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ABSTRACT The aim of this study was to deter-
mine if body weight or range use has a significant
impact on bone health in commercial free-range lay-
ing hens, and to correlate tibia bone quality parame-
ters with individual range usage and body weight. A
total of 30 Lohmann Brown hens at 74 wk of age were
selected from a commercial free-range farm and were
either classified as heavy (mean ± SEM body weight
2.11 ± 0.034 kg, n = 14) or light (1.68 ± 0.022 kg,
n = 16) body weight, and also classified as rangers
(accessed the range for 86.7% of available days, n =
16) or stayers (accessed the range for 5.00% of avail-
able days, n = 14). The left tibiae of all individuals were
analyzed for morphological parameters using computed

tomography, evaluated for bone breaking strength, and
ashed to determine mineral composition. Keel bone
scoring was performed based on observation. Data were
analyzed using a 2 × 2 factorial ANOVA, and regres-
sion analysis was performed. There was no measurable
effect of range usage on any of the tibia parameters
investigated. The body weight was significantly cor-
related with tibia breaking strength (r = 0.59), tibia
weight (r = 0.56), tibia length (r = 0.64), diaphyseal
diameter (r = 0.61), and total tibia volume (r = 0.67).
In conclusion, range access had no beneficial effect on
bone health. The impact of internal hen house furnish-
ing and movement on bone health needs further inves-
tigation.
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INTRODUCTION

Bone health and subsequently bone metabolism of
laying hens has been a longstanding concern for egg
producers, veterinarians, nutritionists, and geneticists.
Common targets of pullet and layer production are
meeting recommended body weight, producing ade-
quate egg mass with a sufficient shell quality, maintain-
ing long term laying persistency, and preventing skeletal
disorders (Jahja et al., 2013). Bone health has a funda-
mental impact on skeletal support and eggshell qual-
ity and is important in meeting these industry targets
(Fleming et al., 1996; Leyendecker et al., 2005; Jahja
et al., 2013; Kerschnitzki et al., 2014).

Bones are dynamic tissues, and their quality is influ-
enced by nutritional, hormonal, and physiological fac-
tors including mechanical stress and physical activity
(Rath et al., 1999). Bone structure is able to adapt its
mass, shape, and internal architecture according to the
mechanical loading experienced within an environment.
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The most important factors influencing these features
are locally acting stresses and strains created by intrin-
sic muscle forces as well as the external loads (Shipov
et al., 2010). An increase in bone load due to
body mass or physical activity stimulates bone for-
mation and increases bone mass, whereas hypoactiv-
ity or decreased load due to disuse or rest induces
bone loss or reduced mass in chickens due to mod-
eling and remodeling mediated by the activity of os-
teoblasts and osteoclasts (Knowles and Broom, 1990;
Norgaard-Nielsen, 1990; Fleming et al., 2006; Shipov
et al., 2010; Jahja et al., 2013; Aguado et al., 2015;
Rodriguez-Navarro et al., 2018). The physical load-
ing of bones directs the deposition of bone materi-
als towards the sites of highest physical stress (Jahja
et al., 2013).

Severe osteoporosis is commonly observed in caged
laying hens and highlights the importance of physi-
cal exercise (Regmi et al., 2016; Casey-Trott et al.,
2017). Modern commercial housing systems such as
barn or free-range facilities provide a variety of inter-
nal furniture such as perches, aviaries, dust bathing,
and scratching areas (Miao et al., 2005). This increases
load-bearing exercise due to expression of a large
variety of behaviors including general locomotion
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as well as dust bathing, sun bathing, preening,
stretching, nesting, running, wing flapping, or flying
(Leyendecker et al., 2005; Miao et al., 2005). The choice
to exercise can affect the overall bone biology signif-
icantly (Whitehead, 2002, 2004; Leyendecker et al.,
2005). The increased physical activity of hens housed
in the free-range system has shown to increase the
cortical area and bone stiffness, and thus might in-
fluence the incidence and severity of osteoporosis in
laying hens (Shipov et al., 2010; Rodriguez-Navarro
et al., 2018).

