‘worth living’ for farm animals, namely a life where the 

balance of experiences throughout life is positive [73,74], cannot be achieved in 

these systems. 

 

The possibility to fulfil various behavioral needs in aviaries is likely to have 
other positive flow-through effects, not only in terms of an improved sense 
of general well-being emerging from positive experiences but, importantly, 
in their capability to mitigate the unpleasantness of painful experiences [34]. 
In chickens, physical pain has been shown to be partially or completely 

suppressed by motivationally induced changes in attention [75–78], possibly 
through an opioid-mediated mechanism of endogenous analgesia. In general, 
the higher the motivation to engage in a behavior (hence attention diverted 
to it), the higher the degree of analgesia, with some evidence that 

inflammation subsides too [76,79]. These findings suggest that in more 
complex environments the salience of pain (and possibly the duration of the 
healing process) is reduced relative to that experienced in barren conditions 
[80] (Box 9.4). In our analysis, we conservatively assumed that the pain 

endured by an individual affected by a fracture, or wound, or episode of 
peritonitis, was the same in all housing systems. However, should this 
possibility hold, it could translate into hundreds of hours more (in addition 
to those estimated) of hurtful and annoying pain averted in cage-free aviaries 

compared to cage systems.  
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Box 9.4 Partial suppression of pain in cage-free 

environments? 

Lack of control and fear can exacerbate not only the effects of aversive conditions, 

reducing the individual’s ability to cope with negative affective states, but also the 

very perception of physical pain. For example, telling people they can give a signal 

to stop a medical procedure has been shown to effectively reduce their pain, even 

if they never use the signal [48]. Similarly, human patients who express greater fear 

of pain are more likely to focus on their painful experiences [81]. Furthermore, 

increased pain sensitivity is seen when people expect pain [82]. In general, the 

more attention diverted to pain, the greater its perceived intensity. Conversely, 

distraction is one of the most commonly used methods to control pain in human 

patients [83], particularly in poor settings where the cost of painkillers is prohibitive 

[84].  

In chickens, physical pain has been similarly shown to be partially or completely 

suppressed by motivationally induced changes in attention. In a series of 

experiments, Gentle and colleagues [75–77] used a model of a tonically painful 

inflammation akin to that experienced in acute gouty arthritis [78], a highly painful 

condition resulting from the formation of sodium urate crystals in the joints. In 

these experiments, pain was induced by an intra-articular injection of sodium urate 

into the chicken’s ankle, lasting for at least three hours, during which the chicken 

showed typical pain-related behaviours, including sitting, limping, and an 

unwillingness to walk or stand on the affected ankle [85]. However, when urate-

injected birds were provided with exploration and social opportunities [75], or 

placed in situations designed to increase their feeding motivation [77], complete 

analgesia or significantly less pain-related behaviours was observed. For example, 

in enriched environments, birds showed no signs of pain, fear or distress, behaving 

instead as normal, alert birds whose attention was directed towards exploring the 

environment. The possibility that the absence of pain-related behaviors indicate 

the absence of pain was further confirmed by additional experiments, in which 

urate-injected birds were treated with naloxone, a medication that blocks the 

effects of opioids [77]. For these birds, pain-related behaviors were not 

suppressed, suggesting a role of endogenous opioids in the analgesic effects 

observed. Overall, these results indicate that the possibility to fulfil any strong 

motivation results in endogenous analgesia, presumably by diverting attention 

away from the pain [77,85]. The authors suggest that the higher the motivation to 

engage in a behavior (hence attention diverted to it), the higher the degree of 

endogenous analgesia: when the birds could engage in preferred behaviors, such 

as nesting and feeding (following a period of food deprivation), complete 

endogenous analgesia was observed [77]. Additionally, not only was pain 
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suppressed, but also the clinical signs of inflammation, presumably through the 

reduced effect of the neurogenic component of inflammation [76,79].   

