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Abstract—When correctly calibrated, gray value levels of
medical images reflect physical properties. In dental X-ray
imaging radioopacity of the scanned material is measured
through the attenuation of the beam. The measurements are
performed with an increasing resolution and bit depth. The hu-
man eye though has limited perception capabilities. Therefore,
it is not possible for a human being to explore all information
represented in the images. Transforming gray value levels as
stipulated in the DICOM standard is designed to optimize the
representation for human sight. The gray values are altered to
transform gray value differences into Just Noticeable Differ-
ences (JND) when represented on high quality calibrated med-
ical displays. In this study we explored the eye sight of dental
practitioners. A variety of sight patterns detecting gray value
differences was observed. Although extremely useful, a transfor-
mation such as DICOM cannot optimize the representation for
all practitioners, it may even worsen the representation. Trans-
formation of gray value levels should be made dependent on the
eyesight of the practitioner.
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JND

I. I NTRODUCTION

There is a growing discrepancy between the information
contained in digital images and the information the user can
perceive when this image is displayed on a monitor. This
raises questions such as how much gray-shades should be
used in medical monitors. [1] Another aspect is how a digital
image can be represented to guarantee an optimal interpreta-
tion by the user. [2] Based on the idea that what a user cannot
see he cannot interpret, the images are transformed according
to the DICOM standard based on the notion of Just Notice-
able Differences (JND). [3] [4] [5] The prerequisite for such
a transformation to be optimal in all cases requires that allhu-
mans more or less poses the same viewing capabilities. This
is certainly not true, illness such as diabetes affect eye sight
and even for a healthy person eye sight evolves with age and
is influenced by fatigue. [6] [7] [8]

To our knowledge no studies have been conducted to eval-
uate gray value sensibility of dental practitioners in a stan-
dardized manner. The aim of the study is to explore the pat-
terns and variability of sight of dental practitioners. Sev-
eral studies attempt to evaluate gray value perception e.g.
Okkalides [9], Haak et al. [10], and Qin et al. [11]. We
adapted the experiments of Okkalides to incorporate more
than one gray level value difference in order to estimate the
JND. [9]

II. M ATERIAL AND METHODS

A total of 42 dentists, ages ranging from 20 to 70 years par-
ticipated in the study. They were shown a picture of an outer
square and a smaller square of different gray value. Every
2.5s the smaller square was randomly repositioned in a reg-
ular three by three grid with a random increase in gray value
from the outer square of between 1 and 50 gray value levels.
As soon as the observers could see the difference, they were
asked to point at the smaller square – see Fig. 1. The gray
values were shown with a 12 bit depth. The outer square mea-
sured 7.5cmby 7.5cm the smaller square 1.5cmby 1.5cm.

JND and success rate were calculated using logistic regres-
sion for the gray value difference for background gray value
window of 400 width. The resulting JND levels were mod-
eled trough logistic regression. Maximum likelihood estima-
tion was used. An additional six dental practitioner performed
the test twice to estimate test-retest reliability.

The custom made representation software was developed
and statistical analysis was performed using MatLab R2015b
version (8.6.0.267246) (The MathWorks, Inc., Natick, Mas-
sachusetts). All experiments were performed on a commer-
cial of the shelf laptop Dell Latitude E5540 on a 64- bit Op-
erating System in a dark room without windows and without
ambient light source to standardize viewing conditions.

III. R ESULTS

The correlation between test and retest failure rates ranged
between 0.64 and 0.99 with an average of 0.90 and a standard



Fig. 1: Picture of an outer 7.5cmby 7.5cmsquare in which every 2.5sa
1.5cmby 1.5cmsmaller square of different gray value popped up randomly
located on a regular three by three grid up with a random increase in gray
value from the outer square of between 1 and 50 gray value levels. A red

arrow indicates a popping up square on the second row and third column of
the grid.

error of 0.05. The moderate value of 0.64 is an exception the
running up value being 0.90.

