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technology is that CMOS sensors require 
more radiation than CCD because they are 
less sensitive; 25% more exposure is needed 
with CMOS. A related benefit, however, is 
that the electronic interface components 
can be built into the CMOS chip directly, 
which allows the sensor to plug directly into 
a USB (universal serial bus) port. Note that 
the size of the intraoral sensor limits the 
amount of built-in electronics. Most manu-
facturers place a small electronics control 
box along the USB cable to perform image 
processing and speed up the image transfer. 
Furthermore, CMOS technology has per-
mitted the development of wireless sensors; 
however, this involves the additional cost 
of disposable batteries. Solid-state sen-
sors typically range in cost from $5,000 to 
$12,000 each, with wireless sensors at the 
high end. Solid-state x-ray sensors produce 
an almost immediate radiographic image. 

An alternative to solid-state technology is 
the photostimulable phosphor plate (PSP). 
The advantage of this technology is that the 
sizes of the phosphor plates and the tech-
nique for acquiring images are almost iden-
tical to those of traditional film radiographs 
(intraoral and extraoral). Disadvantages 
include the degradation of the phosphor 
plates from ongoing physical handling, 
which can lead to scratching and bending; 
the time needed to prepare and package the 
plates; and the time needed for laser scan-
ning to process the latent image. Producing 
an image with PSP is not immediate. The 
cost of PSP plates varies depending on the 
size of the plate. 

Applications and Benefits
Radiology has been a cornerstone in dentist-
ry since shortly after its discovery by physi-
cist Wilhelm Roentgen in 1895. Despite po-
tentially high capital costs, converting from 
analog dental film and investing in digital 

W hen incorporating digital 
radiology into a dental prac-
tice, a basic understanding of 

computer integration in dentistry is need-
ed. In the dental industry, the integration 
of computers has had numerous challeng-
es,1,2 yet the rewards appear to be worth the 
struggle.3 The question that continues to 
surface is: Why has the integration of digital 
radiology been so difficult for many dentists 
to accept? 

It may be that a certain level of infrastruc-
ture needs to be in place for this technol-
ogy to deliver synergistic value. For the past 
several decades the dental industry has seen 
the introduction of numerous applications 
for dentistry that have built on the basic 
computer infrastructure that was initiated 
with practice management software, which 
has led to the gradual introduction of com-
puters into the clinical setting.4 The driving 
force for bringing computers into the op-
eratory has been digital imaging, primarily 
intraoral digital radiology.5

More than 20 years have passed since 
the first intraoral digital sensor was intro-
duced by French dentist Francis Mouyen 
at the 1st European Congress of Dental and 
Maxillofacial Radiology in Geneva,6,7 and 
still there is less than 50% market pen-
etration of this technology in the United 
States.8,9 National market penetration has 
been difficult to quantify, as noted by the 
Academy of General Dentistry (AGD) in 
its April 2010 quarterly newsletter AGD 
Transcript, which said that the use of digital 
radiographs varied from state to state and 
ranged from less than 25% in some states 
to more than 75% in others.

For years there has been debate concern-
ing the quality of digital versus film-based 
intraoral x-rays. The comparisons are gross-
ly inadequate because it is like comparing 
a kiwi to a watermelon—they are both fruit 

and are both green in color but are not the 
same. Digital radiographic images are best 
read and viewed on a medical-grade moni-
tor; using a printed image or an inadequate 
computer/monitor system will render less-
than-optimal diagnostic quality. In numer-
ous controlled studies on x-ray imaging, the 
quality of digital systems generally has been 
found to be equivalent to film in terms of 
diagnostic yield.10-15 However, digital radiog-
raphy is eminently superior with regard to 
recordkeeping, backup, transmission of im-
ages, and integration with practice manage-
ment systems. Digital imaging is a dynamic 
medium compared to the static film image. 

Sensor Hardware
There are two types of solid-state sensors: 

› CCD (charge-coupled device)—a device 
for the movement of electrical charge, usu-
ally from within the device to an area where 
the charge can be manipulated; for example, 
conversion into a digital value.
› CMOS (complementary metal–oxide–
semiconductor)—a technology for con-
structing integrated circuits. 

The scientific literature finds little dif-
ference in terms of physical image prop-
erties between the CCD and CMOS chips 
for solid-state imaging.16 Most new digital 
radiographic sensors use CMOS chips 
versus CCD chips. This is an advantage 
for manufacturers because they are less 
expensive, require less energy, and offer a 
broader dynamic range. This means CMOS 
technology is more tolerant to overexpo-
sure; increasing x-ray exposure improves 
signal-to-noise ratio, thus reducing noise 
perception. CCD technology has a narrow 
dynamic range that will saturate with in-
creased radiation; therefore, blooming oc-
curs (ie, black image). A downside to CMOS 
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radiographic equipment should be an easy 
decision for dental practitioners. The ap-
plications are virtually the same as with 
analog film, though there is a slight learn-
ing curve for acquiring images with digital 
sensors. Digital radiology typically pays for 
itself over time, enabling significant savings 
in staff time from processing, mounting, 
filing, retrieving, copying, and sending im-
ages. The additional real dollar savings in 
chemicals, film, and processor repair costs 
will in time pay for the sensor and computer 
hardware. 