These findings have important implications for welfare comparisons among 

animals kept in conditions offering different possibilities of distraction. They 

suggest that in more complex environments the salience of pain (and possibly 

healing times) is reduced relative to that in barren conditions [80]. It follows that 

pain resulting from harms such as bone fractures, foot problems and peritonitis is 

possibly reduced in cage-free housing. This possibility should be investigated 

further.  

 

A further increase in the burden of pain in cages relative to aviaries is also 
expected when one considers that caged hens are often depopulated at a later 
age (in the present analysis, we considered the same laying cycle, of about 70 
weeks, for all housing systems). The inclusion of the last weeks of life of a 

caged hen in the analysis would possibly increase the burden of pain in cages 
substantially. First, by extending by many weeks the chronic states of pain 
associated with the welfare challenges analysed. Second, by including the 
effect of procedures such as induced molting, a practice associated with 

important welfare concerns and still widely adopted outside Europe. (for 
example, in the United States, 60-80% of commercial caged layers are 
estimated to be molted [86–88], compared to less than 15% in cage-free 
production [86]). Finally, by encompassing the multiple comorbidities 

present in the last weeks of life in caged hens [35]. Again, survey data from 
the United States indicate that cage-free flocks are depopulated when 
mortality reaches on average 6.4%, compared to 10.5% for flocks raised in 
conventional cages [86]. We hypothesize that caged systems can extend poor 

health states for a longer period of time [9], as health conditions producing 
weakness, lethargy, or reduced movement can be prolonged since no 
displacement or effort is needed for sick or critically ill individuals to keep 

eating and drinking, allowing for a higher prevalence of morbid individuals 

still in production.  
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Going Forward 

Although most of the egg laying hens alive are still housed in conventional 
cages (Chapter 2 [7]), large-scale changes towards cage-free production are 
underway in many countries. Here we quantified the impact of this transition, 
estimated based on the time at each intensity of pain prevented for each hen 

no longer raised in a cage. To this end, we focused on key welfare challenges 

to which laying hens experience during the laying cycle.  

The present estimates point to thousands of hours of pain prevented for every 

laying hen raised in an indoor cage-free aviary instead of a cage (both 
conventional and furnished). Even when considering all the uncertainty in 
the parameters used in the calculations (intensity and duration of exposure to 
harms, their occurrences and prevalence in the population), the risk of these 

claims not holding is low. On the contrary, we have argued that the expansion 
of the analysis towards the inclusion of other challenges not presently 

considered will possibly amplify the differences found. 

While our estimates indicate that cumulative time in pain endured in cage-
free aviaries is substantially lower than in caged conditions, they also show 
that a long time in pain is still spent in these environments, predominantly as 

a result of ailments associated with selection for high levels of egg production. 
The high prevalence of painful reproductive disorders (such as egg peritonitis 
syndrome) is an illustrative example, along with the tendency to perform 
injurious pecking, a behavior that ‘seems to have been selected inadvertently as a 

trait that hitchhiked on the back of selection for early onset of egg laying and the ability 
to use calcium to produce good-quality eggshells’ [39]. Even more importantly, 
selective breeding for productivity and an extended laying period, and the 
resulting use of structural bone for egg shell production, has led to the 

widespread occurrence of osteoporosis and increased bone fragility [89]. 
Bone fractures were, by far, the greatest contributor to the burden of pain 
endured by laying hens, accounting for 66%, 82% and 64% of the hours in 
disabling, hurtful and annoying pain in cage-free aviaries (before 

depopulation). The continued selection for persistence of lay production, 
with expected cycle increases to 100-120 weeks, is likely to result in birds that 
are even more susceptible to osteoporosis, not only increasing the time spent 

in pain, but also the pain endured per unit of time.  