When a range is provided, some hens prefer to spend
most of their time ranging (hereafter referred to as
rangers) while others prefer to stay inside the shed
and rarely access the outdoors (hereafter referred to
as stayers) (Gebhardt-Henrich et al., 2014). The de-
velopment of these subpopulations has been associated
with different hen performances. Hens that range fre-
quently come earlier into lay and maintain their laying
rate for longer (Ruhnke and Sibanda, 2018). However,
hens with access to pasture have also been reported to
be heavier compared to hens that prefer to stay in the
shed which are less exposed to pasture (Singh et al.,
2016; Iqbal et al., 2017). Given that physical move-
ment and body weight can significantly impact bone
health, we hypothesize that free-range hens that spent
more time on the range or hens that are heavier may
have superior bone health compared to hens that stay
in the shed or hens that are lighter. Therefore, the
aim of this study was 1) to determine if body weight
or range use has a significant impact on bone health
in commercial free-range laying hens and 2) to deter-
mine whether there is a correlation between tibia bone
quality parameters and individual range usage or body
weight.

MATERIALS AND METHODS

Ethical Statement

The study was approved by the Animal Ethics Com-
mittee (AEC17-120), University of New England, NSW,
Australia, prior to the start of the data collection.

Housing and Management

A total of 40,000 Lohmann Brown hens were housed
on a commercial free-range farm equipped with a multi-
tier aviary system. All the hens were reared in a 3-
tier aviary system to match the later housing sys-
tem. A randomly selected subpopulation of 3,125 hens
were partitioned and monitored for range usage using
a custom-made RFID system (Science and Engineering
workshop at the University of New England, Armidale,
NSW, Australia) as previously described by Sibanda et
al. (2019) (unpublished data). Briefly, radio frequency
antennae were placed along the entire length of the
partitioned inner and outer pop-holes to determine the

direction of hen movement. All hens were equipped with
individual numbered RFID leg bands (Monza R6 UHF
RFID leg band, Impinj, Seattle, WA) at the age of 16 wk
and monitored for range access daily until 74 wk of age.
All hens were subjected to the same management and
environmental conditions. At the time of depopulation
(74 wk of age), a cohort of 30 hens was selected based
on their individual range use and body weight. Selected
hens were either classified as heavy (average 2.11 ±
0.034 kg, n = 14) or light (average 1.68 ± 0.02 kg,
n = 16), and also classified as rangers (accessed the
range for 86.7% of available days, n = 16) or stayers
(accessed the range for 5.00% of available days, n = 14;
Table 1).

Sample Collection

Individual body weight of the selected hens was
measured using poultry weighing scales (Veit BAT 1,
Moravany, Czech Republic) with a precision of 0.001 kg.
The hens were then humanely sacrificed by cervical dis-
location and their left tibiae were collected, the associ-
ated muscle mass was manually removed, and the bones
were stored at –20°C.

Keel Bone Damage

Keel bone damage on sacrificed and skinned hens
was physically evaluated by the same observer using
a scoring system modified from Scholz et al. (2008).
The keel bone integrity was determined by compari-
son with an ordinal scale where “0” indicates no frac-
ture, “1” a minor fracture, and “2” severe or multiple
fractures.

Tibia Weight, Length, and Diameter

Individual tibia weight was measured using a com-
mercial scale (Shinko Denshi, RoHS Compliant, Japan),
tibia length was determined from the intercondylar em-
inence to the most proximal point of the lateral malleo-
lus, and the diameter was determined at the mid shaft
diaphyseal region using digital Vernier calipers (Model,
Kincrome, Melbourne, Australia) with an accuracy of
± 0.01 mm. Relative bone weight was calculated by
referring to individual body weight. The values were
calculated using the following equation:

Relative bone weight =
bone weight
body weight

× 100%

Quantitative Computed Tomography Scan
for Cortical Bone Mineral Density

The tibiae were imaged using a GE-Phoenix
V|tome|xs 240 micro-computed tomography (CT) scan-
ner (GE Sensing and Inspection Technologies GmbH,
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Table 1. Descriptive statistics of the study population.

