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Professional 
i s s u E s

Careful reading of diagnostic radiographs 
and other images to prevent misdiag-
nosis is the responsibility of all dental 

professionals.1 They must optimize their 
viewing conditions, regardless of whether they 
use film, the gold standard for image quality, 
particularly for spatial resolution,2 with a 
standard illuminated viewer under reduced 
ambient lighting, or a digital monitor. Making 
the transition to digital technology requires 
similar viewing conditions. To ensure that 
digital radiographs viewed on a monitor are 
of diagnostic quality, monitor specifications 
must be compatible with the optimal display 
of the image captured by the detector.3

According to McCarthy and Brennan,4 the 
viewing conditions for film established by the 
World Health Organization are a light-box 
luminance of 1500–3000 cd/m2 (cd/m2 is the 

measure of the luminous intensity of a point 
source also known as meter-lamberts, lumens 
or nits) and ambient lighting at 100 or less lux 
(lx, which is a measure of how many rays fall 
on a 1-m2 card).

In the first of 2 papers about technological 
developments in dental radiology, we discussed 
the legal impact of the basic developments in 
digital dental radiology.5 In this second paper, 
we discuss the legal impact of using digital 
monitors and cone-beam computed tomog-
raphy (CBCT) on dental practice.

�igital	Monitors
Monitors used by medical radiologists 

for making primary diagnoses from conven-
tional digital radiographic images are usu-
ally greyscale (monochromatic), have a high 
resolution and very high brightness, and 
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ABSTRACT

In this second of 2 papers about technological developments in dental radiology, we 
discuss the legal impact of using digital monitors and cone-beam computed tomography 
(CBCT) on dental practice. Although some technical developments such as charge-coupled 
devices and photostimulatable phosphors are commonly used in the dental profession, 
some, such as greyscale monitors, are better known in medicine as standards of care for 
primary diagnosis. This complex subject has been overviewed. The recent emergence of 
CBCT, which is changing current approaches to imaging for preimplant planning, has pro-
voked a number of legal dilemmas, such as an accompanying responsibility for reading 
and interpreting large fields of view that include extragnathic areas that are ordinarily 
outside the dentist’s purview.
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better signal detection and performance, compar-
able with those of film, resulted from digital images 
with enhanced contrast and brightness. The bright-
ness of even high-end commercial monitors reaches 
just above 200 cd/m2, in contrast to that of a similar-
sized medical greyscale monitor, which can reach up to  
900 cd/m2. Although the American College of Radiolo-
gists’ recommended luminance of 50 foot-lamberts con-
verts to 171.3 cd/m2,14 most digital medical images (not 
all of those for computed tomography [CT] or magnetic 
resonance imaging) are viewed on greyscale monitors  
that luminate to 500 cd/m2 or more, as is obvious from 
Wade and Brennan’s recent report.15 Recommendations 
for reduced ambient lighting in diagnostic reading  
stations for conventional analogue (and digital) radio-
graphs are 2–10 lx, in comparison with 200–250 lx in  
clinical viewing stations in hospitals.16

The evidence for the need for reduced ambient 
lighting for dentistry is provided by Haak and others.17 
They found that differences in monochromatic intensity 
were detected significantly earlier if the ambient lighting 
was reduced (70 lx versus the 1000 lx recommended 
for the dental operatory). Although both monitors used 
did not reach the National Electrical Manufacturers 
Association’s standards for DICOM, they found that the 
flat screen monitor performed better than the cathode ray 
tube (CRT) in the dental operatory, probably because the 
flat screen was brighter.

In addition to generating an audit trail that records 
the author (clinician), time and date of the image and the 
monitor workstation used to identify the original image 
(which must be preserved), the monitor workstation used 
for any subsequent modification of the image must also 
be identified if the workstation is part of a networked 
system.3

Comparison of Liquid Crystal Displays and Cathode 
Ray Tubes

Both liquid crystal displays (LCDs) and CRTs yield 
comparable images for the detection of simulated chest 
lesions. Oschatz and others18 compared greyscale models 
of each that complied with DICOM standards (Barten 
model) and were set at 300cd/m2. Hwang and others19 
reported that LCD and CRT detected small solitary pul-
monary nodules equally well.

