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Resumo 

O objetivo desse trabalho foi revisar os aspectos relacionados com o comportamento natural 

das aves, o estresse sofrido quando submetidas ao confinamento, a importância do estudo da 

densidade mineral óssea e o entendimento das causas da osteoporose e medidas cabíveis a 

serem adotadas para atenuar a severidade desta doença e contribuir para o bem-estar animal. 

Portanto, vê-se a importância de pesquisas na área de mineralização óssea, adaptações ao 

ambiente e dietas com níveis adequados cálcio, vitamina D e fósforo para manutenção da 

qualidade do tecido ósseo das aves. 

Palavras-chave: Comportamento; Densitometria óssea; Produção avícola; Estresse. 

 

Abstract 

The objective of this review aspects concerned with the natural behavior of birds, the stress 

suffered when subjected to confinement, the importance of the study of the mineral bone 

density and the understanding of the causes of osteoporosis and appropriate measures to be 

taken to mitigate the severity of this disease and contribute to animal welfare. Therefore, the 

importance of research in the area of bone mineralization, adaptations to the environment and 

diets with adequate levels of calcium, vitamin D and phosphorus for maintenance of the 

quality of the bone tissue of birds is seen. 

Keywords: Behavior; Bone densitometry; Poultry production; Stress. 

 

Resumen 

El objetivo de esta revisión bibliográfica fue revisar aspectos relacionados con el 

comportamiento natural de las aves, el estrés sufrido al estar encerrados, la importancia del 

estudio de la densidad mineral ósea y la comprensión de las causas de la osteoporosis y las 

medidas apropiadas para tomar mitigar la gravedad de esta enfermedad y contribuir al 

bienestar animal. Por lo tanto, se ve la importancia de la investigación en el área de 

mineralización ósea, adaptaciones al medio ambiente y dietas con niveles adecuados de 

calcio, vitamina D y fósforo para el mantenimiento de la calidad del tejido óseo de las aves. 

Palabras clave: Comportamiento; Densitometría óssea; Producción avícola; Estrés. 
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1. Introduction  

 

The Brazilian egg production chain has high technology, conquered by the knowledge 

and advancement of genetics with the use of high-yielding strains, nutrition, health and 

ambience and management with the use of automated poultry farms in cage battery systems 

leading poultry production to industrial levels (Vieira, 2014). 

The breeding of laying birds in battery cages known as the conventional system is the 

most widespread in Brazil and has become one of the most discussed topics in animal 

production today and one of the greatest controversies about bird welfare due to the growing 

conviction of consumers that food-producing animals should be treated well (Praes et al. 

2012).  

The technological evolution of poultry farming has resulted in several disputes about 

animal welfare, which are related, among others, to the reduced space offered; and the lack of 

management with environmental enrichment in the conventional system that make it 

impossible or limit the set of activities regarded as important for birds, besides the 

management practices employed as high density, forced molting, pecking, among others, have 

been challenged or even banned in several countries (Mazzuco, 2008; Cabrelon, 2016). 

With the exception of Europe, where legislation already exists prohibiting the use of 

unenriched cages since January 2012 (COUNCIL DIRECTIVE, 1999; IACA, 2013), in a 

battery cage system, known as conventional, it is predominant in the housing of laying birds 

(Tauson, 2005). The Brazilian Institute of Geography and Statistics (IBGE) only takes into 

account the numbers of egg production of hen farms with at least 10,000 laying birds, i.e. 

many small producers are out of these statistics (Amaral et al., 2016). In 2018, approximately 

115.6 million laying chicks were housed in Brazil (Ovo online, 2018), and production in this 

year was a historical record of 3.6 billion of dozens of hen eggs (IBGE, 2018). 

The search for the implementation of new breeding systems which aim at the welfare 

of birds has gained worldwide prominence and more recently in the national poultry sector, 

seeking to induce them to satisfactory conditions of quality of life, providing behavior near-

close to the natural one within the facilities  and with a high yield (Oliveira et al., 2014). 

Thus, this research aims to show the scenario of the poultry industry and the desire for 

profitability to the detriment of welfare of layers, due to the high stocking densities and the 

impossibility of the expression of the natural behavior of birds, resulting in stress and bone 

fragility, focusing on osteoporosis, with a fall in performance and weakness of the birds. 
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2. Methodology 

 

This is a literature review article quantitative (Pereira et al., 2018), highlighting the 

serious problem that occurs in the production of laying hens, which are the bone problems 

found, especially because these birds remained longer in the production system, with the 

extended cycle. The way animals are raised and animal welfare have been widely discussed in 

the scientific community and the consumer market. Therefore, this article would address 

aspects of the production system, its interaction with the bone quality of animals and the main 

parameters of bone quality to be known. 

The more importants government documents, books, theses, dissertations, scientific 

articles in research bases such as Google Scholar and Scielo were analyzed. 

 

3. Results and discussions 

 

3.1 Animal Welfare  

 

In 1964, the Englishwoman Ruth Harrison played a pivotal role at the beginning of the 

modern animal welfare movement by publishing “Animal Machines: The New Farming 

Factory Industry” (Harison, 1964). The author criticized intensive animal husbandry 

practices, particularly the use of industrial chicken cages, calf cages and the large-scale 

production of broiler chicken, which had become increasingly common after World War II. 

There was an intense public repercussion, sensitizing the British Government, to the 

establishment of a group appointed by the British Ministry of Agriculture to examine animal 

welfare issues. The committee, chaired by Professor Roger Brambell, presented the 85-page 

Report of the Technical Committee on the Welfare of Animals Kept Under Intensive 

Livestock Husbandry Systems, “The Brambell Report” (Command paper 2836, 1965).  

The official concept of Animal Welfare was then first cited by the Brambell 

Committee in 1965 to assess the conditions under which animals were kept in the intensive 

production system in that country. According to the committee, Animal Welfare is an 

encompassing term that concerns both physical and mental well-being. Therefore, any attempt 

to assess the welfare of an animal should consider physical (physiological) as mental 

(behavioral) aspects (The official concept of Animal Welfare was then first cited by the 

Brambell Committee in 1965 to assess the conditions under which animals were kept in the 
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intensive production system in that country. According to the committee, Animal Welfare is a 

broad term that concerns both physical and mental well-being. Therefore, any attempt to 

assess the welfare of an animal should consider physical (physiological) as mental 

(behavioral) aspects (Command paper 2836, 1965).  

The Brambell Commission report was often cited in terms of freedom of movement, 

motion and mental welfare of animals, but many other aspects of welfare discussed in the 

report were often overlooked (Gonyou, 1994). The group gave rise to the creation, under the 

British Government, of the Farm Animal Welfare Advisory Committee, later replaced by the 

Farm Animal Welfare Council (FAWC, 1993), perhaps to correct an imbalance in the report 

of the suggestions of the Brambell Committee.  

The Five Freedoms were created to allow the qualitative assessment of the physical, 

mental and natural aspects of well-being (Brambell Committee, 1965; FAWC, 2009), where 

the animal must be free of pain, injury and disease; free of discomfort (environmental stress); 

free from hunger, thirst and malnutrition; free from fear and anguish (mental stress); and free 

to express its natural behavior. A concept that complements the five freedoms, first published 

in 1993 and later mentioned and discussed in 2009 (FAWC, 2009). Later, another concept of 

animal welfare was presented by Broom (2014), who defined it as the state of the individual 

in relation to its attempts to adapt itself to its environment, and Siegel (1989) related animal 

welfare to the physiological and behavioral harmony that the animal experiences.  

Welfare aims to study, identify and recognize the basic needs of animals, with a view 

to their measurement and applicability (Keeling et al., 2011) and its definition has become a 

topic of worldwide interest, which includes the care of the human beings towards animals and 

production of better quality products, in addition to the tangible benefits to ensure animal 

welfare (Cabrelon, 2016).  

In practical terms, the BEA establishes a scale that includes the physical, mental 

health, behavior of animals and their social interactions and their adaptation to the 

environment and that ranges from very good to very bad, where the physical, physiological, 

psychological, behavioral needs, social and environmental aspects of an animal are (Grandin 

and Johnson, 2010).  

As a result of the extensive differences to the physiological and behavioral responses 

to the problems, it is necessary that any well-being assessment includes a wide range of 

measurements. As an instance, the physiological measures, or the existence of neuromas 

(Gentle et al., 1997). The Welfare Quality Project was created in 2004 to improve knowledge 

of the forms of associations between the different variables and their consequences in relation 
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to the severity of the problem and it identifies four principles for the evaluation of the welfare 

of farm animals, with twelve independent criteria.  

According to Grandin (2015), the recognition of pain in animals can be categorized 

into serious problems, with situations that generate suffering of the animal, such as handling, 

transport and high density. Once the problem is identified, it must be corrected immediately. 

The recognition of the pain or suffering of the animal is easily perceived when the biology 

and behavior of the species is known (Viñuela-Fernández et al., 2011). 

There are many welfare indicators, which vary according to the species studied 

(Zanella, 1995). Increased heart rate, adrenal activity, adrenal activity after challenge with 

adrenocorticotropic hormone (ACTH), or reduced immune response after a challenge may 

indicate that well-being is more reduced than in individuals who do not show such changes. 

