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ABSTRACT

Digitalization in
radiology

Digital imaging has revolutionized radiology
during the past 20 years. All digital imaging is
still based on analogue signals from imaging
detectors which are converted into digital bi-
nary format which can be processed by com-
puters. Digital images are formed of individual
pixels, each containing contrast value (grey
scale). Picture archiving and communication
systems (PACS) provide tools for storing and
transporting the digital images. The DICOM
provide the universal format for the medical im-
age data. Also other formats, e.g. bitmap (bmp)
and Joint Photographic Expert Group (jpeg) are
used for dental images. Digital imaging can be
described in three steps: 1) image acquisition
uses physical processes to get the analogue
signal which is converted into digital raw data,
2) post-processing enables modification of the
raw data to emphasize the diagnostic target
features, 3) image review brings the processed
images to the medical display. Quality assur-
ance must cover the whole imaging chain. Due
to the complex bony anatomy of the maxillofa-
cial region, the 3D cone-beam computed to-
mography has become more popular in dental
use. In the future, multimodal and 3D/4D imag-
ing methods produce increasing data loads in
radiology. Information concerning efficacy and
effectiveness will be the fundamental motiva-
tor of the future radiological applications and
[T solutions.
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igital imaging has revolutionized radiology during
the past 20 years. Advances in information technol-
ogy have further expanded the scope of digital im-
aging modalities that have large impact also on the
dentistry practice (1, 2). All digital imaging is still based on ana-
logue signals from imaging detectors which are converted into
digital binary format which can be processed by computers (3).

Digital images are formed of individual pixels. Each pixel in
the image contain certain contrast value which tells how dark
or bright (grey scale) the pixel will look in the image (Fig. 1).
Pixels are located in a matrix representation of the image. The
number of rows and columns determine the size of the image.
The bit depth tells the dynamic range of the pixel — i.e. how
many contrast values can be assigned to an individual pixel.
Typically the bit depth can be in the order of 8-12 bits which
means a grey scale range of 256 to 4096 values (as e.g. 8 bits
provide 28 = 256 possible values). The image should typically
be reviewed in 1:1 (100%) size which means that individual
pixels will not be shown separately to the reviewer. The image
contrast and brightness settings provide a possibility to accen-
tuate a certain diagnostically relevant sub-sector of grey scales,
depending of the examination (Fig. 2). In radiology, this is re-
ferred to as windowing. However, this option is limited in den-
tal practice.

In terms of practicality, digital imaging has given unparalleled
possibilities for image communication and access. In addition to
image archiving and communication aspects, image post-pro-
cessing enables enhancement of diagnostically important fea-
tures from the wide dynamic range of pixel values in the digital
data, well beyond the dynamic range of human visual system.

PACS and image format
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tal imaging was fully utilized in radiology, there must also be
an efficient and universal method of storing and transporting
the digital information. However, before that could be real-
ized, manufacturers had to come to a consensus on the com-
mon interface between the imaging equipment and the PACS
networks. In the mid 80’s, the American College of Radiol-
ogy (ACR) and National Electrical Manufacturers Association
(NEMA) developed a standard known as Digital Imaging and
Communication in Medicine (DICOM). The DICOM provided
the universal format for the medical image data and in combi-
nation with the Ethernet TCP/IP protocol, the image data could
be managed from the imaging equipment to the PACS and the
image display (3,4,5). The DICOM image contains the image
data but also metadata describing identification and modality
settings, etc. The contrast information in the DICOM image
data has 16 bits as the dynamic range (16 bits can provide 216
= 65 536 grey scales). This contrast scale can be mapped for
modality and clinical target based look-up tables which mean
that the final image appearance at the image display can be au-
tomatically adjusted for optimal diagnostic review. The DICOM
standard has been adopted by the majority of medical products
also outside the radiology.

Digital images can be saved in various formats depending
on the dental x-ray equipment vendor. Bitmap image (bmp) is
a traditional example of non-compressed lossless format where
the image data contains the original and complete pixel infor-
mation. This also means that the file size in bitmap images is
typically large, depending of the dental image resolution (pixel
matrix size of the image). Compressed image formats reduce
file size, utilizing either lossless compression - where original
image data can be restored completely — or lossy compression,
where the reduction in file size can be higher but the original
pixel values cannot be fully recovered. Jpeg is the most fre-
quently used format for compressed images. As the compres-
sion level in jpeg images is raised, the file size decreases but the
data also becomes more “lossy” which means that the original
pixel values cannot be fully recovered. Thus, the compression
level should be selected appropriately for medical images. In
radiological environment, the DICOM is — and should be - the
predominant format for medical images (3).

The file size also affects to the image transmission time from
a location to another. With a modern broadband network con-
nection and for a single dental image, the transmission time
is short (a few seconds) and it should not have any effect on
clinical workflow. However, for multiple images or 3D datasets
that may easily contain 100 MB of data, the transmission time
can increase substantially and this should be taken into account
when accessing data in remote locations.

