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Digital chest radiographs are often too bright and/or 
lack contrast when viewed on a video display. This 
often occurs in radiographs taken of patients with 
dense lungs, of when incorrect x-ray exposure tech- 
niques or inappropriate image preprocessing opera- 
tions are performed (eg, by the computed radiography 
system or laser scannerl. This article describes a 
method to automatically provide brightness and con- 
trast adjustments to selectively enhance either soft or 
dense tissues. This method reduces viewer interaction 
and improves displayed image quality. The algorithm 
analyzes the gray-level histogram of a chest radio- 
graph and determines the breakpoints that separate 
the region outside the patient (background), the radio- 
graphically soft tissues, and the radiographically dense 
tissues. From these breakpoints, a series of piecewise 
linear Iook-up tables (LUTs) is generated to selectively 
enhance either the soft tissues or the dense tissues. 
This is performed by: (1) varying the contrast in the 
patient background to achieve the desired overall 
brightness, (2} selectively increasing the contrast of 
the tissue region of interest, and (3) reducing or 
maintaining the contrast of the remaining region. The 
resulting LUTs are applied to the original image vŸ 
video display. 
Copyright ~ 1993 by W.B. Saunders Company 
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I N A PICTURE archiving and communica- 
tion system (PACS) ~-s chest radiographs are 

acquired, archived to long-term storage, and 
routed to a high-resolution display workstation, 
all in digital form. At the display workstation, 
the radiologist reviews the image on a vŸ 
display monitor. Chest images displayed on the 
monitors are often too bright or lack sufficient 
contrast. This can be due to many factors: the 
exposure technique may not sufficiently pene- 
trate the different tissues (especially pediatric 
patients from the neonatal intensive care unit 
with underdeveloped lungs); the brightness and 
contrast improvements performed by the image 
acquisition device may not be optimal (ie, they 
may be designed for some "standard" chest 
image and may not truly apply to a specific 
image); or the image acquisition devices may 
drift out of calibration and produce very bright 
or poor contrast images. 

Presently, radiologists have a limited number 

of options when faced with a video image that is 
too bright and/or lacks contrast. These options 
include direct image interaction through analog 
brightness and contrast knobs or interactive 
digital level and window operations. When the 
viewer adjusts the brightness and contrast knobs, 
the adjustments must be made for each image. 
This creates nonstandard viewing conditions 
and requires frequent viewer interaction. Inter- 
active digital level and window adjustments may 
be used, but this requires even greater viewer 
interaction. 

Several automatic preprocessing methods 
have been proposed to improve the displayed 
contrast of digital images. 9 These methods in- 
clude histogram equalization, unsharp masking, 
and variations of the two. Histogram equaliza- 
tion ~o can be applied to digital chest images 
automatically to enhance areas of low contrast, 
but it may enhance the background at the 
expense of the areas of interest. Adaptive histo- 
gram equalization (AHE) H enhances areas of 
interest by using histogram equalization that is 
locally adaptive. Extensions to the basic AHE 
method have included limits on the enhance- 
ment (contrast-limited AHE) ~2 and the suppres- 
sion of artifacts by the calculation and subtrac- 
tion of a background (artifact-suppressed 
AME). 13 Although these methods are successful 
in improving the contrast in the images, they are 
computationally intensive and yield only one 
image. This gives the viewer little flexibility in 
selecting the desired brightness and contrast 
settings. 

Several other methods have been proposed to 

From the Department of Radiologzcal Sciences, Universi O, of 
California, Los Angeles, CA. 

Supported in part by Public Health Sen'ice Grant nos. 7"32 
GM 08375 and PO1 CA 51198 awarded by the National 
lnstitute of General Medical Sciences and the National Cancer 
Institute, respectively. 

Address reprint requests to Michael F. McNitt-Gray, MS, 
Department of Radiological Sciences, UniversiO, of Cal([omia, 
Los Angeles, AR-277 CHS, 10833 Le Conte Ave, Los Angeles, 
CA 90024-1721. 