Results of physiological measurements should be interpreted with caution, as should those of 

other measurements (Bright et al., 2007).   

The diagnosis of behavioral abnormalities (etiopathies, psychopathies, sociopathies), 

one of the most studied being stereotypical conduct, self-mutilation, feather pecking on birds 

or excessively aggressive behavior indicate that the animal is under conditions of poor 

welfare (Fraser, 2009). A specific example of the effect of facilities which leads to poor 

welfare is the consequence of the severe reduction of the possibility of exercise. The literature 

reports that hens, turkeys and quails are pre-disposed to aggressivity reactions such as pecking 

and cannibalism, and such behaviors become more evident when birds are housed at high 

population density (Moraes, 2018).  

The answers to the disputes are that they need definitions, solutions and scientific 

approaches, since there is a positive correlation between animal welfare and yield. (Mazzuco, 

2006a; UBA, 2008).  

 

3.2 Adaptation for flight X Confinement 

 

The skeleton of birds has two striking characteristics regarding flight adaptation, 

lightness and strength (Feduccia, 1986). Lightness occurs through the process of 

pneumatization of the bones by the extensions of the air sacs (Feduccia, 1986). The air sacs 

are extensions of the bronchial system and occupy the coelomic cavity in particular, along 

with the abdominal and thoracic viscera. The degree of pneumatization is directly related to 

the effectiveness of the flight of birds, having greater advance in those with higher flight 

capacity (Dyce et al., 1997). 
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As far as resistance is concerned, this occurs by the fusion and, most of the times, 

elimination of bone tissue with reduced cortical thickness and less amount of spongy tissue 

relative to mammals. The fusion is visible in the pelvic cingulate and in the cranial bones. The 

pelvic limb and distal bones of the wing present integrated fusion and elimination (Feduccia, 

1986). Added to this, the existence of high mineral content (Dyce et al., 1997), enables the 

aspect of hardness to the bones, thus contributing to increase their strength (Sanni, 2017). 

Much of the normal behavior of birds is hindered and made impossible by 

confinement. Mating, hatching and caring behavior are prevented, keeping only egg-laying 

activity (Singer, 1991). 

Layers have needs that derive from their basic biological functioning, such as search 

or nesting; obtaining nutrients and water; interaction with other birds; its growth and its 

maintenance; exploitation and response to signs of potential danger; ability to minimize an 

event of pain, frustration and fear; cleaning and dusting behavior in the sand; display of food-

seeking movements and possess satisfactory exercise. And such needs are met by means of 

the carrying out of different activities, of the maintenance of certain physiological states, and 

of the response to stimuli (Broom, 2001). 

The consequences of the lack of exercise for prolonged period fall upon the muscles 

and bones. When birds are coming from battery-caged systems, they present increased 

brittleness and lesser bone weight, compared to birds with greater possibility of movement 

(Meyer and Sunde, 1974), noticing higher number of birds with lameness when housed in 

cages, Kraus (1978), and significantly higher degree of osteoporosis and osteomalacia in birds 

housed in cages than in group-dwelling or free-range birds (Loliger, et al. 1981). Fractures 

occur most often in hens housed in cages with limited space for movement and motion 

(Mazzuco, 2005). According to the author,  a type of osteoporosis occurs that develops due to 

the absence of the muscle strength exerted on the bones, leading to reduced bone formation 

and maintenance and decreased bone mass.  

Fractured bones in the process of removing birds destined to slaughter are evidence of 

poor animal welfare. Simonsen (1983) found the incidence of bone fractures in the wings 

upon arrival at the slaughterhouse of 0.5% for birds produced in systems with freedom of 

movement and motion while those housed in cages increased to 6.5%. Gregory and Wilkins 

(1989) dissected 3,115 layers housed in battery cage systems that were slaughtered at the end 

of the production cycle in the UK and found that around 29% had fractured bones prior to 

arrival at the electrical waterbath stunning at the slaughterhouse. The points that presented the 

greatest damage were the removal of the animals from inside the cages and the hanging on the 
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overhead poultry conveyor. According to Knowles and Broom (1990), birds housed in battery 

cages are less active than those that live in terrace system or in a shed com perch and 

sufficient forces to fracture the humerus and tibia are lower for cage birds.  

Calcium and vitamin D are fundamental factors for bone development in the layer diet. 

However, despite the nutritional balance of the diet, the lesser activity in the battery cage 

system increases the possibility of occurrence of fractures. In addition to the diet, genetics 

also determine the basic morphology of the skeleton, but the final mass and bone architecture 

are modulated by adaptive mechanisms sensitive to mechanical factors (Forwood, 2014). In 

several studies, 25 to 40% of the battery-caged birds in the final laying phase showed at least 

one fractured bone after management prior to stunning and 98% of the carcasses had a 

fractured bone (Gregory and Wilkins, 1989; Gregory et al., 1990, 1991). In the skeleton, the 

clavicle, wings and pubic bones are the most affected (Clark et al., 2008). The number of 

fractures has been reduced in perched sheds and poultry houses, although bone fractures occur 

in overcrowded or improperly designed sheds. In situations with insufficient opportunity for 

the birds to exercise, bone strength in the legs and wings was reduced. When in cages that 

made it impossible for the birds to flap their wings, their bones held only half the strength 

when compared to birds housed in perched sheds, which could flap their wings (Knowles and 

Broom, 1990; Norgaard-Nielsen, 1990). 

 

3.3 Stress and suffering of birds   

 

Animals need to meet their physiological, behavioral and psychological needs to 

survive in an environment that is constantly changing. Friend (1991) reported that animals are 

subject to a wide variety of stressing factors, exogenous or endogenous, and the ability to deal 

with acute and chronic stress and the capacity of interacting and responding to these changes 

is what enables adaptation and survival. 

Therefore, stress is a physiological response of the organism caused by the alteration 

of homeostasis, which seeks to provide the body with subsidies to act and adapt to these 

changes. If there is a prolongation of the stressful process, there will be disorders in the body, 

resulting in production, reproductive, behavioral and psychic changes. The occurrence of 

production disorders in domestic animals, or due to stressors, favors decreased production, 

reproductive problems, behavioral disorders and significant physiological changes. Therefore, 

before any behavioral, autonomic or neuroendocrine biological measure can be used to 
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measure stress, it must be established that the change caused by stress in that measure has a 

significant correlation in well-being (Kjaer et al, 2011). 

Birds may feel the variations of the environment they live in, being induced to the 

state of stress, with subsequent blood release of adrenocorticosteroid hormones and changes 

in the leukocyte cell numbers (Sturkie, 1986). In this sense, its environment should be 

considered as one of the main success points in breeding, because during stress, especially by 

heat, physiological (electrolyte imbalance), hormonal (costicosterone, T3 and T4) and 

molecular misfits that weaken birds, impairing performance and making them susceptible to 

opportunistic diseases (Quinteiro-Filho, 2008). 

Research results have reported the consequences of changes in poultry physiology due 

to stress from various sources, such as decreased immune response and productive 

performance as laying rate, weight loss, reduced feed intake. Primary manifestations that may 

or not progress to disease and, consequently, death (Mazzuco, 2006b). 

Adrenal hypertrophy, increased corticosterone in the circulation, immunosuppression 

are stress indices (Siegel, 1995). Cortisol levels in mammals or corticosterone in birds and 

rodents can be monitored by means of the plasma, saliva, feces, hair/feathers or urine. Some 

(authors consider glucocorticoid levels as indicators of AWF. This hormone is released by the 

adrenal cortex and becomes multifunctional in both comfort and stress states of birds. 

Changes in behavior, metabolic patterns, endocrine and immune functions are triggered by 

corticosterone, which ensures the physiological balance (homeostasis) compared to several 

situations (Cheng and Muir, 2004).  

Blood corticosterone levels of birds kept on floor proved high, or low, or even without 

significant difference when compared to levels of birds kept in cages. In another study in 

which a group of birds was kept in conventional cages or on floor with the same densities of 

7.430 cm2/bird, the results showed similar blood corticosterone concentration (Koelkebeck 

and Cain, 1984).  

 

3.4 Densidade or stocking rate in cages  

 

In commercial farms, in general, laying birds are kept in cages in limited space at the 

various production phases. In view of this, several studies have identified welfare problems in 

birds kept in this breeding system, standing out that population density as the number of birds 

per cage increases, the performance of layers is harmed, caused by the competition pressure 
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for space. (Moinard, 1998). According to Struwe et al. (1992), high densities may result in an 

unfavorable environment for bird welfare and may even become a stressful factor.  

The European Union has approved, within the CEC Directive (1999), the banning of 

conventional cages from the production system since 2012, allowing no investment in this 

type of cage since 2003 (Appleby, 2003), recommending that birds housed in enriched cage 

systems, at least 750 cm2 area/bird with 600 cm2 the minimum usable area, available in the 

same type of cage (Mazzuco, 2008).  

In Asia and the United States, densities of around 400 cm² per bird are used and in 

Brazil, it lies in the range of 350 to 450 cm² per bird. In some egg-producing units, it is 

possible to find densities below this (Vieira et al., 2014). 

