‘Q%,' Indian Veterinary Magazine

a monthly Magazine

VETERINARY of(heﬁeople, by the people, for the people
MAGAZINE

Vol 2 Issue 1 Jan 2026, 32-40 ISSN:3108-1398

Digital Radiographic Imaging in Veterinary Practice: Principles,
Modalities, And Clinical Significance

Harsha Sahu!”", Rukmani Dewangan?, Ashish Behra3

'PhD Scholar Division of Veterinary Surgery and Radiology, Indian Veterinary Research Institute Izzatnagar, Bareilly
U.P. India 243122

2Assistant Professor, Division of Veterinary Surgery and Radiology, DSVCKYV anjora Durg, C.G. India 421001
3Teaching Associate, Division of Gynaecology and Obstetrics DSVCKYV, Anjora, Durg, C.G. India 421001

*Corresponding author: harshasahu676(@gmail.com

Abstract

Digital radiographic imaging represents a major technological advancement in veterinary
diagnostic imaging, fundamentally transforming the way radiographic examinations are
performed, interpreted, and archived. This imaging modality is based on the electronic
measurement of X-ray transmission patterns as they pass through the patient, followed by
conversion of this information into a digital computer file that can be displayed on a computer
monitor. Unlike conventional film radiography, digital radiography is a completely filmless
system and does not involve photographing radiographic films or scanning processed films to
obtain digital images. Instead, radiographic images are acquired directly in digital format,
allowing rapid visualization and efficient electronic storage. Digital radiographic imaging has
revolutionized diagnostic imaging in veterinary practice by replacing conventional film-based
radiography with advanced electronic image acquisition and processing systems. This
technique involves the electronic measurement of X-ray transmission patterns as they pass
through the patient, which are then converted into a digital computer file for display on a
monitor. Instead, radiographic images are acquired directly in digital format, allowing
immediate visualization and efficient data handling. Various technologies are used for digital
X-ray capture in veterinary medicine, which operate using either direct or indirect digital
radiography. Despite differences in detector design, the fundamental principle remains the
same: X-ray energy is captured by digital detectors, converted into electronic signals, and
processed using computer software to generate diagnostic images. Digital radiography offers
several advantages, such as improved image quality, wider dynamic range, reduced radiation
exposure, rapid image acquisition, and the ability to manipulate images post-exposure. These
benefits enhance diagnostic accuracy and workflow efficiency. Digital radiographic imaging
is now widely used in small and large animal practice making it an essential tool in
contemporary veterinary diagnostics.

Introduction

Digital radiographic imaging involves the electronic measurement of the pattern of X-
ray transmission as it passes through the patient, followed by conversion of this information
into a digital computer file that can be displayed on a computer monitor. Unlike conventional

film radiography, digital radiography does not involve photographing a radiographic film
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image with a digital camera or scanning a processed film to create a digital copy. Instead, it is
a filmless imaging technique in which radiographic images are acquired directly in digital
format and viewed electronically.

Several methods are available for the digital capture of X-rays, including computed
radiography (CR), digital fluoroscopy (DF), and flat-panel radiography systems, which include
both direct and indirect digital radiography. Regardless of the method used, the fundamental
principle of digital radiography is the use of digital detectors to generate the image, which is
then stored on a digital medium rather than on photographic film.

The transition from conventional to digital radiography has been driven by the need for
improved image quality, faster workflow, and enhanced diagnostic accuracy in veterinary
practice. Traditional film radiography requires precise exposure settings and chemical
processing, both of which can influence image quality and often necessitate repeat exposures
in case of errors. In contrast, digital radiography offers a wide dynamic range and greater
exposure latitude, enabling acceptable image quality over a broader range of exposure
conditions. This characteristic significantly reduces the number of repeat radiographs, thereby
minimizing radiation exposure to animals, veterinarians, and technical staff. Computed
radiography employs photostimulable phosphor imaging plates that store latent images and are
subsequently processed using a laser scanner. Flat-panel detector systems may function
through either indirect conversion, where X-rays are first converted into light and then into
electrical signals, or direct conversion, where X-ray photons are directly transformed into
electrical charges. Despite differences in detector technology, all digital radiographic systems
rely on digital detectors and computer-based image processing to generate diagnostic images.
Digital radiography also allows extensive post-processing capabilities, such as adjustment of
brightness and contrast, image magnification, edge enhancement, and annotation. These
features improve visualization of subtle pathological changes and support more accurate
interpretation. Furthermore, digital images can be easily stored, retrieved, and transmitted
electronically, facilitating telemedicine, remote consultations, and long-term record
maintenance. In veterinary practice, digital radiographic imaging is widely used across small,
large, and exotic animal species for evaluation of musculoskeletal, thoracic, abdominal, dental,
and reproductive conditions. Its integration into modern veterinary clinics and hospitals has
significantly improved diagnostic efficiency, clinical decision-making, and overall patient care.
Digital imaging consists of four essential steps: image generation, image processing, image