Improvements in these conditions will likely require the use of genetic 
selection techniques (e.g., both bone strength characteristics and injurious 
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pecking tendencies have been found to respond readily to selection [14,90]), 
even though this may be in detriment to laying performance [91]. The 
prioritization of traits other than production would also have multiple 
additional welfare benefits, reducing the incidence of production diseases 

such as egg peritonitis syndrome, the frequency of vent trauma (that often 
triggers episodes of vent cannibalism) and potentially redirecting energy for 
the proper expression of behavioral traits (genetic breeds selected for high 
egg production in a small cage without enrichment and without the 

requirement of well-developed motoric, sensory, or cognitive abilities is 
thought to have caused undesirable side effects, including more aggressive 
social behaviour [35] and a reduction of brain size with possible functional 
consequences [14]). Also, at a time of global sanitary crisis, genetic selection 

that does not prioritize a single trait (productivity), but maintains a reasonable 
level of rusticity and balance between the different needs of the organism 
(including a healthy immune system), should contribute to reduce the 
likelihood of future infectious disease outbreaks that spill over to the human 

population [92–94].  

The move away from caged production provides an opportunity for the 

selection of birds sufficiently robust to withstand the more complex and 
varied social and environmental conditions outside the cages [91]. However, 
policies and reforms that compromise productivity will meet with resistance 
[95]. In this sense, some authors have proposed the development of 

mechanisms to raise incentives for a low prevalence of fractures and injuries 
in laying hens, coupled with penalties for a high prevalence [96]. The 
monitoring of these and other conditions could be greatly improved by the 
enforcement of rigorous pass/fail criteria in inspections at the abattoir, by 

independent welfare auditing at depopulation and the implementation of 
mechanisms to improve transparency in the production and finishing chains 

[35]. 
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Research Possibilities 

Surprisingly little research has been dedicated to the understanding of the 

impact of different welfare challenges at the individual level (where 

suffering occurs). Little is known about clinical evolution of the various 

welfare issues affecting commercial layers (e.g. healing times, duration of 

exposure), the likelihood of different clinical outcomes, rates of recurrence, 

and how adversely welfare harms are perceived by the individuals affected. 

Similarly, knowledge on case-fatality rates, comorbidity patterns and the 

prevalence of different conditions over the laying cycle is scant.  

Although the existing lack of knowledge and data has been incorporated 

into the uncertainty intervals associated with the parameters used, there is 

much room for improving the estimates presented here as knowledge 

advances - we very much welcome any contribution that allows adjusting 

and updating this analysis. Expansion and refinement is not only possible 

given the modular structure of the analytical framework used, but desirable.  

In previous chapters we highlighted the main research gaps that emerged 

in the analysis of the individual welfare challenges examined. In addition to 

these specific data gaps, we believe that longitudinal studies targeting 

individual birds in commercial conditions are very much needed. They can 

help understand (1) the extent to which each welfare harm disrupts the 

routine and behavior of the individuals affected, hence helping establish the 

degree to which conditions are perceived as aversive; (2) the recurrence of 

harms (how many wounds, attacks, fractures, or disease episodes an 

individual animal endures over the laying cycle); (3) the temporal evolution 

of each harm, including fatal conditions; (4) the rates of spontaneous 

healing in the case of injuries and diseases; (5) patterns of comorbidity and 

(6) the extent to which behavioral opportunities are realized in cage-free 

settings, and how this changes over time. The availability of methods to tag 

and video-record animals should greatly facilitate efforts in this direction. 

Similarly, comprehensive necropsy studies based on the random and 

systematic sampling of apparently healthy hens (those still alive until 

depopulation) kept in different production contexts can help determine the 

prevalence of a number of non-fatal conditions in layer flocks, and the extent 

to which these conditions are correlated. Data collected in this way can shed 

light on potentially neglected sources of suffering in layer flocks, and on the 

risk factors for the development of important conditions (such as keel 

fractures). In fact, necropsy surveillance is already performed routinely in 

many countries, but concentrated on indicators related to food safety. With 
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protocols that include the collection of additional data, existing surveillance 

efforts could provide valuable welfare information.   

Finally, the possibility that in environments where animals can fulfil 

important behavioral needs the salience of pain and healing times are 

reduced relative to that experienced in barren and confined conditions 

should be investigated further. Should it be supported, it would have 

important implications for policies and reforms in all areas of animal 

welfare. 
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