Although comparable CRTs are cheaper, they take up 
more space because of their depth. Therefore, where space 
is a premium, LCDs are more practical. Unlike CRTs, 
LCD monitors do not flicker. Their response time is slow, 
a rate appropriate to the sensitivity of the human eye.20 

The Need for Self-Calibration
The luminance of a monitor decreases over time 

until luminance falls below a level that is adequate for 
diagnosis. Therefore, screen calibration must be part of 

are largely self-calibrating to digital imaging and com-
munications in medicine (DICOM) standards. These 
medical-grade, diagnostic or primary-read monitors 
are technologically complex. For example, the grey-
scale standard-display function is based on a phenom-
enon called human-contrast sensitivity, which takes 
the human eye’s nonlinear perception into account; the 
human eye easily sees relatively small changes in brighter 
areas than in darker areas. The greyscale standard- 
display function adjusts the brightness so that all areas 
have the same level of perceptibility.6

The standard of care for the use of diagnostic mon-
itors has long been set by medicine. Krupinski and others7 
found that searches done with the higher luminance 
of mammographic displays (which are closer in spatial 
resolution to those of dentistry) are more efficient. The 
total viewing and decision-dwell times were shorter with 
higher-luminance displays. Luminance, measured in  
cd/m2, is synonymous with brightness; illuminance,  
measured in lx, describes the amount of ambient 
lighting.8

Because each practising dentist is his or her own radi-
ologist, he or she should use the same luminance levels as 
medical radiologists. The monitors used by other medical 
doctors need not be of this quality because these mon-
itors are used for therapeutic purposes and need only be 
adequate for reminding them of the results of their radi-
ologists’ reports. Further, it is very unlikely that many 
monitors currently found in Canadian dental offices dis-
play a full panoramic image at the recommended 1-to-1 
pixel (detector image to displayed image) ratio. Therefore, 
information contained within the detector image may 
not be displayed on the monitor. Haak and others9 re-
ported that ratios of 1:1 and 2:1 were significantly better 
for detection of proximal caries than a ratio of 7:1. (If the 
monitor has the capacity to display only 1:1 in the normal 
mode, this ratio would be exceeded in the high-resolution 
mode.) In their comparison of a standard desktop with a 
dedicated medical monitor, Gutierrez and others10 found 
that the standard desktop display was clearly inadequate 
for diagnostic radiology.

Importance of the Monitor’s Brightness and Reduced 
Ambient Lighting

Since the monitor is the digital equivalent of the  
viewing box, the monitor’s brightness is a crucial factor 
in primary diagnosis and works with reduced ambient 
lighting.11 Together, these permit optimal visualization of 
low-contrast high spatial resolution lesions such as caries. 
The visualization of caries is markedly reduced when 
viewed on a monitor in bright ambient lighting. Research  
on digital chest radiography12 presents clear and un-
equivo-cal evidence that bright ambient light significantly  
decreases detection of small low-contrast resolu-
tion structures. Further, Nair and others13 reorted that 
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a quality assurance system to ensure that the unit is 
operating at an appropriate level of luminance. A recent 
Canadian report21 from Toronto found that image quality 
assurance, which was traditionally high for analogue sys-
tems, has been neglected during the transition from film 
(hard copy) to monitor (soft copy) display. This neglect 
could lead to misdiagnosis. The report’s authors found 
that 70% of monitors before calibration could not discern 
a difference between 0% and 5% luminance on an SMPTE 
(Society of Motion Picture and Television Engineers) 
pattern (Wade and Brennan reported that the spatial 
resolution patterns of the SMPTE pattern were inad-
equate15; they recommended the TG-18 pattern proposed 
by the American Association of Physicists in Medicine.American Association of Physicists in Medicine..8,16). 
Further, 4 of the 27 monitors tested were inadequate for 
diagnostic work, even after calibration, because their 
maximal luminance was grossly inadequate.

Although a self-calibrated monitor would ensure that 
the system functions within clinical diagnostic limits, 
other image-quality-degrading factors can affect the 
optimal quality of the image, such as an LCD’s dropped-
out pixels, phosphor burn-in from a static image (usually 
an institutional logo on the CRT’s desktop wallpaper) and 
dirty screens.

�B�T
Although CBCT has emerged only recently, it has 

completely transformed advanced imaging of the face and 

jaw. CBCT produces images with greater spatial resolu-
tion and a lower radiation dose than spiral CT; although 1 
CBCT unit may impart the same radiation dose as spiral 
CT. This new technology uses a cone-beam rather than 
the fan used in spiral CT (Fig. 1). In addition, the cuber-
illes of CBCT are formed directly from the primary data, 
each with its own attenuation coefficient (Fig. 2). In their 
recent introduction to CBCT, MacDonald-Jankowski and 
Orpe22discuss its attributes, potential uses and limita-
tions, and compare it with spiral CT.