archiving, and image presentation. Together, these steps allow efficient acquisition, storage,
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retrieval, and display of radiographic images, contributing to improved workflow and

diagnostic efficiency.
X-ray Generation

!
Exposure of Digital Detector to X-rays

!
Absorption of X-ray Energy by Detector

!

Conversion of Absorbed Energy into Electrical Charges

!

Recording and Digitization of Electrical Signals
!
Quantification into Gray Scale Values
(Represents X-ray energy at each digitization locus)

!
Sampling of Raw Data

l
Post-processing by Software
(Organization of data into a clinically meaningful image)

!

Final Image Generation

!
Transfer to Digital Storage Archive

l
Linking of Digital Header File
(Patient demographic and examination details)
!
Image Display on Monitor
(Optional hard-copy film printing)

Digital radiography can be broadly classified into two main types: computed radiography (CR)
and direct digital radiography (DDR). In both systems, conventional radiographic equipment
including the X-ray tube, X-ray table, and grid is used for image acquisition. The fundamental

distinction between analog and digital imaging lies in the method of image recording. In
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conventional film-based radiography, the film cassette records the transmitted X-ray pattern,

whereas in digital radiography, this cassette is replaced by a digital recording device that
captures the distribution of X-rays passing through the patient. In computed radiography
systems, the  digital

recording device consists

‘ DIGITAL IMAGING ‘
Of a cassette containing a *
ﬂeXIble lmaglng plate In ‘ CR (Computed Radiography) ‘ ‘ DR (Direct Digital Radiography) ‘
ContraSt’ dlreCt dlgltal ‘ Flat pancl Digital Radiography | ‘ Charged Coupled Device
radiography systems use a
rigid imaging plate or [Dies |
imaging chip without a Fig: Types Of Digital Radiography

cassette. Certain charge-coupled device (CCD)-based DDR systems may require the purchase
of a new X-ray table, as the imaging hardware is integrated into the table structure and may not
be easily adaptable to existing radiographic units.

COMPUTED RADIOGRAPHY (CR)

Computed radiography, also referred to as diagnostic digital radiography, is a form of
conventional projection radiography in which images are acquired digitally using an imaging
plate instead of photographic film. This technique retains much of the traditional radiographic
workflow while replacing film with a reusable digital detector.

A typical computed radiography system comprises a conventional X-ray machine,
specially designed CR cassettes, an image reader, and an interfaced computer system.
Functionally, the CR system includes a digital image receptor in the form of an imaging plate,
a digital image processing unit, an image management system, data and image storage devices,
a communications network, a display device, and a laser printer for hard-copy output when
required.

Imaging Plate and Image Formation

The CR cassette does not contain an intensifying screen or X-ray film. Instead, it houses
a flexible imaging plate coated with a photostimulable phosphor (PSP). When exposed to X-
rays, the attenuation pattern of the patient is stored as a latent image within the PSP layer. This
latent image results from changes in electron energy states caused by the interaction of X-rays
with the phosphor material.

The stored latent image is not visible immediately and must be read out optically. This

is achieved through photostimulated luminescence, which occurs when the PSP plate is
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stimulated by a scanning laser beam within the image reader. As a result, the imaging plate
must undergo processing in a CR reader following radiographic exposure.
Image Processing in Computed Radiography

After exposure, the CR cassette is removed from the X-ray table and placed into the
image reader. The reader automatically extracts the PSP plate from the cassette and scans it
using a laser. During laser stimulation, the PSP plate emits visible light in proportion to the
amount of stored X-ray energy. This emitted light is detected by a photomultiplier tube, where
it is converted into an electronic signal. The signal is then digitized and stored as a digital image
file.

ADVANTAGES

Radiographic images can be adjusted using dedicated computer software to maximize
diagnostic image quality.