Rangers Stayers Light Heavy
(n = 16) (n = 14) (n = 16) (n = 14)

Range use (% of the available days) Mean 86.7 5.0 45.9 51.6
SEM 3.38 2.68 11.5 10.9
Minimum 37.2 0 0 0.4
Maximum 94.7 30.8 92.1 94.7

Absolute number of days hens accessed the range Mean 230.6 12.5 122 136.6
SEM 8.98 6.69 29.2 30.7
Minimum 99 0 0 1
Maximum 252 77 245 252

Body weight (kg) Mean 1.88 1.89 1.69 2.11
SEM 0.07 0.05 0.02 0.03
Minimum 1.51 1.65 1.51 1.89
Maximum 2.30 2.23 1.82 2.24

Wunstorf, Germany) to determine the cortical bone
mineral density, the relative proportion of blood ves-
sels to total bone volume, the proportion of tibia bone
marrow, and the proportion of cortical bone relative
to total bone volume. Briefly, the bones were thawed,
immediately cleaned at room temperature of remaining
debris, and mounted onto a rotating stage along with
2 calibration calcium hydroxyapatite phantom equiva-
lents (0.25 and 0.75 g/cm3 density, Bruker-MicroCT,
Melbourne, Australia). Images were taken with the
x-ray settings maintained at 160 kV, 120 mA, 200 ms
integration time per projection with a focal spot of
4 µm diameter. Scans were captured using a 1,000 ×
2,000 pixel “virtual” detector array (DXR-250) with
3,600 projection angles per revolution using a constant
rotation CT method. The isotropic voxel side length
was 124.91 µm after reconstruction. Volumes were im-
ported into FIJI, ImageJ version 2.0.0.0-rc-15/1.49k,
Java 1.6.0_65, and the “threshold” tool was used to
isolate pixels representing different phases (cortex, mar-
row, and air) for a sample from each scan. These
pixels were then used to create a mask of classified pix-
els, and any misclassification was manually removed.
These masks were then used to train a classifier in
the “trainable Weka segmentation” machine learning
toolkit (v3.2.29) available in ImageJ (Frank et al.,
2016). This classification algorithm determined for the
training sample was assessed for accuracy and when ac-
ceptable was applied to the remainder of the dataset.
Voxel counting methods were used for volumetric
analysis.

Three-Point Bone Breaking Strength

After CT scanning, the left tibiae underwent a
3-point bending to failure procedure following the
method described by Toscano et al. (2013) using an
Instron Lx 600 machine (Instron Lv 600, Instron, UK).
Bones were mounted on a metal pin support of 50 mm
distance from the mid-diaphysis testing site of the tibia,
and a perpendicular load cell was used to apply loading
to the midpoint of anterior surface until fracture. The
result was recorded as the force (N) required to reach
the structural failure of tibia.

Tibia Ash Percentage and Mineral Analysis

Following quantitative CT scanning and bone break-
ing strength measures, the whole tibia was weighted
(wet weight) using a commercial scale (Shinko Denshi,
RoHS Compliant, Japan) and dried in an oven at 100°C
for 24 h until constant weight (dry weight). The bones
were then ashed at 600°C overnight in a muffle furnace
(Carbolite Gero Limited, Hope Valley, UK), cooled in a
desiccator, and weighted again. The moisture percent-
age and tibia ash percentage were calculated using the
following equations:

Moisture percentage =

wet weight of the sample − weight of sample after drying

wet weight of the sample

× 100%

Tibia ash percentage =
ash weight

dry matter
× 100%

The concentrations of calcium, magnesium, phospho-
rus, and sulfur in the ash were further analyzed using
the ultrawave microwave digestion system (Milestone
Srl, Sorisole, Italy), and the mineral percentages were
determined. Briefly, approx. 0.2 g of homogenized ashed
sample were used for the digestion in 4 mL concentrated
nitric acid using the single reactor chamber of the mi-
crowave. The temperature control ranged from 110 to
240°C, and the pressure was applied up to 110 bar.
After digestion, the samples were quantitatively trans-
ferred to a 25 mL container and adjusted for volume
with high purity deionized water. Analysis for calcium
(422.673 nm), magnesium (285.213 nm), phosphorus
(213.618 nm), and sulfur (181.972 nm) was carried out
using an inductively coupled plasma optical emission
spectrometer (ICP-OES; Agilent Australia, Victoria,
Australia).

Statistical Analysis

Statistical analysis was performed using SPSS statis-
tics v.24 (IBM Corp., Armonk, NY). A 2 × 2 factorial
ANOVA was conducted to compare the main effects
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and interaction of range use and body weight on differ-
ent bone parameters. Both range use and body weight
included 2 levels of analysis: “rangers” and “stayers”,
as well as “heavy” and “light” hens, respectively. The
data that were not normally distributed were log trans-
formed before the analysis. For the ordinal data of the
keel bone damage, a chi-square probability test was
performed to determine the relationship between the
keel bone damage and range usage and body weight
using JMP 14 (SAS Institute Inc., Cary, NC). Spear-
man correlation tests were performed between the body
weight and range usage and the parameters of bones
to evaluate the potential contribution of body weight
or range. An overall correlation matrix of body weight
and range usage with different bone parameters and box
and whisker diagram was created using JMP 14 (SAS
Institute Inc.). The level of significance (α) was set at
P < 0.05.

RESULTS

The Impact of Range Usage and Body
Weight on Tibia Bone Architecture and Keel
Bone Damage

Body weight but not range usage was a significant
factor for individual tibial length, weight, diaphyseal
diameter, total tibia volume, or tibia breaking strength
(Table 2, Figure 1). Similarly, there were no interactions
between the body weight and range usage for any of the
obtained bone parameters. Heavy hens showed 35.6%
higher tibia breaking strength (P < 0.001), 3.31% larger
diaphyseal diameter (P = 0.001), 7.14% larger total
bone volume (P < 0.001), 5.08% higher bone weight
(P = 0.003), and 1.98% greater bone length (P = 0.001)
compared to the lighter hens (Figure 1). In contrast,
lighter hens had 3.34% higher relative bone weight
(P = 0.001) than heavy hens. There was also a signif-
icant effect of range usage on the relative bone weight
where rangers had heavier relative bone weight com-
pared to the stayers (P = 0.044). However, there was
no effect of body weight or range use on composition of
the bone minerals (Table 2).

No significant effect of body weight or range usage
on the occurrence of keel bone fractures could be ob-
served (Table 3). There was no difference in the inci-
dence of occurrence of keel bone damage in rangers and
stayers group. Although not significant, the stayers had
3.33% (P = 0.27) higher keel bone damage compared to
the rangers (Figure 4). Similarly, the proportion of keel
bone damage in heavy and light hens was almost similar
(40.0% and 36.7%, respectively, P = 0.27; Figure 4).

Correlation of Body Weight and Ranging
Activity on Tibia Characteristics

An overall scatterplot correlation matrix of body
weight, range usage, and different bone parameters
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Figure 1. Box and whisker diagrams illustrating the impact of body weight and range usage on several tibia characteristics in commercial
Lohman Brown hens at the age of 74 wk. Boxes are bounded by the 25th and 75th percentiles with the median shown by the line bisecting the
box. Whiskers extend to the full range of the data. The P values shown above the box relate to the main effect of the factors (body weight and
ranging use) on each bone parameters obtained from 2 × 2 factorial ANOVA. The following abbreviations are used: BS: breaking strength (N),
DD: diaphyseal diameter (mm), TotalVol: total bone volume (mm3).