Copyright �9 1993 t)v H�91 B. Saunders Cornpany 
0897-1889/93/0602-000153.00/0 

Journa/ofDigitallmag#}g, Vol 6, No 2 (May), 1993: pp 95-104 95 



96 MCNITT-GRAY ET AL 

account for the different processing require- 
ments of the lung and mediastinum areas. 
McAdams et al ~4 have described a method that 
analyzes the image histogram to design gray 
scale modification look-up tables (LUTs) as 
well as an anatomy-sensitive high frequency 
emphasis parameter for adaptive unsharp mask- 
ing. This histogram-directed method gives 
impressive resuits; however, it derives these 
histograms interactively and is very operator 
intensive. Sherrier and Johnson I~ have de- 
scribed a method that determines whether each 
pixel under consideration is in the heart, medi- 
astinum, or subdiaphragm region. For each 
region, a separate form of AHE is performed. 
Sezan et al 16 have described a method in which 
heuristic rules have been applied to the image 
histogram to identify the lung/mediastinum gray 
level threshold. Based on the threshold ob- 
tained, a high frequency emphasis parameter is 
determined for use in adaptive unsharp mask- 
ing. This article describes a method that uses 
heuristic rules (different from those in Sezan et 
al ~6) to determine several regions within the 
gray level histogram. However, neither AHE or 
unsharp masking are used; instead, several gray 
level modification LUTs ate created to give the 
viewer more flexibility in viewing digital chest 
images. 

This method automatically creates several 
piecewise linear LUTs that allow the viewer to 
selectively enhance different tissue densities in 
digital chest images. This is accomplished by 
analyzing the histogram of the image to deter- 
mine several key breakpoints. Based on these 
breakpoints, three regions of interest can be 
identified: (1) the background region, (2) the 
radiographically soft tissue region and (3) the 
radiographically dense tissue region. Using the 
breakpoints, we can apply different gains to 
increase the contrast (gain > 1) or reduce the 
contrast (gain < 1) of each region individually. 
In this way, the brightness and contrast of each 
region can be adjusted. The rcsult is a series of 
piecewise linear LUTs that are created to en- 
hance each region of interest selectively. Nine 
different LUTs are generated: one linear LUT 
with no cnhancement, two LUTs that enhance 
the radiographically soft tissues (with different 
amounts of gain) and six LUTs that enhance the 
radiographicaily dense tissues (each with differ- 
ent amounts of gain). Thus, with a minimum 
amount of viewer interaction, either the more 

soft or more dense tissues can be enhanced by 
applying the precalculated LUTs. This method 
has been implemented in a clinical PACS at the 
University of California at Los Angeles. 

METHODS AND MATERIALS 

Obtaining the Image Histogram 
Digital chest radiographs in our PACS are 

acquired and sent to a central file server and 
archive (known as a cluster controller), where 
the image is subsampled to generate a gray level 
histogram. Figure 1 shows a typical digital 
pediatric chest image and Fig 2 shows the 
corresponding histogram of this image. Figure 2 
shows the "noisy" nature of the histogram. This 
makes the determination of significant break- 
points (ie, the boundaries between pixel popula- 
tions) difficult. The histogram is smoothed using 
a local average to aid in the location of these 
breakpoints. 

ldentification of Breakpoints 
Examination of the smoothed histograms 

shows a distinct pattern that is observed in most 
chest images. This leads to the hypothesis that 
the histogram of a ~pical chest has three 
distinct regions that include (Fig 3) (1) A 
background region, (2) A radiographically soft 
tissue region, and (3) A radiographically dense 
tissue region. The background region is charac- 
terized by a peak in the lowest gray levels. This 
region is caused by areas that are outside the 
patient but within the radiation field. These are 
areas with little or no attenuation of the x-ray 
beam and have the darkest (lowest) pixel vai- 
ues. The soft tissue region begins with the gray 

Fig 1. Typical digital image of a pediatric chest. 
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Fig 2. Actual gray level histogram of image in Fig 1. 