Digital imaging process and quality assurance

Digital imaging can be described in three steps. In the first
phase — image acquisition — the physical processes (e.g. x-ray
attenuated through the patient) are utilized to get the analogue
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Image pixel values

Fig. 1. An example of digital image data (bitewing). The image
contains rows and columns of individual pixels, each having
their own grey scale pixel value. The original image (A), zoomed
portions of the image (B-D) where pixel values corresponding
to grey scale values have been marked (D). In x-ray images, the
grey scale value of the pixel depends on the amount of radia-
tion incident to the detector at the pixel location.

Image post-processing

[\

Fig. 2. An example of the image post-processing to bitewing
picture (A) including contrast (B) and brightness (C) adjust-
ments in addition to edge-enhancement (D).

signal which is converted into digital raw data. In the second
phase — post-processing — the raw data is modified through ex-
amination based algorithms in order to emphasize the diagnos-
tic target features of the image data. In the last part — image
review — the processed image data is brought to the medical
display for radiologist or clinician interpretation (3).

An important aspect for the overall quality and radiological

process flow is that all these three steps can be performed and @

1129



BN VIDENSKAB & KLINIK | Oversigtsartikel

3D-visualization

Fig. 3. Cone-beam computed tomography (CBCT) image of
the unerupted canine (D.13) including coronal (A), sagittal (B),
axial (C) and 3D volume rendered view (D). CBCT imaging of-
fers three-dimensional image data of the anatomy. Visualized
image cross-sections can be oriented to conform any desired
slice of the anatomy. The versatility of computed tomography
is highly valuable for accurate imaging of maxillofacial structu-
res which include complex 3D bone structures.

optimized independently of each other. Thus, imaging devices
and imaging parameters are updated as the technology allows
more efficient detectors for raw data acquisition. Updating im-
age processing software and different post-processing settings
can highlight different anatomical targets from the same raw
data. For example, different image reconstruction algorithms
or grey scale window of the CT data can show either soft tissue
contrast scale or high detail bone structures, depending of the
clinical interest.

Despite the independent parts in the digital imaging chain,
the chain itself should be optimized as a holistic view. This also
holds for quality assurance. The quality assurance protocol in
digital radiology must be designed to include all phases from
image data acquisition and scan parameter consistency to the
image review. The quality chain is as strong as its weakest link
— thus, even where the preceding image acquisition and pro-
cessing parts were well managed, if the image displays are not
performing properly or the images are reviewed in sub-optimal
ambient lighting, the diagnostic accuracy could be compro-
mised (6,7). Ambient lighting should be in the range of 15-20
lux for radiological image review, which is well below typical
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dental office lighting level (about 800-1000 lux). However, re-
duced lighting level cannot be performed during clinical work
— thus, acquired images should be reviewed a second time after
the day in optimal ambient lighting conditions (8).

Evolution of dental imaging from 2D to 3D

Traditional image data in dental radiology has been mainly
projected x-ray images, either intraoral, cephalometric or pan-
oramic surveys (2). The digital image detectors include either
storage phosphor based computed radiography systems (CR)
or direct radiography (DR) systems with flat panel detectors.
The flat panel detectors are steadily surpassing CR technology
due to improved overall efficiency and image quality. Still, the
projection images of the maxillofacial areas include overlap-
ping anatomy and geometrical variations which in many cases
render them suboptimal for accurate linear measurements and
superimposing bone structure evaluations.

The complex bony anatomy of the maxillofacial region has
motivated more comprehensive and geometrically robust imag-
ing methods which call for three-dimensional (3D) tomograph-
ic image data. With 3D data given by scanners such as multi-
slice CT (MSCT) or dedicated dental cone-beam CTs (CBCT),
versatile sectional views can be provided for dentists and dental
radiologists (Fig. 3) (9,10). CT scan involves x-ray tube and de-
tector rotation around the patient, to acquire sufficient projec-
tion samples from different directions. Those projections are
then used as the raw data for tomographic image section recon-
struction performed by the scanner computer (3). As the result,
volumetric 3D image data is produced with much more exten-
sive diagnostic value than mere projection image. However, as
the computed tomography requires higher radiation exposure
to the patient compared with panoramic or intraoral imaging,
the indications for dental 3D CT imaging are confined mainly to
pre-operative planning and post-operative evaluations. Dental
CBCT scanners offer light-weight and more economical solu-
tion compared to MSCT - and typically also with higher spatial
resolution and lower radiation exposure (11) —which has made
them an attractive choice for dental “in-office” practices with
limited space. If soft tissue characterisation is sought, magnetic
resonance imaging (MRI) will provide superior contrast com-
pared to x-ray methods (CBCT) and without exposure to ion-
izing radiation. However, MRI is more expensive radiological
examination and hardly accessible for general dental practice.