The space below 350 cm2 per bird in cages has a negative impact on laying, in 

addition to increasing flock mortality (Garcia et al., 2015), but commercial egg producers, 

aiming to increase net profit, exploit the maximum capacity of the production systems. Thus, 

they tend to increase the number of birds per cage; based on the belief that increased egg yield 

per cage maximizes profit and compensates for the negative effects of high density (Rocha et 

al., 2008). 

The recommendation made by the Brazilian Poultry Union for bird densities in cages 

is 375 cm²/bird (white) and 450 cm²/bird (red) basing on a cage measuring: 45 cm x 50 cm = 

2250 cm² (UBA, 2008).  

Several studies have shown that the increase of the cage density and reduction of the 

feeder area caused fall in the performance of laying hens and significant decline in egg /bird/ 

day yield, egg weight, feed intake and increase in bird mortality (Rocha et al., 2008).  

Anderson et al. (1992) evidenced losses in the performance of laying hens, when the 

space was reduced from 482 to 361 cm² per bird and Silva et al. (2006), observed that the 

housing of light laying hens at density of 375 cm² affected egg yield, suggesting that severe 

space restriction should be avoided, as the aggression mortality was 11%. Contrary to these 

results, Garcia (2003) found no impairment in weight gain and live weight with increasing 

density of semi-heavy laying hens during cria and recria and white layers (Garcia et al, 1993). 

Similarly, Pavan et al. (2005) did not find negative effects of the stocking rate of 375 cm2 to 

563 cm2/bird in the cage on egg yield, egg weight and feed intake. 

In an extensive review on the subject, Lay Jr (2011) e Vieira et al. (2014) concluded 

that one of the most important issues during the last decades is the need to improve the 

housing conditions of laying hens, however, as can be observed in the works mentioned by 
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the authors, that none of the systems is the ideal for welfare, aspects of egg yield production 

and quality together and should therefore be investigated.  

 

3.5 Bone condition of birds housed on floor and in cages 

 

The diseases that confined animals may present in their locomotor system are of 

paramount economic importance for animal production, resulting in worsened performance 

and welfare (Almeida Paz et al., 2009). 

The floor of the cages for being of wire can cause by deformities in the feet, feathering 

problems and bone fragility (Tauson, 2005). 

Normally, birds raised on floor exhibit better muscle and bone strength. However, 

Michel and Huonnic (2003) stated that breeding in this system can aggravate such a 

condition, in addition to the rates of muscle injury are higher in this system, as well as that the 

mortality rate having been higher on floor than in cages.  

Andrews et al (1990) compared plastic-wrapped wire floors presenting 1.5 x 1.7 cm 

openings. They made use of the combination 2/3 of this floor plus 1/3 of bed and the same 

combination with wooden slatted flooring. The results showed that the yield of poultry kept 

on bed floor was relatively higher when compared to the other different types of flooring. 

Birds housed in the other systems presented fertility, hatchability and mortality rates similar 

to the litter system; however no foot injury was detected in all systems. 

The countries of the European Union have focused on developing cage-free 

commercial laying systems, called alternative systems. These own a more complex system 

where birds are raised on the ground in large groups and with a minimum space of 1111 

cm²/bird or 9 birds/m² (Paixão, 2005). Laying hens have access to nests, perches or slats at 

various heights from the ground, area with bedding for sand-bath and can still present an open 

part with access to pasture. For contributing toward the increased motion and movement of 

birds, such systems improve the strength of their bones, but due to greater exercise 

opportunity, raise the occurrence of fractures, resulting from accidents such as perch fall when 

pushed by the other birds or beats during flight (Whitehead and Fleming, 2000).  

Nicol (1990) with the purpose of improving the housing conditions of laying hens, 

introduced perches, nests and recreation area (sand), with system of large cages, housing up to 

60 birds, this system has been known as the "get-away". Currently, the cages have a volume 

of 1m³, housing between 15 to 40 birds, overlapping on two floors. The perches are arranged 

on two levels, so that birds do not defecate over each other, allowing for greater movement 
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and flapping with greater frequency. Such behavior strengthens the tibial and wing bones by 

at least 15% and improves the skeleton. However, the mortality rate and egg yield are lower 

compared to the conventional system, probably justifying the larger number of birds. On the 

other hand nails, wear out naturally by means of the act of scratching on sand through as well 

as the feathers, largely meeting the wishes of the ethologists. (Tauson, 1998). 

Experiments were conducted in order to evaluate the higher demand of physical 

activity on bone tissue (Bizeray et al., 2000), as for instance, Fleming et al. (1994) noted that 

cage-raised layers presented lower values of mineral density when compared to those raised 

on the bed, indicating that the environment may influence the quality of the bone tissue of 

animals. 

 

3.6 Study of the mineral bone density  

 

For the evaluation of mineral bone density, the animal restraining becomes necessary, 

which can be manual, indicated for quiet birds (Williams Walsh, 2002). However, it presents 

as a disadvantage the increase of the exposure to the radiation of the personnel involved 

(Lavin, 1994). Physical restraining occurs through the use of tools such as ropes and adhesive 

tapes. Manual and physical restraining methods are not indicated for excited birds, due to the 

likely occurrence of injuries to them. Thus, injectable sedatives and inhaled anesthetics are 

used, being considered safer than  radiographic examinations (Lavin, 1994).  

Historically, changes in bone integrity have been measured by using invasive 

techniques such as biomechanical tests for break strength, mineral analysis of ashes, bone 

ashes and histomorphometry (Mazzuco, 2005). 

The methodologies used for the analysis of mineral bone density are: radiographic 

photometry, radiographic photodensitometry, ultrasonography, neutron activation analysis, 

computed tomography, direct photon absorption-SPA and dual energy radiographic 

absorptiometry (DXA) and optical densitometry in radiography (Grier et al., 1996). 

To quantify bone mass, both invasive and noninvasive methods can be used. Among 

the Invasive ones are microradiography, histomorphometry, ash analysis, atomic emission 

spectroscopy, and “back-scatter” electron microscopy. Such techniques do not allow the 

sequential evaluation of the bone mineral density of the same individual, besides being 

necessary to euthanize the animals in significant quantity for the conduction of the experiment 

(Markel et al., 1994). 
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On the other hand, the non-invasive methods are divided into non-radiological and 

radiological methods. Non-radiological methods refer to ultrasound and magnetic resonance 

techniques (Chilvarquer, 2000). The radiological ones include single energy photon 

absorptiometry (SPA), dual energy photon absorptiometry (DPA), dual energy x-ray 

absorptiometry (DXA), quantitative computed tomography (QCT) and radiographic optical 

densitometry. This last technique has lower cost than the others and presents greater 

accessibility. (Louzada et al., 1997; Mautalen & Oliveri, 1999). 

 

3.7 Osteoporosis  

 

Poultry osteoporosis has been recognized as a multifactorial metabolic disease in 

commercial poultry for over 45 years. Laying hens are susceptible to osteoporosis due to the 

high laying rates maintained during an egg production cycle. Modern laying hen strains 

produce more eggs than their ancestors, in addition to low feed intake due to reduced appetite, 

which resulted in increased utilization of calcium stored in bone for deposition in the shell. 

(Mazzuco, 2006b). 

Genetics, the environment and nutrition have additional and independent effects on the 

condition of the bones of layers suffering from osteoporosis. Genetics is the most effective 

component, followed by the environment and subsequently nutrition (Fleming et al., 2006). 

Despite osteoporosis having no prevention as to diet, the good quality of the diet can reduce 

disease severity (Fleming et al., 1998). However, the timing of the dietary intervention 

becomes critical with the increase in the rates correct of vitamin D, calcium and phosphorus 

during the laying period, as it extends the peak of bone quality before increasing bone 

resorption in the laying phase, in which a high number of active osteoclasts is directed 

towards calcium resorption and mobilization from trabecular, medullary and cortical bones 

(Fleming, 2008). Osteoporosis is characterized by bone fragility, since, despite bone 

mineralization looking normal, the bone matrix is restricted and the trabeculae are often thin 

due to the imbalance between bone formation and bone resorption (Knowles & Wilkins, 

1998). 

Conventional cages represent a concern for well-being because limited space restricts 

bird movement and activity, preventing them from presenting normal behavior, causing stress 

and contributing to the occurrence of osteoporosis. (Whitehead & Fleming, 2000, Vits et al., 

2005). 
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3.8 Alternatives for the maintenance of bone tissue  

 

Vitamin D is essential for shell formation, maintenance of egg production and calcium 

homeostasis. Cholecalciferol, a form of vitamin D, is produced in the body and displaced to 

the outer layer of the skin. When absorbed, it is transported to the liver and gives rise to 

metabolite 25-hydroxycholecalciferol (Leeson & Summers, 2001; Pesti et al., 2005). Soares et 

al. (1995) found that 25-hydroxycolecalciferol metabolite is 2.5 to 4.5 times as active as 

cholecalciferol, being important for preventing bone problems and eggshell thickness. 25-

hydroxycholecalciferol may be up to 200 times more effective in intestinal calcium absorption 

than cholecalciferol (Leeson & Summers, 2001). The recommended levels for laying are 

around 300 to 2,500 IU/kg of feed (Rostagno et al., 2005). With regard to vitamin C, 

supplementation in diets has been found to improve the condition of leg bones in birds under 

stress (Leeson  & Summers, 2001).  

