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ABSTRACT
Objectives: To assess the appropriateness of viewbox and display monitor luminance and radiology reading
room illumination in selected Malaysian hospitals.
Materials and Methods: The luminance of viewboxes was measured in 4 hospitals, along with the display
monitors in 1 of the hospitals, using a luminance level meter. The luminance uniformity of the viewboxes was
also measured. Ambient room illumination of radiology reading rooms was measured using a photometer.
Results: Luminance was satisfactory in 7 of 10 mammography viewboxes (70%) and 64 of 177 (36%) conventional
viewboxes. The light uniformity of all the viewboxes was poor, with only 3 of 187 (1.6%) found to be satisfactory.
The luminance of the display monitors in the hospital surveyed showed that only 6 of 31 (20%) display monitors
were satisfactory. The ambient room illumination in the reading rooms was generally higher than optimal. Only
1 of the 3 mammography rooms (33.3%) was found to be satisfactory. In the general film reading rooms, 6 of the
20 (30%) surveyed were satisfactory.
Conclusion: The majority of radiological facilities surveyed did not meet American College of Radiology and
other international guidelines for radiographic viewing conditions. The survey highlights the need for improving
this aspect of radiology practice, and introducing viewing condition as part of the quality assurance programme
for diagnostic imaging is recommended.
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INTRODUCTION
The accuracy of diagnosis and ultimately the effective-
ness of a radiology service are influenced by the con-
ditions under which diagnostic images are viewed.
Relevant factors include the luminance of viewboxes
or display monitors, as well as the ambient room illumin-
ation or the amount of light falling on the viewbox
surface. Viewboxes are vital aspects of the image
viewing process, yet receive little attention in every-
day clinical practice. Despite the low cost involved,
institutions often spend large sums of money replacing
or acquiring imaging equipment, while neglecting the
importance of optimal viewing conditions. Thus, in
practice viewboxes often have suboptimal illumination.

Extensive psychophysical and clinical research has
established that lesion detectability degrades when
viewing conditions are not optimised.1-9 Five factors
contributing to poorer film reader performance have
been identified:10

1. Suboptimal illumination level.
2. Excessive pupil dilation.
3. Light scatter within the film.
4. Viewbox glare.
5. Improper ambient light level.

There appear to be no internationally agreed viewing
standards, with different guidelines established for
the USA, and Europe (Table 1).11-14 Only the American
College of Radiology (ACR) has formulated quality
control standards for mammography, to date.

British quality control guidelines for luminance
uniformity specify that the brightness levels in the
centre, and in each quadrant of the viewbox should be
within 10% of the mean value.
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Although there is a trend towards increased utilisation
of picture archiving and communication systems
(PACS), the vast majority of facilities worldwide,
still rely on viewboxes to display and read films. As
computed radiography (CR), PACS and teleradiology
gain popularity, the luminance of display monitors
will become another important quality issue. The aim
of the current study was to evaluate the luminance of
both general purpose viewboxes, mammographic
viewboxes, and display monitors in several hospitals
in Malaysia.

MATERIALS AND METOHDS
The luminance of viewboxes — both general purpose
and mammographic — in four Malaysian hospitals
were measured, using a luminance level meter (Mavo-
Monitor, Gossen Mitrawatt Camille Bauer, Nurem-
burg, Germany). One of the hospitals was affiliated
to a university, while the remaining 3 were public
hospitals.

The luminance uniformity of viewboxes was measured
following the procedure suggested by the Electronic
Industries Association Committee.15 The measure-
ment points on the viewboxes were as illustrated in
Figure 1. The ambient room illumination of the radio-
logy reporting rooms was measured using a photometer
(Photo-meter LX, Quantum Instruments, New York,
USA). The display monitors for a range of imaging
equipment including computed tomography, magnetic
resonance imaging, digital subtraction angiography,
and fluoroscopy consoles, were also evaluated for
luminance and uniformity at the university hospital.