levels that are brighter than the background 
region and have a low number of occurrences 
without any peak in the histogram. This region 
contains the softest tissues in the chest image 
and may include skin, muscle, and sometimes 
the less dense portions of lung tissues (those 
that are weli-penetrated by the x-ray beam). 
Pixels belonging to the lung region often have 
gray values brighter than the softest tissues, 
continuing up to approximately the image aver- 
age gray value. The lung region is considered to 
be part of the soft tissue region. The dense 
tissue region is characterized by gray levels that 
ate brighter than the soft tissue region and are 
contained in a large, broad peak. This region 
contains the remaining tissues including those 
of the heart and mediastinum, subdiaphragm, 

and the densest lung tissues (those that ate not 
well penetrated). 

Several heuristic rules were created to iden- 
tify these three regions from the smoothed 
image histogram. These rules describe how to 
Iocate the breakpoints that identify the regions. 
The first breakpoint (pointA in Fig 4) is the first 
gray level (greater than gray level 0) that has a 
non-zero frequcncy of occurrence. This is the 
beginning of the background region. The next 
breakpoint (point B in Fig 4) is the gray level 
that has the first local maximum following point 
A. The third breakpoint (point C in Fig 4) is the 
first local minimum following the maximum. 
This defines the end of the background region 
and the beginning of the soft tissue region. The 
next breakpoint (point D in Fig 4) is the average 
gray value of the image. This point describes the 
end of the soft tissue region and the beginning 
of the dense tissue region. Pietka et al 17 used the 
avcrage gray level a s a  threshold for the lung 
region (le, most of the lung region has gray 
values less than or equal to the average gray 
value). Finally, breakpoint E is the last gray 
level with a non-zero frequency of occurrence. 
This point describes the end of the dense tissue 
region. 

The heuristic rules described above are used 
to find all of the breakpoints that identify the 
three regions. The background region consists 
of gray levels from 0 (zero) to breakpoint C. The 
radiographically soft tissue region consists of 
gray levels from breakpoints C to D. The radio- 

I 

BK I S O F T  q  A B C D E 
Fig 3. Definition of the three regions in a typical digital Fig 4. Breakpoints in a typical digital chest image histo- 

chest image histogram, grato. 
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graphically dense tissue region consists of gray 
levels from breakpoints D to E. Using this 
information, piecewise linear LUTs are created. 

Create Piecewise Linear L UTs 

Once the three regions ate identified, LUTs 
that enhance each region separate[y are cre- 
ated. This is done by increasing the contrast for 
the region of interest and adjusting the contrast 
for the remaining regions. For ah LUT, this 
consists of assigning gains of greater than one to 
increase contrast or less than one to decrease 
contrast. By varying the gain of each region 
separately, a piecewise linear LUT is created as 
shown in Fig 5. This figure shows the creation of 
ah LUT that enhances the dense tissue region. 
When such an LUT is applied to the original 
image, a remapping of gray levels occurs as 
shown in Fig 6. 

This must be done within the limits of the 
gray levels available for display and within the 
useful range of gray levels. The display monitors 
used in our PACS can display 256 gray levels (8 
bits). The LUT creation step must take these 
factors into account as gray levels are reallo- 
cated. 

In this analysis, there are three regions and 
each region is assigned a gain to create the 
LUT. Therefore,  we use the following defini- 
tions: 

Ah, gain applied to the background region 
As, gain applied to the radiographically soft tissue region 
Ad, gain applied to the radiographically dense tissue 

region 

255 

/ G ~ ~  : 
I I 
I BACK i SOFT IDENSE! 

0 255 
Fig 5, Example of an LUT to enhance the dense tissue 

region. 
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Fig 6. Mapping of gray levels when the LUT of Fig 5 is 
applied. 

Nb, number of gray levels occupied by the background 
region 

N~, number of gray levels occupied by the soft region 
Nd, number of gray levels occupied by the dense region 

Z,~~~, the highest output gray level allowed (typically 255 
for 8-bit image) 

Zmin, the lowest output gray level allowed (typically 0) 
LUT[i], the LUT array 
i, gray level 
A, B, C, D, E, breakpoints as described above. 