Other nutritional strategies are important aiming at the maintaining the health of the 

bone tissue, among them a very important mineral is calcium. About 99% of the total of this 

mineral that the chicken possess, is located in the bones and have a direct participation in the 

quality of the bone tissue and shell of the eggs produced (Olgun & Aygun, 2016). Nascimento 

et al. (2014) found that bone strength increased linearly when Ca levels were increased (from 

2.85% to 5.28%) in layer diets (80 weeks old), not only the amount of calcium supplied in the 

diet is important, but also the source and particle size of the limestone. Oliveira (2012) using 

240 Hisex White laying hens at 82 weeks of age and in the second laying cycle, distributed in 

a randomized design in a 5x2 factorial scheme, resulting in 10 treatments with four 

replications of six birds. The following factors were investigated: two types of lighting, with 

and without artificial light and five inclusions of coarse limestone in proportion to the fine 

limestone of the diet (0, 25, 50, 75 and 100%). At the end of the experiment, the birds were 

euthanized and the tibias were used for bone quality analysis. In the data analysis, there was 

no significant effect (p> 0.05) of the coarse limestone levels, of the use of artificial light or of 

the interaction between these factors on bone mineral density measured by the Seedor index 

and mineral amount in the tibia. However, break strength of the tibia and deformity had a 

significant influence due to the change in the particle size of the calcium source of the laying 

diet, due to the increase of the levels of coarse limestone. With the increase in the proportion 

of coarse limestone in the diet, bone deformity increased, reaching an estimated maximum of 

63.33% of coarse limestone (0.60 mm) in substitution of fine limestone (0.23 mm), while for 

bone strength, the estimated maximum point was 58.88% of coarse limestone.  
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The ratio between calcium and phosphorus may also influence bone quality, Almeida 

et al. (2012), studying 378 Hy-Line W-36 chickens during the second laying cycle, distributed 

the birds in a randomized block design, with a total of seven blocks, in a 3 x 3 factorial 

scheme, composed of three levels of calcium and three calcium: available phosphorus ratios, 

amounting to nine treatments with one replication per block and six birds per experimental 

unit. At the end of the experiment, 72 birds (two per replication of each treatment) were 

slaughtered and the right and left tibias were removed. There was no significant interaction 

(p> 0.05) between the calcium levels and calcium: available phosphorus ratios for bone 

parameters, indicating that calcium levels and calcium: available phosphorus ratios behave 

independently. The variation in calcium levels was significant (p <0.05) on the absolute value 

of the mineral matter in the tibia, in spite of no effect on the percentage of mineral matter (p> 

0.05) having been demonstrated. The increase of the dietary calcium level raised linearly the 

mineral matter of the tibia of the birds, which may have been a reflection of the increase in 

tibia weight due to the increase of the dietary calcium level.  

Such results are similar to those found by Almeida Paz et al. (2009), who when 

working with two levels of calcium (1.8 and 3.8%) for semi-heavy laying hens, from 17 to 40 

weeks of age, found an increase in the value of mineral matter in the femur and tibia of the 

birds. However, these results disagree from those obtained by Velasco et al. (2010) and by 

Safaa et al. (2008) who did not notice any increase in the value of laying mineral matter of the 

tibia of layers with increasing calcium content of the diets. 

Microminerals can also lead to an improvement in bone quality. Zinc is an essential 

mineral for osteoblastic activity, collagen synthesis and alkaline phosphatase activity 

(Palacios, 2006), higher dietary concentrations for poultry showed improvement in bone 

quality (Swiatkiewicz & Koreleski, 2008). Similar results were found with the mineral 

manganese, however, studies show that boron is the element with the greatest significant 

impact on mineral metabolism and bone quality through interactions with Ca, P and 

magnesium (Olgun & Aygun, 2016).  

Providing a perch contributes to increased bone strength (Abrahamsson and Tauson, 

1993). Perches need to have suitable designs, without sharp corners, and cannot be too thin or 

too thick to prevent foot disorders (Moe et al., 2004). Tauson and Abrahamsson (1997) 

observed that a flattened circular perch on the top made of stiff wood with a diameter of 38 

mm presented a lower incidence of foot injuries. Bird preference for perches and their positive 

effects in reducing deformities, injuries and bone strength denote improved animal welfare, 

especially solid floor perches rather than wire (Yngvesson et al., 2004). 
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The failure to verify nail and beak growth can harm birds housed in battery cages. If 

there is no possibility of wear, they can grow to become severely deformed. The increment of 

an abrasive strip in the cage can solve this issue (Tauson, 2003). Other deformities or injuries 

can be solved by improving the cage model (1985), Tauson and Holm (2003) studied these 

problems and suggested alternatives to circumvent them. Floors with inclination of 23% or 

more have triggered levels of deformities in the feet, since they slip as far as the wires, but 

making use of inclination with the maximum of 12%, that fact can be avoided.  

 

3.9 Key techniques used to evaluate bone mineralization of birds  

 

Concerning of conventional radiographic examination, it is not possible to evaluate 

changes in bone mineralization of less than 30%. Therefore, the application of more sensitive 

technologies is necessary to identify minimal variations in the bone mineral content of 

animals (Garton et al., 1994). 

Radiographic optical densitometry (DOR) is defined as the method for measuring 

bone mineral density which, by photochemical action of light on sensitive emulsions, 

determines the ratio between the amount of light received by the sensitive film and the 

amount of silver salt that will be undergo reduction by direct blackening or developer (Lobel 

& Dubois, 1973). In order to reduce the variation of the observed values, the technique used 

requires accurate standardization (Delaquarriere-Richardson, 1982). This technique has been 

used to determine bone mineral density in birds, dogs, horses and cats, and presents reliable, 

accurate methodology and low operating cost, since the conventional radiographic apparatus 

is used (Louzada et al, 1997; Santos, 2002). The accuracy of this method occurs when the 

measurements made are sequential from the same anatomical area of the same animal 

(Quarles & Lyles, 1992). The non-uniformity of the X-ray field, milliamperage, kilovoltage 

and exposure time are variables that contribute to make this technique difficult (Vogel & 

Anderson, 1971). 

Imaging diagnosis has advanced favoring more accurate diagnosis through non-

invasive methods (Shores, 1993). Densitometry done on radiographs is a method that derives 

from absorption cytophotometry, which is translated in the measure of the absorption of light 

that a cell has at a given wavelength. The same definitions and principles employed in 

cytophotometry can be used for light absorption analysis when passes through a photographic 

film (Louzada, 1988). 
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DXA is a scanning technique for measuring different attenuations of two x-rays that 

pass through the body (Paiva et al., 2002). The device emits two x-ray beams under the body 

of the animal lying in prone position on the table. After the passage through the animal, the 

attenuated x-rays are measured by means of a discriminating energy detector. DXA performs 

cross-sectional evaluations of the body at 1-cm intervals from head to toe. Such a technique is 

noninvasive, considered safe, with the possibility of measuring three body components: fat-

free mass; lean mass and bone mass (Cintra et al., 2004). There are three commercially 

available dual-energy X-ray models, namely, Hologic QDR, Lunar DPX and Norland XR. 

Each model is based on a software and hardware configuration (Lohman, 1996). 

According to Marques et al. (2008), DXA has been recognized as a reference method 

in the study of body composition. Its limiting factors are due to the high cost of the equipment 

and radiation exposure. When examined using this technique, radiation exposure is 

considered low, ranging from 0.05 millirem (1.5 mrem) to 1.5 mrem, depending on the speed 

and equipment used. However, there is low ionizing radiation, in the distance of up to one 

meter away from the equipment during the examination. Also, as it is an area measure, the 

standardization of proper patient positioning is critical (Kerr et al., 2016). 

Invasive techniques require the animal to be slaughtered to remove bones, and further, 

a greater number of animals are needed for significant sampling. Despite the discoveries made 

by this methodology, modern analytical techniques and available equipment stimulated the 

use of noninvasive tests as a way to investigate the bone integrity of birds. DXA™ equipment 

(“Dual-energy X-ray Absorptiometry”) is a diagnostic method for analyzing bone 

mineralization at different ages without the need for euthanasia (Hester et al., 2004). In 

addition, genetic selection programs are favored, since  predictor factors of bone integrity that 

are measured “in vivo” by DXA ™ will be able to have their identification and replication in 

the measurements on the same animal. Mineral density refers to the mass of bone material 

that was measured by volume and includes the mineral and organic material existing in the 

bone. Considering the fact that the main component of the extracellular bone matrix is the 

inorganic matrix, the bone mineral density reflects the degree of skeletal mineralization 

(Mazzuco, 2005). 

DXA examination involves a set of point-to-point measurements of the bone mineral 

density along the chosen anatomical site. The pixels are grouped together and determine the 

bone area in square centimeters (cm²) (Blake et al., 2014). Quantitative variations in the 

mineral content and density of bones of birds on calcium-deficient diets were identified by 

Schreiweis et al. (2003) through the use of DXA ™ technology. Laying hens when subjected 
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to forced molting and observed through DXA ™ showed decreased bone integrity in relation 

to the control birds that did not undergo this process (Mazzuco et al., 2003).  