While digital x-ray sensors have long 
equaled analog film for diagnostic tasks, 
they have several advantages over film ra-
diography, as outlined in Table 1. It is also 
worth noting that with the recent push from 
the federal government for digital medical 
records, digitizing patient radiographs may 
soon not be optional.

Integration into the Practice
The level of integration in a dental practice 
will depend on the desire and capability of 
each practitioner. There are essentially four 
categories into which practitioners fall with 
regards to digital x-ray imaging integration: 

› Analog only—Staying with an existing 
dental film system requires no immedi-
ate outlay of capital, but, of course, it will 
yield none of the benefits of digital tech-
nology. The eventual result will likely be 
obsolescence. 
› Hybrid—While using both film and a 
digital system requires less of an immedi-
ate financial investment, it also offers de-
creased access to all the benefits of digital 
technology and involves the continued costs 
of maintaining an analog system.
› Completely filmless (not a seamless in-
tegration with a digital practice manage-
ment system)—This requires a separate 
image management software application 
to acquire, file, and store patient images. 
Depending on the level of integration with 
the practice management system, it will 

affect the ability to manage the radiographic 
component of the practice and the benefits 
of digital radiology applications. 
› Completely digital—This is a fully inte-
grated digital practice management system 
within the same software. It usually results 
in improved efficiency and management of 
all clinical, administrative, and communica-
tion practice applications. The limitations 
are usually related to the proprietary re-
strictions on sensor compatibility.

Regardless of how dentists decide to ap-
proach technology integration, they need a 
plan.17,18 For an existing practice, a gradual 
approach is acceptable. For example, the 
dentist can begin with one sensor attached 
to a solitary personal computer, which can 
be used for operative procedures. This ap-
proach permits a relatively inexpensive trial 
of the technology and minimizes the learn-
ing curve while stimulating the attention 
of the dental team. For a new facility or an 
office that is undergoing a complete renova-
tion, total networking makes the most sense. 
For a newly opened general practice, the cli-
nician might consider replacing a traditional 
film full-mouth series as well as bitewings 
and selected periapical radiographs with 
digital panoramic images. 

As with any new technology, developing 
competency in digital imaging involves a 
learning period for the practitioner trained 

in film radiography. However, students who 
have been trained in both analog film and 
digital x-ray systems often find the latter to 
be easier to learn. 

Considerations Prior  
to Purchase
Because digital radiography is an expensive 
investment clinicians should “test drive” 
several systems to determine which sen-
sor and software fulfill the needs and style 
of their practice. The appropriate place to 
evaluate such systems is the dentist’s own 
office, where he or she can compare prod-
ucts in a standardized manner with images 
that are not preselected. This usually is pos-
sible while the vendor’s representative is 
present. In addition, it is important to work 
in one’s own office environment to deter-
mine whether the existing x-ray generators 
are acceptable or should be replaced. Only 
in the dentist’s own office environment can 
he or she examine the ergonomics of using 
the system and plan integration. 

To determine the total costs of going dig-
ital, dentists should consider not just the 
capital costs of hardware and software but 
also the continuing costs of disposable items 
(eg, plastic wraps for sensors) along with the 
costs of secure data backup, maintenance, 
and initial and ongoing training. On the 
other hand, dentists should also understand 
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Table 1  // Advantages of Digital Radiograph 
Sensors Over Film Radiography
Immediate image production with CCD or CMOS solid-state devices

Interactive display with the ability to enhance image features and  
make direct measurements

Integrated storage, providing access to images through practice  
management software systems

Security of available backup and off-site archiving

Exact image duplicates for referral or third-party communications

Security mechanisms to identify original image

Ability to tag information such as a patient identifier, date of exposure, and 
other relevant details

Interoperability of the digital imaging and communications in medicine 
(DICOM) file format, enabling practitioners with different equipment and 
software to view and enhance the same images



98 Volume 32, Special Issue 4compendium     November/December 2011    

+   Digital Radiography

the costs that would apply if they decided 
not to go digital, including film, processing 
solutions, processor maintenance, dark-
room space, film mounts, and storage of 
film radiographs. 

Conclusion
Intraoral digital radiology is a mainstay of 
clinical dentistry. With the advancements 
in extraoral 2-dimensional (2-D) and 3-di-
mensional (3-D) digital radiographic imag-
ing, some dentists feel that intraoral sensors 
may become obsolete. Technology is con-
tinuing its rapid growth, and when the reso-
lution of extraoral and 3-D imaging units 
can meet or exceed that of intraoral sensors, 
use of intraoral sensors may decline, but, 
nonetheless, the issue of radiation exposure 
must also be considered. 

For years techniques have been available 
that reduce radiation exposure to patients; 
the use of rectangular collimation has ex-
isted for many decades. But in spite of its 
being taught in most dental schools, it has 
never found significant acceptance. Digital 
radiology by itself reduces the amount of 
radiation exposure, but combined with 
rectangular collimation the reduction 
is even greater. A new technology, Tru-
Align® (Interactive Diagnostic Imaging, 
LLC, www.idixray.com) has simplified the 
process, resulting in clear, crisper images 
with improved image resolution.

Diagnostic imaging is not limited to ra-
diographic applications; research in other 
modalities is ongoing. The future may be a 
blending of ultrasound, visible light, lasers, 
and radiographic applications for the diag-
nosis of dental lesions, but for now intraoral 
direct digital radiology provides the safest 
and most cost-efficient solution for the 
needs of most general practitioners.
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