Digital dental photography is also part of the patient im-
aging where digital photos are used in the documentation of
examination, treatment planning, monitoring and also the in
evaluation of treatment outcome (12, 13). The digital photos
are usually archived in the same database with the radiological
images and reviewed with similar software. In contrast to radi-
ography, there are no harmful biological effects in photography,
which is an important aspect when children are concerned. The
benefits of photos are widely recognized, for example in ortho-
dontics, where they are used in analysing facial profiles. Den-
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tal photographs are also beneficial in monitoring soft tissue or
mucous membrane lesions. Communication with patients and
dental technicians is improved when dental photos are avail-
able. Patients seldom have sufficient knowledge of dental and
periodontal diseases and photos can be used in patient educa-
tion and motivation since pictorial presentation is often an ef-
fective method compared to verbal explanation. Dental techni-
cians are more likely to meet patients’ and dentists’ aesthetic
demands in prosthetic restorations when photos are available.
However, this may be challenging from the data privacy aspect
if the technician works in another organization.

The future of radiological IT systems

Currently, PACS solutions have grown from early applications
of data storage and transmission to modern radiological pro-
cess control systems, with speech recognition based reporting
(14,15) and integration to the radiological information systems
(RIS). The connection between the PACS and the RIS is essen-
tial since both systems direct the diagnostic process flow where
bottlenecks can cause delays in a busy practice. The RIS and
hospital information systems (HIS) manage the patient accept-
ance, personal details, order requests (examination and refer-
ral information), scheduling, billing and insurance details, in
connection with the hospital administrational information
flow. Fluent mutual integration of these information systems
should offer more reliable and efficient process flow, and pre-
vent data inconsistencies between systems.

Regarding radiological image review, more and more image
interpretation and visualization techniques previously includ-
ed in the modality based diagnostic workstations are currently
handled with PACS workstations. These extended PACS fea-
tures open better image post-processing and visualization tools
for larger number of PACS users, extending from radiologist re-
view to clinician web-based image review. The radiologists are
used to looking at tomographic modality data as multi-planar
reformat slices (MPR). However, for the clinician or dentist, ad-
ditional 3D visualizations, such as volume rendering, may of-
fer more natural and comprehensive approach into volumetric
image data. Modern PACS networks can be adapted for more
extensive regional use, where dental practices outside the radi-
ology departments are a good example.

A dental practice may be connect to a larger regional PACS
and RIS systems in order to benefit from the existing radiological
IT infrastructure, or it may have systems of its own. Smaller scale
image archives with single local workstation and web-based
“thin” client access to the image data can be obtained directly
from equipment vendors as a reasonably sized investment. How-
ever, irrespective of the organisational scale, the maintenance of
the PACS and RIS systems should be appropriately performed
for information safety and data security, e.g. back-ups, updates,
access issues and support. Single dentist practices rarely have
professional IT experts of their own. Thus, IT infrastructure and
support may be most efficiently acquired as external service.
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CLINICAL RELEVANCE

Digital imaging and related
IT systems provide substan-
tial improvement to dental
radiology in the form of data
storage, transmission, image
post-processing, analysis
and review. It is essential to
acknowledge the meaning
of different data formats, de-
finition of digital image and
possibilities of 3D imaging
methods in maxillofacial re-

whole imaging chain must be
managed to assure reliable
diagnostic results. In the fu-
ture, radiological 3D and mul-
timodal equipment will pro-
vide increasing amounts of
diagnostic data. At the same
time, medical IT systems will
converge to create a more
integrated environment, hop-
efully increasing the efficacy
of the diagnostic functions.

gion. Quality assurance of the

In Finland, the National Archive of Health Information (pro-
ject called KanTa) will provide data system services for health-
care providers, pharmacies and all citizens. The services are
deployed in phases throughout Finland. In the final phase, the
KanTa system includes electronic prescription (currently imple-
mented), pharmaceutical database, health information for citi-
zens, and patient records archive. The patient record archive
will allow data sharing between different users and organiza-
tions taking care of strict regulations.

In the future, the coherence of medical IT systems will pro-
ceed with a more structured and quantitative approach to the
“Big Data” that is accumulating in wider scale through basic
and specialized healthcare continuum. At the same, time, radi-
ology organizations have to cope with increasing data loads, as
diagnostics functions are utilizing increasingly multimodal and
3D/4D imaging methods. This data will need more sophisticat-
ed review and analyse tools, extending to automatic computer
aided diagnostics (CAD) which will help radiologists to screen
relevant findings from the vast amount of diagnostic data. How-
ever, the true value of the diagnostic data is measured by the effi-
cacy — how well the radiological examination served the primary
indication and clinical question, and how the radiological report
contributed in choosing the right treatment to the patient. This
will be even more essential issue in future, considering the cur-
rent efforts to improve the cost-effectiveness, and the pressure
for cost cuts throughout the healthcare sector. The increasing
need for reliable and more extensive information concerning ef-
ficacy and effectiveness will be the fundamental motivators of
the future radiological applications and IT solutions.
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