The LUT is created by applying a different 
gain to each region in the following manner: 

LUT[i] = ( A  b * i) q- Zmm 0 _< i _< C 
LUT[i] = ( A ~ * ( i - C ) )  + ( A b * C )  + Zmi, C < i _< D 
LUT[i] = (Ac * li - D)) + (A~ * (D - C)) D < i < E 

+ (Ab * C) + Zmi n 
LUT[i] = Zma x E < i 

In the next section, we discuss how each of 
the gains are determined. 

Enhancing the Radiographically Dense Tissue 
Region 

To enhance the dense region, the dense 
tissue region should have its contrast increased 
and the overall brightness of the image should 
be decreased. To accomplish this, a three-step 
process is performed. First, a gain of greater 
than one is specified for the dense region to 
increase contrast. Next, the gain of the soft 
tissue region is maintained at one, ir possible, 
because this region usually has good contrast 
(and no enhancement may be necessary). Fi- 
nally, the background region has a gain of less 
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than one to reduce its contrast. This reduces the 
overall brightness of the image. This three-step 
process is repeated for all of the desired dense 
gain values. 

For chest images, the values of the dense 
region gain are assigned values from 1.2 to 2.2. 
These values were empirically determined to 
give a good range of contrast enhancements. 
Gains higher than 2.2 often provided too much 
contrast and were not found to be useful. The 
number of output gray levels that the dense 
region will occupy is found by multiplying the 
specified gain (Ab) by the input dense region 
range of gray levels (E = D): 

Nd = Ad * (E - D) 
If [Ne > (Zm~x - Zmin)] (le, if a l located  > avai lable);  
then  reduce  Ad unti l  Nd < (Zmax - Z m i n ) ,  

This also determines the number of gray levels 
left to be allocated to the soft and background 
regions. If the dense gain is too high, there may 
not be a sufficient number of gray levels to 
maintain soft tissue contrast and soft tissue 
contrast may be reduced: 

N~ = A~ * (D - C ) , w h e r e  As = 1: 
However ,  if [(Nd + N~) > (Zm~x - Zmin)] (if a l located  > 
a v a i l a b l e ) ;  t h e n  ( r e d u c e  A~ u n t i l  (Nd + N~) _< 
(Zm~, - Zmi~), and set Ab = 0) 

If there are still gray levels to be allocated (ie, if 
( N  d q- N s )  ( ( Z m a  x - Z m i n ) ) ,  the gain for the 
background region is calculated as the following 
equation: 

Ab = [(Zm.~ - Zmi.) - (Nd + N~)]/C 

In this way, the gain for each region can be 
determined after specifying the dense tissue 
region gain. As the dense tissue gain is in- 
creased, the contrast of this region is increased. 
As the background region contrast is reduced, 
this darkens the entire image. This is shown in 
the example LUT in Fig 5 and the resulting 
gray-Ievel mapping shown in Fig 6. 

Enhancing the Radiographically Soft Tissue 
Region 

To enhance the soft tissue region, a similar 
set of steps are undertaken. The gain of the soft 
tissue is specified to be greater than one (soft 
gain values of 1.2 and 1.4 are used in this report 
because gains higher than this have not been 
shown to be useful from our preliminary clinical 
assessments). The range of gray IeveIs that the 

soft tissue region will occupy can be calculated 
as above. This will result in the reduction of 
contrast for the dense tissue region. In the case 
of very soft tissues (those with very low gray 
levels) this increase in contrast may still not 
make them appear with sufficient brightness. 
For this reason, the background region-- 
usually a region that occupies a limited number 
of gray levels--also has its contrast increased to 
brighten the image. Thus, the gain specified for 
the soft tissue region witl also be applied to the 
background region in this case. The following 
equations are used to find the appropriate gain 
for the dense region: 

N~ = A~ * (D - C) 

Nb = Ab * (C) 

Ng = [(Z .. . .  - Zmin) - (Nb + Ns ) ] / (E  - D) 

An example of a soft tissue enhancement LUT 
and its mapping are shown in Figs 7 and 8. 