Contrast Resolution
The main disadvantage of CBCT is that its dynamic 

range, although increased from 8-bit to 14-bit depth, 
is insufficient for displaying contrast within soft tissue; 
spiral CT, which does display such contrast, ranges from 
16-bit in the economy range to 24-bit at the top-end of 
the range. Generally, the narrow dynamic range of CBCT 
is not a problem because most patients are investigated 
for preimplant planning, which is primarily concerned 
with bone quality and quantity, well within the range of 
an 8-bit depth. For this purpose, the medium- or high-
resolution 0.2-mm voxel size generally available in North 
America is also adequate for this purpose.

Field of View
Most modern CBCT units offer a choice of fields of 

view (FOVs). A small FOV used with a high resolution  
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Figure	2:	Cone-beam computed tomography reconstructs the 3-
dimensional images by generating cuberilles directly, each with its 
own attenuation coefficient. This allows 3-dimensional reconstruc-
tions with better resolution in the Z plane and in the axial (XY) 
plane. Spiral computed tomography, except the most modern  
64-multislice units, can produce cuberilles only secondarily from 
voxels. (Reproduced with permission from MacDonald-Jankowski 
and Orpe.22)

Figure	1:	The fan beam on which spiral computed tomography (left) 
is based interrogates only a slice of tissue, whereas the cone-beam 
of cone-beam computed tomography (right) interrogates a 3-dimen-
sional region within a 360° rotation. (Reproduced with permission 
from MacDonald-Jankowski and Orpe.22)
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reduces the dose of radiation to the patient by reducing 
the area irradiated to that of primary clinical interest.

Generally, the dentist reviews areas of primary clin-
ical interest, but failure to consider the whole image has 
resulted in missed neoplasms and missed atherosclerosis 
manifested by calcified carotid arteries. Earlier diagnosis 
can reduce not only mortality, but also the health care 
burden. Since the cost of treating end-stage disease in the 
hospital is 5 times that for treating non-end-stage disease 
in the community, earlier diagnosis and care can repre-
sent substantial savings.22

In dentistry, imaging taken for other purposes with 
clear clinical indications such as panoramic radiographs24 
and CBCT25 can be reviewed to detect otherwise un-
detected disease. Failure to identify, report on and appro-
priately manage significant disease has resulted in legal 
action against at least 1 medical doctor in Canada. This 
clinician did not diagnose a lump in the neck that, when 
definitively diagnosed as a rare sarcoma, was a substan-
tial size.26

Although the advent of CBCT offers exquisite images 
of the cervical vertebrae and the base of the skull and 
orbit, dentists have virtually no training in the identifica-
tion and interpretation of these images. This is a crucial 
point because, by law, dentists are expected to report and 
take appropriate action on their findings.

The most effective way for dentists to minimize their 
liability is to use the smallest FOV possible. This in turn 
reduces the radiation dose to the patient and allows the 
dentist to use a higher spatial resolution, if necessary. 
Regardless of technology, the established standard of care 
is to use the FOV that adequately encompasses the area 
of interest. A recent case27 of a missed diagnosis (CanLII 
records only 6 cases for medicine in total) was the dental 
case Holsten v. Card. The plaintiff’s main claim was that 
the general practice dentist had based his presurgical 
examination of a lower third molar solely on a bitewing, 
subsequently causing damage to her inferior alveolar 
nerve. Although the trial judge dismissed the plaintiff’s 
claim, his Reasons for Judgment ran to an exceptionally  
51 pages long. In essence, the defendant succeeded be-
cause the third molar was fully, if just barely, displayed 
on the bitewing.

�onclusions
Although the introduction of digital technology in 

oral and maxillofacial radiology is relatively recent com-
pared to its longer history in medicine, its impact and de-
velopment in this area are both far-reaching and sudden. 
The attention of dentists has been focused largely on 
the increasingly diverse array of detectors, to the detri-
ment of the displayed diagnostic image. The widespread 
use of greyscale medical-grade monitors for radiological 
diagnosis in medicine reflects the demands of diagnostic 
radiologists for a high-standard reading environment 

comparable to that for reading films. Although little 
clinically based research yet supports the current high-
resolution, larger-bit-depth LCD technology in dentistry, 
influential professional bodies such as the American 
College of Radiologists and the American Association of 
Physicists in Medicine fully endorse this technology. It is 
particularly telling that mammography, the last hold-out 
in medical radiology against going digital, has now ac-
cepted that the technology has developed sufficiently to 
meet its demanding standards. It is precisely this quality 
of technology that we require for our diagnostically de-
manding high spatial resolution, low-contrast resolution 
environment in oral and maxillofacial radiology. a
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