Table 3. The relationship between the keel bone damage and the
range usage and body weight of the commercial free-range laying
hens of 74 wk of age.

Test Chi-Square DF P-value

a. Range usage
Pearson 1.201 1 0.273
Likelihood ratio 1.238 1 0.265

b. Body weight
Pearson 1.201 1 0.273
Likelihood ratio 1.238 2 0.265

with histogram is shown in Figure 2. Correlation
analysis indicated a positive relationship between the
hen weight and tibia breaking strength (r = 0.33,
P < 0.001), diaphyseal diameter (r = 0.61, P < 0.001),
tibia length (r = 0.74, P < 0.001), weight (r = 0.56,
P < 0.001), and total volume (r = 0.67, P < 0.001)
(Table 3). Significant positive linear relationships be-
tween the body weight and different bone parameters
were observed with r2 = 0.345 (P < 0.001), 0.411
(P < 0.001), 0.313 (P < 0.001), 0.449 (P < 0.001), and
0.369 (P < 0.001) for breaking strength, tibia length,
tibia weight, total volume, and diaphyseal diameter, re-
spectively (Figure 3).

DISCUSSION

The Impact of Body Weight and Tibia
Morphology/Compositional Parameters

To our knowledge, there is very limited informa-
tion available about tibia characteristics from individ-
ual hens/flock subpopulations housed in the same free-
range or barn system and subject to the same rearing
conditions. Therefore, in the present study, we evalu-
ated the tibia from these subpopulation, stayers, and
rangers to determine the impact of body weight and
range usage on bone quality. The tibiae of heavy hens
were found to have greater breaking strength, diameter,
length, bone weight, and total bone volume compared
to the tibiae of lighter hens. Such differences can be
attributed to the overall body size knowing that bone
geometry responds to the changes in body weight and
additional body mass increases the loading strain ap-
plied to the skeletal system, and therefore its compo-
sition and strength (Harner and Wilson, 1985; Cooper
et al., 1995). This is in agreement with previous research
performed on 16-wk-old pullets where body weight was
associated with greater total, cortical, and trabecular
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Figure 2. Overall scatterplot correlation matrix of body weight, range usage, and different bone parameters of Lohmann Brown hens at the age
of 74 wk. The histogram on the diagonal axis shows the distribution of different parameters. The lower and upper triangles at the off-diagonal
section illustrate the same relationships between the variables but the axis has been switched. The density eclipses show the magnitude of the
linear association between the variables (the tighter the eclipses, the stronger is the correlation). The following abbreviations are used: DD:
diaphyseal diameter, TotalVol: total volume, BMD: bone mineral density, BW: body weight, BS: breaking strength.

area as well as bone mineral content (Casey-Trott
et al., 2017). Therefore, it is important to maintain the
breeder standard body weight in a flock to maintain the
bone health and strength. Further research on determi-
nation of lower threshold for body weight to maintain
the bone health is warranted.

The Impact of Range Use and Tibia
Morphology/Compositional Parameters

Multiple studies have demonstrated an impact of the
housing system on various bone parameters including
bending, modulus of elasticity, weight capacity, and
stiffness (Newman and Leeson, 1998; Shipov et al.,
2010). Specifically, Shipov et al. (2010) demonstrated
that the quality of tibiae and humeri of free-range hens
were mechanically superior including the ultimate load,
load to fracture, yield load, and stiffness compared to
tibiae obtained from caged hens. In the present study,
the rangers had heavier relative tibia compared to stay-
ers and there was no interaction between the body
weight and range usage. On the contrary, the results

from Knowles and Broom (1990) showed a positive re-
lationship between the movement of laying hens, body
weight, and bone strength, where body weight impacted
bone loading only in perched hens where movement was
possible compared to the hens housed in cages. While
our results clearly demonstrated that bone character-
istics are not affected by range use and activity in the
range as such (Figure 1, Table 2), other possible factors
that might have affected relative tibiae weight such as
the impact of movement within the hen house should
be investigated.

