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Introduction

Modern industrial egg production is accompanied by a number of clinical

problems related to the welfare of laying hens. Sternum injuries are one of

the most common pathologies in this animal species. The sternum in hens is

9-12 cm long and is located in the ventral sagittal plane. This is the largest

bone in the body of the hen and serves as the basis of the entire skeleton. In

the early stages of the laying period, it is not yet completely ossified, and the

caudal tip often remains cartilaginous. This makes the sternum more

vulnerable to damage than other long bones that complete their ossification.

Methods

Studies show that the use of radiographic methods such as traditional

radiography (X-rays), computed tomography (CT), magnetic resonance

imaging (MRI) and sonography (ultrasound) are useful and very accurate in

detecting keel bone damage.

• Palpation
Palpation is most often used method to assess sternal injuries, but due to
lack of accuracy it is being replaced by diagnostic imaging methods. The
technique is performed with the thumb and forefinger on both sides of the
keel bone , palpating from beginning to end. Special attention should be paid
to the caudal end of the bone . Palpation most often reveals fractures of the
sternum due to the presence of callus on the ventral and lateral surface, due
to bone healing. In order for the callus to appear, the fracture must be old
enough to form, which is why they are called "old fractures."

• X-ray
Radiographic equipment is widely available and has been used successfully
to assess keel bone damage in anesthetized birds. Recently, portable X-ray
equipment has been used, which allows images to be taken directly in the
production facility without anesthesia. Radiography is that it allows the
identification of recent fractures and deformities in the dorsal aspect of the
sternum that cannot be detected by palpation. Non-anesthetized hens can
be positioned in the left lateral position by being fixed by two assistants. One
pulls the legs caudally, and the other fixes the wings above the spine. The
detailed information obtained from the radiographic examination can be
used as an aid to palpation training to improve the accurate and reliable
detection of a bone fracture.

• Ultrasound
Using high-frequency sound waves, sonography captures the reflection of
sound from structures in the body, giving an image of different tissues. The
animals are fixed in a supine position, and the plumage in the area of the
bone is removed. The transducer is performed along the ventral ridge of the
bone in the sagittal plane and the resulting image is evaluated for the
presence or absence of fractures. The biggest challenge in using ultrasound is
determining the appropriate size and shape of the probe to identify fractures.

• CT scan
This method provides an opportunity to perform 3D modeling of the
sternum. Tomography uses a narrow beam with a low level of radiation, and a
full scan can be performed in a few minutes. Depending on the size of the
device used, several hens can be scanned at the same time (Fig. 3). A major
advantage of computed tomography over the other methods described is
that the three-dimensional image can be rotated in all directions (360 °) to
identify minor fractures (Fig. 4).

Severity evaluation

Determining the severity is important because more serious injuries lead to
higher levels of pain, which in turn disrupts the welfare of birds. The tagged
visual analogue scale (tVAS) is an evaluation system using radiography
methods and consists of two elements: six visual tags serving as a rough
scaling tool (first step) and a catalog of "sample values". , with the help of
which the tendency to a lower or higher value between two markers is
specified (second step).
tVAS is a 10 cm line marked with numbers from 0 to 5 at a distance of 2 cm.
Each digit corresponds to a certain degree of fracture, from 0 - "no fracture",
to 5 - "extremely severe fracture" (Fig. 5). For each of the six markers, a
sample X-ray image is provided. The first step in classification is to mark the
location of this scale, which roughly corresponds to the severity of the
damage. In addition to the classification tool thus described, Christina
Rufener also offers a catalog with multiple images for each of the six markers
in order to better describe the scope of a given assessment. The need for
multiple images for each assessment stems from the complexity of the
injuries, especially in multiple fractures. Their number, location and other
characteristics impose the need for a larger number of sample images falling
into one category according to the scale.

Fig. 5. Tagged visual analogue scale ranging from 0 (no fracture) to 5 (extremely severe) with 

intermediate scores and corresponding example images. Arrows indicate the location of one or 

multiple fresh, healing, or healed fractures.

(Christina Rufener et al., 2018)

Fig. 3 Fixing of laying hens for the CT 

measurement

Fig. 2 A deviated keel bone. The keel bone surface area is circumscribed 

with blue color; the area of deviation is circumscribed with red color. The 

blue-red line marks the straight line between the start and end point of the 

deviated outline. https://doi.org/10.1371/journal.pone.0194974.g002 

Fig.1 Palpation of keel bone. 

Source: https://www.poultryworld.net/

Fig. 4 Cross-sectional CT images of laying 

hens.