In laying hens, a phenomenon due to the presence of the spinal cord takes place, where 

any loss in bone mineral density due to age can be masked by the rise in the medullary 

component, as it has use reduced when in the process of eggshell calcification owing to the 

fall in the laying rate that happens with age. The thickness of the shell is also reduced, while 

there is an increase in tibial mineralization, concluding that failures occur in the mechanisms 

of calcium mobilization in layers at the end of laying (Scolari, 2007). 

When using DXA to assess bone mineral density in birds, it is necessary to know that 

any loss of structural bone due to aging is masked in the face of spinal cord formation (Hester 

et al., 2004). Elevation in the tibia mineralization of layers in the second production cycle was 

detected by means of bone densitometry and the tibial medullary component possibly 

contributed to such an increase in mineral content (Mazzuco and Hester, 2005). 

The study of bone mineral density of poultry of economic interest is fundamental for 

poultry production, for being a technique that allows the monitoring of the bone mass 

variables with modern technology and reduced cost, contributing to a better evaluation and 

understanding of the mineralization process of bones (Louzada, 1997). 

 

3.10 Interpretation of the results on osteoporosis  

 

In a study conducted with six birds of the Dekalb strain from different lots at different 

laying stages coming from a commercial poultry farm in the state of Minas Gerais, Brazil, 

Braga et al. (2012) verified the occurrence of resorption by osteoporosis at 23, 31 and 46 

weeks of age. The affected birds showed clinical signs of prostration and inability to move or 

stand up. Euthanasia was undertaken for subsequent necropsy. The results were that the 

humerus, femur, tibia, ribs, and vertebra bones easily broke and could be severed. Lesions 

were similar in all the birds; however, birds from 23 to 31 weeks of age presented more 

severe lesions. The 46-week-old birds exhibited femur and humerus with incomplete and 

complete fractures and hemorrhage in the adjacent musculature. The birds examined showed 

increased bone resorption represented by the great osteoclastic activity and hypertrophy of the 

osteocytes. 

According to a study by Schreiweis et al. (2003) about the humeral and tibial bone 

mineral density of white Leghorn birds fed diets with different calcium levels (hypocalcic 
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1.8%; recommended calcium 3.6%; hypercalcic 5.4%), found that mineral bone density 

accompanies negative linear tendency with the calcium reduction in the diet. 

Korver et al. (2004) investigated the bone strength of both humeri and femurs of 65-

week-old white Leghorn birds at the end of their production cycle and found greater strength 

in the bones of brown birds, one reason would be  fact that they are heavier than white birds. 

So, it follows that the environment can aggravate the bone fragility of the animals due 

to the movement and motion restriction, as well as the diets fed, in particular the calcium and 

available phosphorus levels, which presented distinct results. Experiments like these need 

further improvement in order to achieve a satisfactory welfare index for birds associated with 

production rates.  

 

4. Final considerations 

 

The confinement in cages causes reduction of the physical activity, triggering fragility 

and bone fracture which increases the incidence of osteoporosis in layers. This, in turn, is a 

multifactorial metabolic disease that constitutes an economic problem and indicative of well-

being. The study of bone mineral density of birds by means of invasive or noninvasive 

techniques helps in the identification of possible strategies that may contribute to mitigate the 

severity of osteoporosis.  

Thus, by the observation of the results found in this review still being contradictory, the 

intensification of research on the bone mineralization of birds in their different production 

stages becomes essential, aiming at the possibility of a better understanding of the physiology 

of these animals as well as providing subsidies for improvement in the bone condition of 

birds. 

Bone problems are an important indicator of animal welfare and can be a limiting factor 

in bird productivity, this fact should be indicative in future research in different areas of 

animal production. 

 

Referências 

 

Abrahamsson, P. & Tauson, R. (1993). Effect of perches at diferente positions in conventional 

cages for laying hens of two diferente strains. Acta veterinária Scandinavica (Section A: 

Animal Science), 43(4), 228-235.  

 



Research, Society and Development, v. 9, n. 3, e150932588, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i3.2588 

20 

Almeida Paz, I.C.L., Mendes, A.A., Balog, A., Komiyama, C.M., Takahashi, S.E., Almeida, 

I.C.L., Garcia, E.A., Vulcano, L.C., Ballarin, A.W., Silva, M.C. & Cardoso, K.F.G. (2009). 

Efeito do cálcio na qualidade óssea e de ovos de poedeiras. Revista Archivos de Zootecnia, 

58(222), 173-183. 

 

Almeida, R.L., Gomes, P.C. & Rostagno, H.S. (2012). Níveis de cálcio e relação cálcio: 

fósforo disponível em rações para poedeiras leves no segundo ciclo de produção. 

In: Congresso APA–Produção e Comercialização de Ovos. Ribeirão Preto. Anais: APA. 

 

Amaral, G., Guimarães, D.D., Nascimento, J.C.D.O.F., Custodio, S. (2016). Avicultura de 

postura: estrutura da cadeia produtiva, panorama do setor no Brasil e no mundo e o apoio do 

BNDES. Agroindústria, 43(1), 167-207. 

 

Anderson, K.E. & Adams, A.W. (1992). Effects of rearing density and feeder and waterer 

spaces on the productivity and fearful behavior of layers. Poultry Science, 71(1), 53-58.  

 

Andrews, L.D., Whiting, T.S. & Stamps, L. (1990). Performance and carcass quality of 

broilers grown on raised flooring and litter. Poultry Science, 69(10), 1644-1651. 

 

Appleby., M.C. (2003). The European Union ban on conventional cages for laying hens: 

history and prospects. Journal of Applied Animal Welfare Science, 6(2), 103-121. 

 

Bizeray, D., Leterrier, C., Constantin, P., Picard, M., Faure, J. M. (2000). Early locomotor 

behavior in genetic stocks of chickens with diferente growth rates. Applied Animal Behaviour 

Science, 68(3), 231-242. 

 

Blake, G., Adams, J.E., Bishop, N. (2014). DXA em adultos e crianças. In: ROSEN, C.J. (Ed). 

Manual de doenças osteometabólicas e distúrbios do metabolismo mineral. 202-212. AC 

Farmacêutica. São Paulo. 

 

Braga, J.F., Preis, I.S., Vasconcelos, R.J.C., Baião, N.C., Lara, L.J.C., Ecco, R. (2012). 

Osteoporose em poedeiras comerciais em diferentes fases de postura. Veterinária em Foco, 

10(1), 93-102. 

 



Research, Society and Development, v. 9, n. 3, e150932588, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i3.2588 

21 

Brasil. (2000). Ministério da Agricultura, Pecuária e Abastecimento (MAPA). Secretaria de 

Defesa Agropecuária. Instrução Normativa 2000. Brasília. Disponível em: 

http://extranet.agricultura.gov.br/sislegisconsulta/consultarLegislacao.do?operacao=visualizar

&id=1793. Acesso em 10 abril 2017. 

 

Bright, A., Jones, T.A., Dawkins, M.S. (2007). A nonintrusive method of assessing plumage 

condition in commercial flocks of laying hens. Animal Welfare, 15(2), 113-118. 

 

Broom, D.M. (1996). Indicators of poor welfare. British Veterinary Journal, 142(2), 524-526. 

 

Broom, D.M. (2001). Coping, stress and welfare. In: Broom DM (Ed.). Coping with 

Challenge: Welfare in Animals including Humans. 1-9. Berlin: Dahlem University.  

 

Broom., D.M. (2014). Sentience and Animal Welfare. In: Cabi (Ed.). Oxfordshire. 185p. 

 

Cabrelon, M.A.F. (2016). Diferentes densidades de gaiola e suas implicações no 

comportamento de galinhas poedeiras e na qualidade dos ovos produzidos. Dissertação 

(Mestrado em Zootecnia) – Universidade de São Paulo, SP, Brasil. 

 

Cheng, H.W., Muir, W. M. (2004). Chronic social stress differentially regulates 

neuroendocrine responses in laying hens: II. Genetic basis of adrenal responses under three 

different social conditions. Psychoneuroendocrinology, 97(7), 961-971. 

 

Chilvarquer, I. (2000). Tecnologia de ponta em imagenologia. In: FELLER C & GORAB R 

(Ed.). Atualização na clínica odontológica: módulos de atualização. 411-431. Artes Médicas. 

São Paulo. 

 

Cintra, I.P., Costa, R.D., Fisberg, M. (2004). Composição corporal na infância e 

adolescência. In: Fisberg M (Ed.). Atualização em obesidade na infância e adolescência. 

Atheneu. São Paulo. 

 

Clark, W.D., Cox, W.R., Silversides, F.G. (2008). Bone fracture incidence in end-of-lay high-

producing, noncommercial laying hens identified using radiographs. Poultry Science, 87(10), 

1964-1970. 

http://extranet.agricultura.gov.br/sislegisconsulta/consultarLegislacao.d


Research, Society and Development, v. 9, n. 3, e150932588, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i3.2588 

22 

 

COMMAND PAPER 2836. (1965). Report of the Technical Committee to Enquire Into the 

Welfare of Animals Kept Under Intensive Livestock Husbandry Systems. Her Majesty’s 

Stationery Office. 