The fact that the range use did not influence any
other bone parameters in this study which was unex-
pected since in other studies, bone density of the cor-
tical and trabecular regions in adult hens has been re-
ported to differ depending on the housing system and
the level of physical restriction they experience (Jendral
et al., 2008; Shipov et al., 2010; Regmi et al., 2015).
Moreover, bone breaking strength has been found to be
consistently higher in hens kept in aviary systems com-
pared to hens kept in conventional and furnished cages
(Leyendecker et al., 2005). Furthermore, bone density
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Figure 3. Linear regression fit plot for the body weight and different bone parameters of commercial laying hens of 74 wk of age. Each dot
represents an individual hen and the blue line represents the linear fit with R2 values and P-values displayed. The following abbreviations are
used: BS: breaking strength, TotalVol: total volume, DD: diaphyseal diameter.

can be positively related to the exercise level of the in-
dividual (Rutten et al., 2002; Jahja et al., 2013). One
possible explanation for the results observed in this
study might be that although the stayers did not access
the range as frequently as the rangers, their activity in
the shed could have been comparable to the activity of
rangers outdoors. Stayers and rangers were hens from
the same flock and subject to the same rearing con-
ditions which included a 3-tier aviary system. While
bone is a dynamic tissue and constantly subject to os-
teoclastic and osteoblastic activity, the fundamental of
the quality of the skeletal system is significantly influ-
enced during early development, e.g., the pullet grow-
ing phase that represents a critical period for structural
bone growth (Enneking et al., 2012; Hester et al., 2013;
Regmi et al., 2015; Casey-Trott et al., 2017) and will
only be maintained during the laying cycle if the op-
portunities for movement are continued (Regmi et al.,
2016). This weight loading exercise during rearing and
the ongoing hen exercise later in life regardless of the
individual hen location (in the shed or on the range)
might have contributed more significantly to physical
bone quality parameters than range use in this study.
Similarly, Donaldson et al. (2012) have shown that the
availability of aerial perches on tibial bone strength was

not beneficial when compared with the hens housed
in alternative system but with no perches, concluding
that hens might have similar opportunities to exercise
and improve leg health by using the shed environment.
Moreover, vigorous exercise such as flying or running
rather than walking or hopping and the extent of move-
ment allowed in the husbandry system are more impor-
tant factors than just the provision of perches alone to
markedly improve bone quality in laying hens (Knowles
and Broom, 1990; Whitehead and Fleming 2000; Leyen-
decker et al., 2005). Therefore, future research on the
behavioral study tracking individual hen movement
within the shed but also on the range would be required
to determine factors that impact bone quality in hens
housed in loose husbandry systems in more detail.

In the present study, we were not able to observe
differences in the cortical bone density, bone ash, or any
of the mineral content (calcium, phosphorus, sulfur, and
magnesium) between the stayers and rangers which is in
line with several other research studies investigating the
cortical and trabecular structure in laying hens (Jendral
et al., 2008; Shipov et al., 2010; Regmi et al., 2016)
suggesting that exercise improves bone quality chiefly
by altering its structural properties rather than mineral
composition.



6248 KOLAKSHYAPATI ET AL.

Figure 4. The mosaic plot (A and B) and analysis of mean plot (C and D) illustrating the proportion of keel bone damage in rangers and
stayers and heavy and light group of hens of 74 wk of age in a commercial free-range flock. The “score 0” represents no damage and “score 2”
represents severely damaged. There was no hens with “score 1” that represented mild damage. There was no significant difference between any
of the parameters. Hens of all groups (rangers, stayers, heavy, and light) were severely affected by keel bone damage with incidence typical for
commercial flocks housed in non-cage system.