Digital images can be accessed at computer workstations throughout the hospital,
instantly retrieved from computer archives, and transmitted via the internet for consultation or
case referral.

Digital radiographic data can also be incorporated into a hospital information system,
making record keeping an entirely paperless process.

Digital image acquisition is faster when compared to conventional screen-film
radiography, improving workflow and patient throughput.

Digital radiography greatly reduces the need for 'retake' radiographs because of wide
latitude in exposure factors. The cost associated with radiographic film and development is
also eliminated.

Digital images can be manipulated during viewing with functions like panning,
zooming, inverting the gray scale, measuring distance and angle, and windowing.

Image distribution over local area networks is possible. Digital images and associated reports
can be linked to a digital patient record for enhanced access to diagnostic data.
Clinical Relevance

Computed radiography offers several advantages, including compatibility with existing
radiographic equipment, reusability of imaging plates, and improved image storage and
retrieval. These features make CR a widely adopted digital imaging modality in veterinary and
medical radiology, particularly in settings transitioning from conventional film-based systems
2. DIRECT DIGITAL RADIOGRAPHY
There are three distinct types of DDR:

indirect flat-panel detector system,
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direct flat-panel detector system
CCD system.

In DDR, the detector replaces the imaging cassette,and within a few seconds after the
radiographic exposure,the digital radiographic image is ready for quality-control evaluation.
Direct and indirect flat-panel detectors are commonly tethered to a processing computer by an
electric cable, although some wireless systems are available.

Indirect Flat-Panel Detectors

Indirect flat-panel detectors are termed indirect because they produce light as an
intermediate step in image formation. An x-ray intensifying screen is used to convert x-ray
energy emerging from the patient into visible light. The intensifying screen is layered onto a
panel containing an array of tiny photodiodes. Much as with the photostimulable phosphor
found in the CR plate. The photodiodes convert light emitted from the intensifying screen into
an electronic signal that is then read out by a thin-film transistor array and transformed into an
electronic file. To have good spatial resolution,the size of each detector element is very small,
and a full-size imaging plate measuring approximately 43 cm x43 cm may have a photodiode
matrix of at least 2600 x 2600. Thus, an indirect flat-panel detector can have on the order of 6
to 7 million photodiodes or more. As can be imagined, the electronics needed to record and
spatially localize the signal from each photodiode, or pixel, and to also incorporate the
photodiode into each detector element is quite complicated. This contributes to the relatively
high cost of flat-panel detectorscompared with a film-screen cassette system. Indirect flat-panel
detectors are commonly capable of a bit depth of 14, meaning there is a grayscale resolution of
16,384 gray shades per pixel.

B. Direct Flat-Panel Detectors

In a direct flat-panel detector there is no light intermediary. Oncoming x-rays strike a
photoconductor, typically composed of amorphous selenium, which has high efficiency x-ray
absorption. Electrons liberated in the selenium layer by the oncoming x-ray beam are collected
to form a charge. This charge is then read out directly by the thin-film transistor array,
processed by the readout electronics and converted to an electronic file. As with indirect flat-
panel detectors, there are millions of detectors in the array, and the pixel matrix is of
comparable size, also with a bit depth of 14. Thus, the main difference between indirect and
direct flat panel detectors is the intermediate step of light production from the intensifying
screen in indirect systems. There is some light diffusion within an x-ray intensifying screen.
This light diffusion, which can potentially lead to blurring, is a purported disadvantage of

indirect flat-panel detectors versus direct flat-panel detectors. However, with modern
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engineering techniques, and the structure of the crystals in the intensifying screen, the amount
of light diffusion that actually occurs in the intensifying screen of the indirect flat-panel
detector is minimal and not clinically significant
C. Charged-Coupled Device

