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INTRODUCTION 
Laying hens kept in conventional cages suffer from osteoporosis mainly due to the lack of 
exercise (Gregory and Wilkins, 1989). Furnished cages could possibly bring some 
improvements in this respect. The objective of the present study was to compare battery cages, 
furnished cages and an aviary with respect to bone breaking strength, eggshell stability and 
production traits of Lohmann Silver Hybrids (LS). 
 
MATERIAL AND METHODS 
Housing systems, breed and management. The battery cages measured 50.2 x 55cm, 
allowing 690cm² per hen, with four hens sharing a cage. Each furnished cage was equipped 
with perches, a family nest and a sand bath, with ten hens sharing a cage. Thus every hen had 
access to 609cm² cage surface area, 150.8cm² nest area and 120cm² sand bath area. The aviary 
was equipped with three central tiers and family nest boxes. The floor was covered with straw 
(15.2 hens per m²). The hens had access to a covered outdoor area and from there to a free 
range (2.1m² per hen). The layer line used was LS, with two different genotypes. The hens 
were reared as day-old chicks on a litter floor system (14 hens per m²) and moved to their 
laying accommodation at the age of 18 weeks. 1.541 hens were kept in battery cages, 1.560 
hens in furnished cages and 2.110 hens in an aviary. Feed (standard layer diet) and water were 
supplied ad libitum. All laying hens had identical feeding, management and health care.  
 
Analysed traits.  At the end of the 6th and 9th laying months 50 hens were removed from each 
of the three husbandry systems and slaughtered. At the 14th laying month (end of the laying 
period), the same procedure was conducted on 100 hens. After separation of the humerus and 
tibia from muscles and tendons, the bones were placed on two fulcrum points, and force (N) 
was applied midshaft up to the fracture of the bones. Eggs from each system were 
automatically counted and sorted according to weight classes. After the 21st laying week 10% 
of one day’s egg production was collected from each housing system every four weeks, and 
20% of one day’s egg production was collected every 12 weeks. The eggs were tested for 
eggshell thickness, eggshell density and breaking strength. Mortalities were recorded daily and 
the cause of death was determined by veterinarian examinations.  
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Statistical analyses. All analyses were performed using the GLM procedure of SAS® package 
Version 8.2 (SAS Institute, Cary, N.C., USA, 2001). The bone breakage of randomly collected 
hens from the three different housing systems were analysed with the following univariate 
linear model: 
Yijkl =  µ + SYSi + TYPj + MONk + (SYS x TYP)ij + (SYS x MON)ik + (TYP x MON)jk + 

     (SYS x TYP x MON)ijk  + eijkl 
where: SYSi = fixed effect of housing system; TYPj = fixed effect of the genotype; MONk  = 
fixed effect of the laying month; (SYS*TYP)ij, (SYS x MON)ik, (TYP x MON)jk, (SYS x TYP 
x MON)ijk = interactions between the effects.  
The following univariate linear model was used to analyse the shell strength of the eggs: 
Yijk  = µ + SYSi + MONj + (SYS x MON)ij + eijk 
The production traits for the layer line and the three different housing systems were analysed 
with the following univariate linear model: 
Yijklmnop =  µ + SYSi + VAC1j + VAC2k  + VAC3l + MITE1m + MITE2n  + b1 Age (SYS) io  
                    + b2 (Age(SYS)) io + b3 ln (Age (SYS))io + b4 (ln (Age (SYS))) io + eijklmnop 
where: VAC1j, VAC2k, VAC3l, = effect of the vaccinations; MITE1m, MITE2n = effect of the 
treatments against mites; b1, b2, b3, b4 = partial regression coefficients; Ageijm = age of the 
laying hens in the housing system. 
 
RESULTS AND DISCUSSION 
Figures 1 and 2 show the tibia and humerus breaking strength of the hens from the different 
housing systems at the end of the 6th, 9th and 14th laying months. The LS-means and their 
standard errors for the eggshell stability at the end of the 6th, 9th and 14th laying month are 
presented in table 1 and the LS-means and their standard errors for the production traits from 
the 1th to the 14th laying month are given in Table 2.  
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Figures 1 and 2. Humerus and tibia breaking strength of the hens in the different housing 
systems at the end of the 6th, 9th and 14th laying months 
 
The bone breaking strength was consistently higher for hens kept in the aviary compared to the 
hens kept in battery and furnished cages. Many authors like Newman and Leeson (1998) and 
Leyendecker et al. (2001) have also found a higher bone breaking strength in hens kept in an 
aviary as compared to those kept in a battery. The higher bone breaking strength is presumably 
due to the increased opportunity to exercise (Whitehead, 2000). The hens in battery cages had 
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relatively less space to move around. The most frequent cause of death in the battery cages was 
bone fractures (31.2% of the mortality rate). In contrast, only 4.5% of losses in the aviary and 
7.5% in the furnished cages were due to fractures.  
 