 

COMMISSION OF THE EUROPEAN COMMUNITIES (CEC). (1999). Council Diretive 

1999/74/EC of 19 July/1999 laying down minimum standards for the protection of laying 

hens. Office for Official Publications of the European Communities. 8 p. 

 

Delaquarriere-richardson, L., Anderson, C., Jorch, U.M., Cook, M. (1982). Radiographic 

morphometry and radiographic photodensitometry of the fêmur in the Beagle at the 13 and 21 

months. American Journal of Veterinary Research, 43(12), 2255-2258. 

 

Dyce, K.M., Wensing, C.J., Sack, W.O. (1997). Tratado de anatomia veterinária. 2.ed. Rio 

de Janeiro: Guanabara Koogan. 

 

Farm animal welfare council (FAWC). (1993). Second Report on Priorities for Research and 

Development in Farm Animal Welfare. Farm Animal Welfare Council. MAFF Tolworth, U.K. 

Five Freedoms. Disponível em: http://www.fawc.org.uk/freedoms.htm. Acesso em: 17 de dez. 

2016. 

 

Feduccia, A. (1986). Osteologia das aves. In: GETTY, R. Anatomia dos animais domésticos. 

(5 ed.) Rio de Janeiro: Guanabara Koogan. 

 

Fleming, R.H. (2008). Nutritional factors affecting poultry bone health. Proceedings of the 

Nutrition Society, 67(2), 177-183. 

 

Fleming, R.H., Whitehead, C.C., Alvey, D., Gregory, N.G., Wilkins, L.J. (1994). Bone 

structure and breaking strength in laying hens housed in diferente husbandry systems. British 

Poultry Science, 35(5), 651-662. 

 

Fleming, R.H., McCormack, H.A., Whitehead, C.C. (1998).  Bone structure and strength at 

different ages in laying hens and effects of dietary particulate limestone, vitamin K and 

ascorbic acid. British Poultry Science, 39(3), 434-440. 



Research, Society and Development, v. 9, n. 3, e150932588, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i3.2588 

23 

 

Fleming, R.H., McCormack, H.A., McTeir, L., Whitehead, C.C. (2006). Relationships 

between genetic, environmental and nutritional factors influencing osteoporosis in laying 

hens. British Poultry Science, 47(6), 742-755. 

 

Forwood, M.R. (2014). Desenvolvimento de um esqueleto saudável: a importância da carga 

mecânica. In:. ROSEN CJ. (Ed.). Manual de doenças osteometabólicas e distúrbios do 

metabolismo mineral. 121-137. São Paulo: AC Farmacêutica. 

 

Fraser, D. (2009). Can we measure distress in animal? Ethology of non human animals.  1-9. 

 

Friend, T.H. (1991). Behavioral aspects of stress. Journal of Dairy Science, 74(1), 292-303. 

 

Garcia, E.A., Aguiar, I.S., Politi, E.S. (1993). Efeito da taxa de lotação da gaiola sobre a 

produtividade de poedeiras brancas. In: Conferência 93 Apinco de Ciência e Tecnologia 

Avícolas. Santos. Anais: FACTA.  

 

Garcia, E.A. (2003). Efeito da taxa de lotação da gaiola nas fases de cria e de recria sobre o 

desempenho de frangas semi pesadas na fase de recria. In: Conferência Apinco 2003 de 

Ciência e Tecnologia Avícolas. Resumos... Campinas: FACTA. p. 6. 

 

Garcia, E.R., Nunes, K.C., da Cruz, F.K., Ferraz, A.L.J., Batista, N.R., Barbosa Filho, J. A. 

(2015). Comportamento de poedeiras criadas em diferentes densidades populacionais de 

alojamento. Arquivos de Ciências Veterinárias e Zoologia, 18(2), 87-93. 

 

Garton, M.J., Robertson, E.M., Gilbert, F.J., Gomersall, L., Reid, D.M. (1994). Can 

Radiologists detect osteopenia on plain radiographs? Clinical Radiology, 49(2), 118-122. 

 

Gentle, M.J., Hughes, B.O., Fox, A., Waddington, D. (1997). Behavioral and anatomical 

consequences of two beak trimming methods in 1- and 10-d-old domestic chicks. British 

Poultry Science, 38(5), 453-463. 

 

Gonyou, H.W. (1994). Why the study of animal behavior is associated with the animal 

welfare issue. Journal of Animal Science, 72(8), 2171-2177. 



Research, Society and Development, v. 9, n. 3, e150932588, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i3.2588 

24 

 

Grandin, T., Johnson, C. (2010). O bem-estar dos animais - Proposta de uma vida melhor 

para todos os bichos. São Paulo: Rocco. 334p.  

 

Grandin, T. (2015). Improving Animal Welfare. In: Temple Grandin (Ed.). A Practical 

approach. Colorado: Cabi. 328p. 

 

Gregory, N.G., Wilkins, L.J. (1989). Broken bones in domestic fowl: handling and processing 

damage in end of lay battery hens. British Poultry Science, 30(3), 555-562. 

 

Gregory, N.G., Wilkins, L.J., Eleperuma, S.D., Ballantyne, A.J., Overfield, N.D (1990). 

Broken bones in domestic fowls: effect of husbandry system and sunning  method on end-of-

lay hens. British Poultry Science, 31(1), 59-69. 

 

Gregory, N.G., Wilkins, L.J., Kestin, S.C., Belyavin, C.G., Alvey, D.M. (1991).  Effect of 

husbandry system on broken bones and boné strength in hens. Veterinary, Record 128(17), 

397-399. 

 

Grier, S.J., Turner, A.S., Alvis, M.R. (1996). The use of dual energy x-ray absorptiometry in 

animals. Investigate Radiology, 31(1), 50-62. 

 

Harison, R. (1964). Animal machines: The new factory farming industry. London: Vincent 

Stuart Publishers. 

 

Hester, P.Y., Schreiweis, M.A., Orban, J.I., Mazzuco, H., Kopka, M.N., Ledur, M.C., Moody, 

D.E. (2004). Assessing bone mineral density in vivo: dual energy X-ray absorptiometry. 

Poultry Science, 83(2), 215-221. 

 

IACA - Associação Portuguesa das indústrias de alimentos compostos para animais. (2013). 

IACA Seção Opinião. Disponível em: .http://tektix2.com/index.php/destaque/artigos-de-

opiniao/283-bem-estar-animal-a-perspetiva-dos-produtores-europeus. Acesso em: 26 nov. 

2016. 

 

http://tektix2.com/index.php/destaque/artigos-de-opiniao/283-bem-estar-animal-a-perspetiva-dos-produtores-europeus
http://tektix2.com/index.php/destaque/artigos-de-opiniao/283-bem-estar-animal-a-perspetiva-dos-produtores-europeus


Research, Society and Development, v. 9, n. 3, e150932588, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i3.2588 

25 

IBGE. Instituto Brasileiro de Geografia e Estatística. (2018). Estatística de Produção 

Pecuária. Disponível em: 

https://biblioteca.ibge.gov.br/visualizacao/periodicos/2380/epp_2018_4tri.pdf. Acesso em: , 

06 mai. 2019. 

 

Keeling, L.J., Rushen, J., Duncan, I.J. (2011). Understanding animal welfare. In: APPLEBY 

MC (Ed.). Animal Welfare. Cabi. Wallingford. 

 

Kerr, A., Slater, G.J., Byrne, N., Nana, A. (2016). Reliability of 2 different positioning 

protocols for Dual-Energy X-Ray Absorptiometry measurement of body composition in 

healthy adults. Journal of Clinical Densitometry, 19(3), 282–289. 

 

Kjaer, J.B., Glawatz, H., Scholz, B., Rettenbacher, S., Tauson, R. (2011). Reducing stress 

during welfare inspection: validation of a non-intrusive version of the Lay wel plumage 

scoring system for laying hens. British Poultry Science, 52(2), 149-154. 

 

Knowles, T.G., Broom, D.M. (1990). Limb bone strength and movement in laying hens from 

different housing systems. Veterinary Record, 126: 354-356. 

 

Knowles, T.G., Wilkins, L.J. (1998). The problem of broken bones during the handling of 

laying hens – a review. Poultry Science, 77(12), 1798–1802. 

 

Koelkebeck, K.W., Cain, J.R. (1984). Performance, behavior, plasma corticosterone, and 

economic returns of laying hens in several management alternatives. Poultry Science, 63(11), 

2123-2131. 

 

Korver, D.R., Saunders-Blades, J.L., Nadeau, K.L. (2004). Assessing bone mineral density in 

vivo: quantitative computed tomography. Poultry Science, 83(2), 222-229. 

 

Kraus, H. (1978). Vergleichende untersuchungen na legehennen aus kommerzieller boden – 

und kafighalten unter besonderer berucktsichtigung der zerlegeergebnisse. Tierarztlich 

Lebensmittel des Kreises Mettmann. 

 

https://biblioteca.ibge.gov.br/visualizacao/periodicos/2380/epp_2018_4tri.pdf


Research, Society and Development, v. 9, n. 3, e150932588, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i3.2588 

26 

Lavin, L.M. (1994). Radiography in veterinary technology. In: Saunders Company. (p. 279-

296). Philadelphia: WB.  