RESULTS
In the audit of viewboxes used for conventional radio-
graphy, a total of 177 viewboxes were evaluated from
the 4 institutions. The luminance was satisfactory
in 64 of 177 (36%) viewboxes. For mammography
viewboxes, the luminance was satisfactory in 7 of 10
(70%) viewboxes. In one of the hospitals surveyed,
the luminance of display monitors was found to be
satisfactory in only 6 of the 31 (20%) display monitors
assessed.

The light uniformity of viewboxes evaluated was very
poor overall — only 3 of 187 (1.6%) were deemed satis-
factory. The ambient room illumination in reading
rooms was in general too high. Only 1 of 3 mammog-
raphy rooms (33.3%) had satisfactory ambient room
illumination. In the general film reading rooms,
6 of the total 20 (30%) were found to be satisfactory.

Table 1. Existing guidelines for viewbox luminance and ambient
illumination.

Conventional Viewbox Ambient
Radiography luminance illumination

(cd m-2 or nit) (lux)

American College of Radiology11 1500 -
European Commission12 2000 - 4000 Low level
British Institute of Radiology13 1500 - 3000 50 - 100

Mammography

American College of Radiology14 Minimum 3500 50 or less

Figure 1. Schematic diagram of the viewbox surface or display monitor screen. Luminance measurements were taken using a photometer
at points LM, L1, L2, L3, and L4.
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The results of viewbox luminance and ambient read-
ing room illumination are summarised in Table 2. None
of the hospitals surveyed had implemented a quality
control programme for viewboxes and monitors. A
previous informal survey of the luminance of ultrasound
monitors carried out by the authors, suggests that the
luminance of ultrasound monitors decreases with age.

DISCUSSION
A well-designed imaging system should identify
particular features of the body region imaged, presenting
these in a form well-matched to the perceptual faculties
of the viewer.9 Though visualisation of this information
is dependent on the quality of the film, some information
may be lost if viewing conditions are not ideal.13 The
minimal perceptible diameter and contrast are optimal
only at luminance levels with light intensities of about
100 cd m-2 for film and 1000 cd m-2 on the illuminator
without film.16

The current study has shown that the majority of
radiological facilities surveyed in Malaysia did not
meet ACR and other international recommendations
for radiographic viewing conditions. The survey high-
lights the need for improving conditions in viewing
radiological images. In Malaysia, there are currently no
specified standards applying to the luminance levels
of viewboxes, as well as little recognition of the need
for a regular quality assurance programme. It is cur-
rently recommended that testing be performed at six-
monthly intervals and after any light bulb change,14

however, the implementation of these recommendations
is not monitored.

There has been little work done in this area world-
wide to date, with few reports currently available on

radiographic viewing conditions.13 It is possible that
further investigations could replicate the current study’s
findings, particularly if conducted in developing
countries. Studies show that high luminance view-
boxes, with proper masking of each film and low
ambient light condition, are essential for good mam-
mography.11,13,14,16,17 Proper masking and viewing
conditions reduce the amount of direct, and indirect
dazzle respectively.18 Direct dazzle may be due to the
presence of unused lit viewboxes, light leakage from
the lit panel to neighbouring panels, viewing a film too
small for the viewbox, or the presence of unexposed
film between images on a multiformat film. On digital
fluoroscopy or angiographic systems, images are dis-
played as black and white, which can also contribute
to direct dazzle. Inverting black on white images to a
white on black display is a useful practice to reduce the
amount of direct dazzle encountered.

The ACR manual highlights the fact that fluorescent
tubes decrease in brightness with time, although not
rapidly (approximately 10% in 2000 hours).14 The  ACR
advises replacing fluorescent tubes every 18 to 24
months, with all tubes replaced simultaneously. In
addition, all replacement tubes should be of the same
type and colour. It is likely that many institutions re-
place fluorescent tubes only when they begin to flicker,
by which time the quality of image viewing may have
been compromised. Since viewboxes are usually a
long-term investment (most lasting 10 to 20 years),
standards to aid optimum viewbox selection would
seem appropriate.

CONCLUSIONS
The results of this study highlight the need for the
radiology community worldwide to consider implement-
ing quality control standards for radiographic viewing
conditions. All viewboxes and display monitors should
be checked periodically to ensure that they are in optimal
condition for the viewing of radiographic images.
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