 Table 1. LS-Means (LSM) and standard errors (SE) for eggshell stability at the end of 
the 6th, 9th and 14th laying months, and significant differences between the housing 
systems 
 

Variable Battery 
cages (B) 

 LSM     SE 

Furnished 
Cages (F) 

 LSM     SE 

Aviary  
(A) 

 LSM     SE 

B-F 
   p 

B-A 
    p 

F-A  
   p 

End of the 6th laying month          
Egg breaking strength         [N]   36.4 0.5   34.6 0.5   37.9 0.5 * * *** 
Eggshell thickness            [µm] 320.2 1.8 312.1 1.7 325.2 1.7 ** * *** 
Eggshell density         [mg/cm3]   84.2 0.4   83.0 0.4   86.3 0.4 n.s. *** *** 
End of the 9th laying month          
Egg breaking strength         [N]   38.7 0.6   37.6 0.5   38.9 0.6 n.s. n.s. n.s. 
Eggshell thickness            [µm] 325.8 1.9 326.3 1.9 328.3 1.9 n.s. n.s. n.s. 
Eggshell density         [mg/cm3]   86.0 0.5   85.9 0.4   86.3 0.5 n.s. n.s. n.s. 
End of the 14th laying month          
Egg breaking strength        [N]   33.7 0.9   31.1 0.9   31.4 0.9 * n.s. n.s. 
Eggshell thickness            [µm] 311.2 3.2 308.8 3.1 309.0 3.2 n.s. n.s. n.s. 
Eggshell density         [mg/cm3]   85.2 0.8   82.7 0.7   82.6 0.8 * ** n.s. 
n.s.: p > 0.05; *: p ≤ 0.05; **: p ≤  0.01; ***: p ≤ 0.001 
 
Table 2. LS-means (LSM) and their standard errors (SE) for production traits from the 
1st to the 14th laying month and significant differences between the housing systems 
 

Variable Battery 
cages (B) 

 LSM   SE 

Furnished 
Cages (F) 

 LSM   SE 

Aviary  
(A) 

 LSM  SE 

B-F 
  p 

B-A  
   p 

F-A  
  p 

Daily egg mass/survived 
hen[g] 

  49.8  <0.1  50.0 <0.1   49.2   <0.1 n.s. ** *** 

Daily feed consumption/hen 
[g] 

118.8    1.8 119.2     1.8 121.3     1.8 n.s. *** *** 

Mortality                             [%]    4.8 <0.1    4.0 <0.1    6.1 <0.1 *** *** *** 
n.s.: p > 0.05; **: p ≤  0.01; ***: p ≤ 0.001; 
 
As reported by Abrahamsson and Tauson (1993) and Hughes et al. (1993) the humerus 
breaking strength was found to be higher for hens kept in furnished cages as compared to those 
kept in battery cages. This could be due to the larger space and the sand bath in the furnished 
cages, the birds realized behaviors such as wing flapping and sand bathing more frequently 
than in the battery cages and thereby strengthened the humerus bones. But no difference in 
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tibia breaking strength could be observed between battery and furnished cages. Neither 
Abrahamsson and Tauson (1993) nor Hughes et al. (1993) found any significant increase of 
the tibia bones of the hens kept in furnished cages compared to those kept in battery cages. 
Because the hens in the aviary produced less egg mass per survived hen and needed more food, 
they had more calcium available per egg. So these hens could deposit more minerals in their 
bones than the hens in the battery and furnished cages. Particulary the egg production declined 
at the end of the laying period. Consequently not as much calcium was required for the 
eggshell formation at that time, which may explain why tibia bone stability increased at the 
end of the laying period. Eggshell stability was lowest at the end of the 14th laying month in 
comparison to the end of the 6th and 9th laying months. However, the hens in the aviary were 
able to increase their bone stability at the end of the laying period without lowering the 
eggshell stability as much as the hens in the other housing systems. In addition to exercise and 
nutrition genetics can influence bone stability. Thus Bishop et al. (2000) could show that bone 
stability could be enhanced through selection within a few generations. Moreover, found a 
negative correlation between eggshell and bone stability. Whitehead (2000) assumed that hens 
with a tendency for high bone stability provide less calcium for eggshell formation. At the time 
of highest eggshell stability analysed the bones had a relatively low breaking strength and vice 
versa. Consequently the bone stability and the eggshell stability are negatively related. 
 
CONCLUSION 
The results of this study definitively indicate that the housing system had an influence on the 
analysed traits. Housing system-genotype interactions were not significant. Therefore a 
selection between lines for a high bone breaking strength is not very promising with the two 
different genotypes used in this study. Otherwise due to the negative relationship between 
bone and eggshell stability a selection for high bone stability must take the eggshell stability 
into consideration. 
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