 

Lay JR., Fulton, R.M., Hester, P.Y., Karcher, D.M., Kjaer, J. B., Mench, J.A., Mullens, B., 

Newberry, R., Nicol, C., O'Sullivan, N., Porter, R.E. (2011). Hen welfare in different housing 

systems. Poultry Science, 90(1), 278-294. 

 

Leeson, S., Summers, J.D. (2001). Scott‘s nutrition of the chicken. 4.ed. Guelph: University 

Books. 

 

Lobel, L., Dubois, M. (1973). Manual de densitometria óptica: la técnica de la medicion de 

los materiales fotográficos. 2.ed. Ediciones Omega. Barcelona. 

 

Lohman, T.G. (1996). Dual energy x-ray absorptiometry. In: ROCHE AF et al. Human body 

composition. Copyright. 

 

Loliger, H.C., Von dem Hagen, D. Matthes, S. (1981). Einfluss der haltungssysteme auf die 

tiergesundheit bericht iiber ergebnisse klini-schpathologischer untersuchungen. Landbau-

forschung Volkenrode, 60: 47-67. 

 

Louzada, M.J.Q., Pelá, C.A., Belangero, W.D., Santos-Pinto, R.D. (1997). Densidade de 

peças ósseas de frangos Estudo pela densitometria óptica radiográfica. Veterinária e 

Zootecnia, 9, 95-109. 

 

Louzada, M.J.Q. (1988). Microdensitometria em radiografias de perfurações ósseas. 

Dissertação (Mestrado em Bioengenharia) - Universidade de São Paulo, SP, Brasil. 

 

Markel, M.D., Sielman, E., Bodganske, J.J. (1994). Densitometric properties of long bones in 

dogs, as determined by use of dual-energy x-ray absorptiometry. American Journal of 

Veterinary Research, 55(12), 1750-1756. 

 

Marques, M.B., Heyward, V., Paiva, C.E. (2008). Validação cruzada de equações de 

bioimpedância em mulheres brasileiras por meio de absortometria radiológica de dupla 

energia (DEXA). Revista Brasileira de Ciência e Movimento, 8(4), 14-20. 



Research, Society and Development, v. 9, n. 3, e150932588, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i3.2588 

27 

 

Mautalen, C.A., Oliveri, B. (1999). Densitometric manifestations in age-related bone loss. In: 

FAVUS MJ. Primer on Metabolic bone disease and disorders of mineral metabolism (p. 263-

275). Philadelphia: Lippincott Williams & Wilkins. 

 

Mazzuco, H., Hester, P.Y. (2005). The effect of an induced molt using a nonfasting program 

on bone mineralization of White Leghorns. Poultry Science, 84(9), 1483-1490. 

 

Mazzuco, H., Grader, I., Hester, P.Y. (2003). The effect of a feed removal molting program 

on the skeletal integrity of White Leghorns. Poultry Science, 82, 82. 

 

Mazzuco, H. (2005a). Osteoporose em poedeiras comerciais: uso da densitometria óssea e 

outras técnicas. Avicultura Industrial, 16-34. 

 

Mazzuco, H. (2006a). Bem-estar na avicultura de postura comercial: sob a ótica científica. 

Avicultura Industria,l 1, 18-25. 

 

Mazzuco, H. (2006b). Integridade Óssea em Poedeiras Comerciais: Influência de Dietas 

Enriquecidas com Ácidos Graxos Poliinsaturados e Tipo de Muda Induzida. Concórdia: 

EMBRAPA. 12p. (Circular técnica 47). 

 

Mazzuco, H. (2008). Ações sustentáveis na produção de ovos. Revista Brasileira de 

Zootecnia, 37, 230-238. 

 

Meyer, W.A., Sunde, M.L. (1974). Bone breakages as affected by type of housing or an 

exercise matching for layers. Poultry Science, 53, 878-885. 

 

Michel V., Huonnic D. (2003). A comparison of welfare, health, and production performance 

of laying hens reared in cages or in aviaries. British Poultry Science, 44(5), 775-776. 

 

Moe Ro., Guémené, D., Larsen, H. J. S., Bakken, M., Lervik, S., Hetland, H., Tauson, R. 

(2004). Effects of pre-laying rearing conditions in laying hens housed in standard or 

furnished cages on various indicators of animal welfare. In: XXII World’s Poultry Congress. 

Istanbul. Anais: Istanbul: WPSA Turkish Branch. 



Research, Society and Development, v. 9, n. 3, e150932588, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i3.2588 

28 

 

Moinard, C., Morisse, J. P., & Faure, J. M. (1998). Effect of cage area, cage height and 

perches on feather condition, bone breakage and mortality of laying hens. British Poultry 

Science, 39(2), 198-202. 

 

Moraes, J.E. (2018). Indicadores de bem-estar de linhagens de poedeiras comerciais leves 

alojadas em cinco densidades no sistema convencional de produção de ovos. Tese 

(Doutorado em Epidemiologia Experimental Aplicada a Zoonoses) – Universidade de São 

Paulo, Pirassununga, São Paulo. 

 

Nascimento, G.R., Murakami, A.E., Guerra, A.F.Q.M., Ospinas-Rojas, I.C., Ferreira, M.F.Z., 

Fanhani, J. C. (2014).  Effect of different vitamin d sources and calcium levels in the diet of 

layers in the second laying cycle. Brazilian Journal of Poultry Science, 16(2), 37-42. 

 

Nicol, C. (1990). Behaviour requirements whitin a cage environment. World's Poultry Science 

Journal, 46(1), 31-33. 

 

Norgaard-nielsen, G.J. (1990). Bone strength of laying hens kept in an alternative system 

compared with hens in cages and or on deep-litter. British Poultry Science, 31(1), 81-89. 

 

Olgun, O., Aygun, A. (2016). Nutritional factors affecting the breaking strength of bone in 

laying hens. World's Poultry Science Journal, 72(4), 821-832. 

 

Oliveira, A.N. (2012). Granulometria do calcário e luz artificial para poedeiras comerciais 

no segundo ciclo de postura. Dissertação (Mestrado em Zootecnia) – Universidade Federal do 

Ceará, CE, Brasil. 

 

Oliveira, D.L., do Nascimento, J.W., Camerini, N.L., Silva, R.C., Furtado, D.A., Araujo, T.G. 

(2014). Desempenho e qualidade de ovos de galinhas poedeiras criadas em gaiolas 

enriquecidas e ambiente controlado. Revista Brasileira de Engenharia Agrícola e Ambiental, 

18, 1186-1191. 

 

OVO ONLINE. (2019). Bastos: Ovo online Disponível em: 

https://www.ovoonline.com.br/?:=alojamento&tt=atd. Acesso em 06 mai, 2019. 

https://www.ovoonline.com.br/?:=alojamento&tt=atd


Research, Society and Development, v. 9, n. 3, e150932588, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i3.2588 

29 

 

Paiva, C.R., de Araujo Gaya, A.C., Bottaro, M., de Araújo Bezerra, R.F. (2002). Assessment 

of the body composition of brazilian boys: the bioimpedence method. Revista Brasileira de 

Cineantropometria e Desempenho Humano, 4(1), 37-45. 

 

Paixão, R.L. (2005). É possível garantir bem-estar aos animais de produção? Revista 

Conselho Federal de Medicina Veterinária, 36, 66-73. 

 

Palacios, C. (2006). The role of nutrients in bone health, from A to Z. Critical Reviews in 

Food Science and Nutrition, 46(8), 621-628. 

 

Pavan, A.C., Garcia, E.A., Móri, C., Pizzolante, C.C., Piccinin, A. (2005). Efeito da 

densidade na gaiola sobre o desempenho de poedeiras comerciais nas fases de cria, recria e 

produção. Revista Brasileira de Zootecnia, 34, 1320-1328. 

 

Pereira, A.S. et al. (2018). Metodologia da pesquisa científica. [eBook]. Santa Maria. Ed. 

UAB / NTE / UFSM. Available at: 

https://repositorio.ufsm.br/bitstream/handle/1/15824/Lic_Computacao_Metodologia-

Pesquisa-Cientifica.pdf?sequence=1. Accessed on: 2020, fev. 10. 

 

Pesti, G.M., Bakalli, R.I.; Driver, J.P., Atencio, A., Foster, EH (2005). Poultry nutrition and 

feeding: a textbook. Athens: Trafford Publishing. paginação descontínua. 

 

Praes, M.F.F.M., Junqueira, O.M., Pereira, A.A. (2012). Prós e contras da proibição da 

criação de poedeiras em gaiolas. Revista AviSite. Disponível em: 

<http://www.avisite.com.br/cet/trabalhos.php?codigo=144>. Acessado em: 10 abr. 2017. 

 

Quarles, L.D., Lydes K.W. (1992). Spinal and femoral bone density in the Beagle: use of dual 

energy x-ray absortiometry to assess experimental osseous disorders. Hologig Technical 

Paper, 1: 1-4. 