A linear regression model was fitted to the estimated JND.
It shows an an extremely high explained variability ofR2

=

93.3%. In general an increase in background light intensity
will induce an increase in JND. The variability expressed as
standard deviation of the estimated JND ranges from 5.75 up
to 16.8 – see Fig. 2. This increase in JND cannot be gener-
alized, different profiles exist. Figure 3 presents three cases;
a first case (a) shows a fairly monotonous decrease in JND
with increase in background light intensity, the second case
(b) overall low JND values can be observed with an elevation
in the middle light intensity area, the last case (c) starts with
an initial decrease in JND followed by a steady increase.

The percentage correctly indicated squares as a function of
the gray value of the background decreases with increasing
background gray value from about 80% to a value of about
40%. On the other hand, the standard deviation increases with
the gray value of the background from 0.18 up to 0.28 – see
Table 1.

IV. D ISCUSSION

In this study we showed that there were considerable inter-
individual differences in gray value perception. Furthermore
in our opinion the method described here has undeniable ad-
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Fig. 2: Just noticeable difference as a function of the background gray
value. The error bars indicate the standard error.

Table 1: Fraction of correctly indicated squares

% n SD SE

1 - 400 0.73 42 0.18 0.03

401 - 800 0.84 43 0.19 0.03

801 - 1200 0.77 43 0.18 0.03

1201 - 1600 0.74 43 0.18 0.03

1601 - 2000 0.59 43 0.17 0.03

2001 - 2400 0.59 43 0.17 0.03

2401 - 2800 0.43 43 0.18 0.03

2801 - 3200 0.44 43 0.21 0.03

3201 - 3600 0.39 36 0.26 0.04

3601 - 4000 0.39 38 0.28 0.04

vantages over pre-existing technical approaches. In the exper-
iment of Okkalides one of the squares of a four by four grid
of squares was randomly selected and increased by one gray-
value level with respect to the 15 remaining squares. The ob-
server had to detect and click the altered square. In contrast
to other studies the approach of Okkalides explore all avail-
able gray value background levels and for all 16 positions,
which lead to fatigue of the observer. Haak used an adap-
tion of the test pattern of the Society of Motion Pictures and
Television Engineers (SMPTE) as a basis. This background is
not neutral and might cause bias. Other studies use a limited
number of test images to determine the JND e.g. Bender et
al. used seven medical images and presented them to twenty
radiologists for evaluation. [12] The aim of the study was not
the individual radiologists viewing capacity, but to evaluate
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Fig. 3: Three examples of different gray value distinction patterns. Green
stars indicate a noticed difference, red stars indicate failure to detect. Blue

circles indicate the estimated JND.
(a) Fairly monotonous decrease in JND with increase in background light

intensity.
(b) Overall good JND values with an elevation in the middle light intensity

area.
(c) An initial decrease in JND is followed by a steady increase.

the image bit depth preference given a high end monochro-
matic display. In order to assess possible differences in JND
between Chinese and inhabitants of the Netherlands Qin et
al. used seven images to conclude that there are differences
in black level JND but that these differences might be influ-
enced by the fact that the “viewers looked to a different part
in the images rather than to an ethnic difference”. [11] It is
clear that images with a neutral content are to be preferred.

It is generally accepted that calibration and transformation
of gray value intensities is important for optimal interpreta-
tion of images. The DICOM standard, in combination with
the use of calibrated monitors and controlled environments
compensates on average for the perception of the human be-
ing. [13] However, we showed that there is a considerable
individual variability in viewing capabilities between individ-
ual dental practitioners. These variations could be classified
into different profiles. Therefore, a transformation optimal for
one person will possibly decrease the perception for another
person. The overall substantial variability in JND indicates
that a one fits all transformation for patterns that conform the
general tendency will most often be sub-optimal. Further re-
search will be performed to assess the effect on clinical diag-
nosis.

V. CONCLUSION

1. DICOM transformations need to be generalized, also to
dental practice.

2. Gray value perception is individual, not all humans are
alike with respect to their visual capacities.

3. Individual transformations are needed to optimize the
gray value perception for everybody.
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