CCD chips are used routinely in video camcorders and digital cameras, but their use in
radiographic imaging is less common than either CR or flat-panel DDR radiography. However,
some vendors are marketing veterinary radiography systems based on the CCD chip. CCD
systems are included in the discussion of DDR because no equipment manipulation is needed
between radiographic exposure and image visualization,such as is required in processing a CR
cassette. CCD chips are relatively small compared with a flat-panel detector, being only a few
centimeters on each side, compared with up to 43 cm for flat-panel detectors. Although small,
there may be millions of pixel elements on the surface of a CCD chip. The CCD chip is
sensitive to visible light, not x-rays; this is the basis for their use in camcorders and digital
cameras. Thus, for radiography based on CCD technology, a light intermediary is necessary,
and this, as in indirect flatpanel detectors, is accomplished by integration of a relatively
standard x-ray intensifying screen between the patient and CCD chip. When the CCD chip is
exposed to light that has been focused from the intensifying screen, the pixels in the CCD chip
accumulate electronic charge, which is read out and converted to an electronic file. The
geometry of the CCD system deserves special consideration.Given the small size of the CCD
chip, the light output from the intensifying screen needs to be focused onto the chip, whereas
in an indirect flat-panel detector the intensifying screen is layered directly onto the detector.
Focusing of light from the intensifying screen onto the CCD chip is usually accomplished by
integration of fiberoptic light collection and a focusing lens between the intensifying screen
and CCD chip. Thus, the quality of the image depends more on the quality of the light collection
and focusing than on the quality of the CCD chip. Also, there is some loss of light and
potentially much light distortion between the intensifying screen and CCD chip, leading to
image degradation. CCD chips are becoming more and more elaborate. An important
component of this is pixel density. It is important to realize that the pixel density of a CCD
chip cannot be compared directly to the pixel density of a flat-panel DDR detector. This is
because it is not CCD chip pixel density but rather light capture, image minification, and
subsequent light loss and distortion that control the spatial resolution of a CCD system.
Multiple CCD chips and focusing devices are a way to increase the efficiency of light collection
and focusing, but as yet the technology is not clinically reliable. In general, CCD radiography

in humans has been reserved for situations where the part being imaged is relatively small (e.g.,
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dental radiography and mammography) and there is less need for light focusing. In veterinary
medicine, the parts being radiographed are larger and requirements for focusing more stringent;
this can lead to poorer images than obtained with flat-panel detectors, and image quality from
CCD systems is considered by many to be inferior to both flat-panel and CR systems. Also, the
distance required for collecting and focusing the light from the intensifying screen means that
the physical device is quite large compared with a flat-panel detector. Because a result, CCD
detectors are housed within the x-ray table. As this cannot be done easily in a retrofit manner,
purchaseof a new x-ray machine may be necessary if CCD technology is chosen. The size of
the device also limits portability,and there is a requirement for a constant vertical relationship
between the x-ray tube and CCD camera; both of these factors eliminate the possibility of using
CCD technology for portable imaging. CCD systems are typically less expensive than flat-

panel imaging systems or high-quality CR systems, but image quality is usually inferior.

Artifact \ Category \ Cause \ Remedy
Artifacts Causing Decreased Overall Image Quality
Scatter Pre- Exposure to scattered and | Erase imaging plates before
exposure background radiation use; protect plates from scatter
radiation
Dead pixels | Pre- Non-functional detector Identify, map, and eliminate
exposure elements dead pixels
Quantum Exposure Reduced number of Increase exposure parameters
mottle incident X-ray photons
Fading Post- Excessive delay between Read imaging plates promptly
exposure exposure and image after exposure
reading
Artifacts Producing White Dots or Lines
Cracks Pre- Physical damage to Handle imaging plates
exposure imaging plate carefully; replace damaged
plates
Upside- Exposure Incorrect cassette Ensure correct cassette
down orientation during positioning
cassette exposure
Debris Reading Dust or debris on imaging | Clean imaging plates regularly
plate blocking light and when required
emission
Artifacts Resulting in Double Images
Partial Pre- Failure of erasure light Replace erasure light bulbs as
erasure exposure needed
Phantom Pre- Long delay between plate | Erase imaging plates
image exposure erasure and exposure immediately before use
Memory Pre- Retained charge in detector | Ground conductive layers;
artifact exposure allow sufficient time between
exposures
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Double Exposure Multiple exposures on the | Read imaging plates after each
exposure same imaging plate due to | use; ensure reliable power
memory or transfer errors | supply and data transfer
Intensifying screen Selenium photoconductor

h

Silicone Silicone
N\ detector A detector
array with array
Readout electronics photodiodes Readout electronics
Indirect flat panel Direct flat panel

Computed Radiography (CR)

X-RAYS

bl

Storage
l Storage phosphor IP I phosphor IP
LASER
Read-out
A/D-Converter
Storage phospe Horage

rh—,

. Senneslum __ Fiberoptic
SiLeon photoconductor IPXT-array light collection
TFT-array DP ‘
- CCD chip

CCD System

Intensifying saeen
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