 

Quinteiro-Filho, W.M. (2008). Efeitos do estresse térmico por calor sobre os índices 

zootécnicos, a integridade do trato intestinal e a imunidade inata de frangos de corte. 

Dissertação (Mestrado em Ciências) – Universidade de São Paulo, SP, Brasil.. 



Research, Society and Development, v. 9, n. 3, e150932588, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i3.2588 

30 

 

Rocha, J.S.R., Lara, L.J.C., Baião, N.C. (2008). Produção e bem-estar animal aspectos éticos 

e técnicos da produção intensiva de aves. Ciência Veterinária Trópicos, 11(1), 49-55. 

 

Rostagno, H.S., Albino, L.F.T., Donzele, J.L., Gomes, P.C., Oliveira, R.F., Lopes, D.C., 

Ferreira, A.S., Barreto, S.L.T. (2005). Tabelas brasileiras para aves e suínos: composição de 

alimentos e exigências nutricionais (2.ed.). Viçosa: Universidade Federal de Viçosa. 186p. 

 

Safaa, H.M., Serrano, M.P., Valencia, D.G., Frikha, M., Jiménez-Moreno, E., Mateos, G.G. 

(2008). Productive performance and egg quality of brown egg-laying Hens in the late phase of 

production as influenced by level  and source of calcium in the diet. Poultry Science, 87(10), 

2043-2051. 

 

Sanni, C.O. (2017). Evaluation of techniques for improving phosphorus utilisation in meat 

poultry. 2017. Tese (Doctor of Philosophy) - Nottingham Trent University, Reino Unido. 

 

Santos, F.A.M. (2002). Determinação dos valores normais da densidade mineral óssea 

(DMO) da extremidade distal do rádio-ulna em gatos, por meio da técnica de densitometria 

óptica em imagens radiográficas: correlação entre peso, sexo e idade. Dissertação (Mestrado 

em Medicina Veterinária) – Universidade Estadual de São Paulo, Botucatu, SP, Brasil. 

 

Schreiweis, M.A., Orban, J.I., Ledur, M.C., Hester, P.Y. (2003). The use densitometry to 

detect differences in bone mineral density and content of live white Leghorns fed Varying 

levels of dietary Calcium. Poultry Science, 82(8), 1292-1301. 

 

Scolari, T.M.G. (2007). Osteoporose em poedeiras comerciais: uma doença metabólica 

multifatorial. Concórdia: Embrapa. 8 p. (Boletim Técnico 43). 

 

Seedor, JG. (1995). The biophosphanate alendronate (MK-217) inhibit bone loss due to 

ovariectomy in rats.  Journal of Bone and Mineral Research, 4, 265-270. 

 

Shores, A. (1993). Diagnostic imaging. The Veterinary Clinics of North America Small 

Animal Practice, 23,11-15. 

 



Research, Society and Development, v. 9, n. 3, e150932588, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i3.2588 

31 

Siegel, P.B. (1989). The genetic – behavior interface and well-being of poultry. British 

Poultry Science, 30(1), 3-13. 

 

Siegel, P.B. 1995. Stress, strains, and resistance. British Poultry Science, 36, 3-22. 

 

Silva, I.J.O., Barbosa Filho, J.A.D., Silva, M.D., Piedade, S.D.S. (2006). Influência do 

sistema de criação nos parâmetros comportamentais de duas linhagens de poedeiras 

submetidas a duas condições ambientais. Revista Brasileira de Zootecnia, 35(4), 1439-1446. 

 

Simonsen, H.B. (1983). Ingestive behaviour and wing-flapping in assessing welfare of laying 

hens. In: SMIDT D. (Ed.). Indicators Relevant to Farm Animal Welfare. Current Topics in 

Veterinary Medicine and Animal Science. Mariensee: Martinus Nijhoff. 

 

Singer, P. (1991). Animal liberation. New York: Harper Perennial - Avon Books. 320p. 

 

Soares, J.R., Kerr, J.M., Gray, R.W. (1995). 25-hydroxycholecalciferol in poultry nutrition. 

Poultry Science, 74(12), 1919-1934. 

 

Struwe, F.J., Gleaves, E.W., Douglas, J.H., Bond Jr, P.L. (1992). Effect of rearing floor type 

and ten day beak trimming on stress and performance of caged layers. Poultry Science, 71(1), 

70-75. 

 

Sturkie, P.D. (1986). Body fluids: blood. In: STURKIE PD. (Ed.). Avian Physiology (p.102-

121). New York: Springer. 

 

Swiatkiewicz, S., Koreleski, J. (2008). The effect of zinc and manganese source in the diet for 

laying hens on eggshell and bones quality. Veterinarni Medicina, 53(10): 555-563. 

 

Tauson, R., Abrahamsson, P. (1997). Effects of group size on performance, health and 

behaviour in furnished cages for laying hens. Acta Veterinaria Scandinavica (Section: Animal 

Science), 47(4), 254-260. 

 

Tauson, R. (1985). Mortality in laying hens caused by diferences in cage desing. Acta 

Agriculturae Scandinavica, 35(2), 193-209. 



Research, Society and Development, v. 9, n. 3, e150932588, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i3.2588 

32 

 

Tauson, R. (1998). Health and production in improved cage designs. Poultry Science, 77(12), 

1820-1827. 

 

Tauson, R. (2003). Experiences of production and welfare in small group cages in Sweden. 

Proceedings of the tenth European Symposium on the Quality of Eggs and Egg Products. 

France: St Brieuc-Ploufragan. p. 217-229. 

 

Tauson, R., Holm, K.E. (2003). Evaluation of Victorsson Furnished Cage for 8 Laying Hens 

According to the seventh of Swedish Animal Welfare Ordinance and According to the New 

Technique Evaluation Program at the Swedish Board of Agriculture. Swedish University of 

Agricultural Sciences, Department of Animal Nutrition and Management, Report, 251. 

 

Tauson, R. (2005). Management and housing systems for layers-efects on welfare and 

production. World’s Poultry Science Journal, 61(3), 477-490. 

 

UNIÃO BRASILEIRA DE AVICULTURA. (2008). Protocolo de bem‑estar para aves 

poedeiras. São Paulo: União Brasileira de Avicultura. Disponível em 

<http://www.abef.com.br/uba/arquivos/protocolo_de_bem_estar_para_aves_poedeiras_final_

11_07_08.pdf>. Acesso em: 20 fev. 2017. 

 

Velasco, C.R., Gomes, P.C., Donzele, J.L., Rostagno, H.S., Calderano, A.A., Mello, 

H.H.D.C., Pastore, S.M. (2016). Níveis de cálcio e relação cálcio/fósforo em rações para 

poedeiras leves de 24 a 40 semanas de idade. In: 47ª Reunião Anual da Sociedade Brasileira 

de Zootecnia. Salvador. Anais: Salvador: UFBA. 

 

Vieira, M.F.A., Tinoco, H., Barreto, S., Coelho, D., Souza, G., Inoue, K., Cassuce, D. (2014). 

Efeitos da densidade de alojamento e sistemas de criação sobre o comportamento, 

desempenho produtivo e a qualidade de ovos de poedeiras comerciais. Revista Eletrônica de 

Pesquisa Animal, 2, 169-185. 

 

Vinuela-Fernandez I., Jones, E., Chase-Topping, M. E., Price, J. (2011). Comparison of 

subjective scoring systems used to evaluate equine laminitis. The Veterinary Journal, 188(1), 

171-177. 



Research, Society and Development, v. 9, n. 3, e150932588, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i3.2588 

33 

 

Vits, A., Weitzenbürger, D., Hamann, H., Distl, O. (2005). Production, egg quality, bone 

strength, claw length, and keel bone deformities of laying hens housed in furnished cages with 

different group sizes. Poultry Science, 84(10), 1551-1559. 

 

Vogel, J.M., Anderson, J.T. 1971. Rectilinear transmission scanning of irregular bones for 

quantification of mineral contente. Journal of nuclear medicine, 13(1), 181-183. 

 

Welfare Quality. (2009). Welfare Quality assessment protocol for poultry (broilers, laying 

hens). (111p). Netherlands: Lelystad.  

 

Whitehead, C.C., Fleming, R.H. 2000. Osteoporosis in cage layers. Poultry Science, 79(1), 

1033-1041. 

 

Williams, J. (2002). Orthopedic radiography in exotic animal practice. The Veterinary Clinics 

of North America: Exotic Animal Practice, 5 (1), 1-22. 

 

Yngvesson,  J., Nedergárd, L., Keeling, L.J. (2004). Rearing without perches impairs laying 

hen escape behavior in a simulated cannibalistic attack. Applied Animal Behavior Science, 67, 

217-228. 

 

Zanella, A. (1995). Indicadores fisiológicos e comportamentais do bem-estar animal. A Hora 

Veterinária, 14, 47-52.  

 

Porcentagem de contribuição de cada autor no manuscrito 

José Evandro de Moraes – 16% 

Mariana Rodrigues Borges – 12% 

Lizandra Amoroso – 12% 

Túlio Leite Reis – 12%  

Ligia Fatima Lima Calixto – 12%  

Tatiane Cristina Lagassi – 12% 

Keila Maria Roncato Duarte – 12% 

Carla Cachoni Pizzolante – 12% 