The Impact of Body Weight and Range Use
on Keel Bone Damage

Keel bone fractures are common in hens housed in
aviary and free-range systems due to more frequent
collisions (Gregory et al., 1990; Bosh and Van Nieker,
1994; Leyendecker et al., 2005; Jahja et al., 2013). The
prevalence of keel bone damage is estimated to increase
up to 90% amongst hen’s housed in non-cage system
(Rodenburg et al., 2008; Kappeli et al., 2011; Gilani et
al., 2013; Gebhardt-Henrich and Fröhlich, 2015). Heav-
ier hens are also more likely to suffer from keel bone
damages due to the higher impact force when experienc-
ing a collision incident (Toscano et al., 2013; Gebhardt-
Henrich et al., 2017). Incongruously, Donaldson et al.
(2012) showed no effects of using horizontal structures
such as perches on the prevalence and severity of keel
bone damage observed on commercial free-range layer
farms. Moreover, they also did not find an association
between body mass and keel bone fracture which can
be confirmed by the results obtained from our research.
The prevalence of keel bone fractures depends not only
on the housing condition but also on the rearing system
that was used during pullet age (Casey-Trott et al.,
2017). For example, if hens were raised in an aviary
system rather than a caged system, the percentage of
fractures is significantly lower (e.g 41.6% compared to

60.3%, respectively; Casey-Trott et al., 2017). The hens
in the current study were reared in an aviary system,
and early life experience may have prevented them
from exhibiting significant differences in keel bone
damage later in life. Environmental components such
as the housing design, perches, or factors contributing
to accidents seem to be a major driver for the incidence
and severity of keel bone fractures (Gebhardt-Henrich
et al., 2017) making both the rangers and stayers
equally susceptible to the keel bone fractures.

Correlation of Bone Parameters With Body
Weight and Range Usage

There was a strong correlation of bone breaking
strength with other bone parameters such as bone
length, diaphyseal diameter, and total bone volume.
A strong positive linear association of the breaking
strength and body weight observed in this study in-
dicates that heavier hens experience bones that are
harder to break. The range usage was not able to pre-
dict any of the bone parameters which again strengthen
our conclusion that the range usage was not beneficial
to improve any of the bone health parameters. Lighter
hens, therefore, might have a greater risk of tibia break-
age which compromises their health and welfare. These
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findings are in agreement with Harner and Wilson
(1985) and Nogaard-Nielsen (1990). Casey-Trott et al.
(2017) also found body weight to have a positive lin-
ear effect on the majority of the quantitative computed
tomographic parameters such as total, cortical, and tra-
becular cross-sectional areas as well as total bone min-
eral content of tibia. The known effects of weight load-
ing and shear force on bone remodeling suggest that the
relationship is causal rather than coincidental (Knowles
and Broom, 1990). Since range usage was not corre-
lated to the tibia characteristics in the present study,
we might suggest that the opportunity for hens to use
horizontal structures such as perches in the hen house
was equivalent irrespective of the time hens spent on the
range. In fact, in order to prevent floor eggs, it is crucial
to ensure hens are roosting at night. Training of hens to
use nest boxes and sleep on horizontal structures would
have been the same for stayers and rangers, given that
all hens were subject to the same environmental and
management conditions. It is therefore likely that there
is an equivalency in the stressors placed on hens with
indoor activities and that range usage is not a dom-
inant factor in improving bone strength or resilience
parameters.

CONCLUSION

Range access appears to be of minor importance for
tibia health, suggesting that other husbandry strategies
such as the rearing environment, horizontal structures
in the hen house, or hen management practices may
have a stronger impact on skeletal quality. Tibia qual-
ity was predominantly correlated with body weight,
highlighting the importance of flock uniformity and
managing for a target body weight to ensure nutri-
ent requirements are met for all individuals. Further
research including the characterization of detailed
hen movement patterns within the hen house is war-
ranted to determine the ideal indoor hen environment
regarding bone health.

SUPPLEMENTARY DATA

Supplementary data are available at Poultry Science
online.
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