Implementation in a PACS 

The PACS consists of several major compo- 
nents. 1-s Among these are the image acquisition 
devices. In our PACS, digital radiographs are 
acquired from three computed radiography (CR) 
systems (one Philips Computed Radiography 
system PCR-901 and two PCR-7000, Phitips 
Medical Systems, Shelton, CT) a n d a  laser 
scanner (Konica Laser Scanner Model KLSR-S, 
Konica, Tokyo, Japan). These images are refor- 
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Fig 7, Example of ah LUT to enhance the soft tissue region. 
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Fig 8. Mapping of gray levels when the LUT of Fig 7 is 
applied. 

matted on an acquisition computer (Sun 4/370, 
Sun Microsystems Inc, Mountain View, CA) 
and sent to a cIuster controller computer. 

At the cluster controller computer each im- 
age is automatically sampled to create the 
histogram and the breakpoint analysis (de- 
scribed above) is performed on each image 
individually. The resultant breakpoints are 
stored in the header of the image file for later 
use. The image and header ate long-term ar- 
chived onto an optical disk library, a n d a  copy is 
also routed to the appropriate display worksta- 
tion where it is stored on parallel transfer disks. 

At the display workstation, as the image is 
read from the parallel transfer disks, the break- 
points are read from the header information 
and nine piecewise linear LUTs are calculated 
automatically. The LUTs created are as follows: 
six for increased dense tissue contrast, two for 
increased soft tissue contrast, and one linear 
LUT (no enhancement,  to re-create the origi- 
nal). By the time the image is available for 
display, all of the LUTs have been created and 
are ready for use. 

Because the display routines are written in 
the X-window environment, ~ the viewer can 
select which tissue region to enhance by clicking 
a cursor on the appropriate icon. One icon 
applies the LUT of the next higher dense tissue 
gain (or lower soft tissue gain). Another icon 

applies the LUT of the next lower dense tissue 
gain (of higher soft tissue gain). In this way, the 
viewer can step through the sequence of LUTs 
rather than being limited to a single LUT. 

RESULTS 

For the image in Fig 1, all five breakpoints 
were calculated: A = 1, B = 8, C = 25, D = 132, 
and E = 230 (all units are gray level values). 
The algorithm described above assumes that the 
background region is from breakpoint A to C 
(gray level 0 to 25), the soft tissue region is from 
C to D (gray levels 26 to 132) and that the dense 
tissue region is from D to E (gray levels 133 to 
230). To show that the breakpoints do corre- 
spond to the assumed regions of radiographic 
density, the original image in Fig 1 has been 
thresholded at each of the above mentioned 
values. Figure 9A shows the original image 
which has been thresholded between gray val- 
ues 0 to 25. This gray level range contains only 
pixels belonging to the background region out- 
side the patient. Figure 9B shows the original 
image thresholded between gray levels 26 to 
132. This gray level range contains the pixels 
belonging to muscle, fat, skin and lung regions 
whereas the densest part of the lungs has not 
been included. Figure 9C shows the original 
image thresholded between gray levels 133 to 
230. This gray level range contains the densest 
part of the lungs as well as the mediastinum, 
subdiaphragm, and dense bone. 

Six dense tissue gains (1.2, 1.4, 1.6, 1.8, 2.0, 
and 2.2), two soft tissue gains (1.2 and 1.4) and 
one linear LUT (to re-create the original) have 
been used. For the purposes of reporting re- 
sults, only one image is considered a n d a  repre- 
sentative sample of the different LUTs ate 
displayed here. Figure 10 shows the original and 
processed images for one clinical pediatric chest 
image. 

Comparing the original image in Fig lOA to 
the increased soft tissue gain image of Fig 10B 
shows the improvement is limited to two areas. 
The first improvement is in the soft tissue areas, 
such as skin, muscle, and fat. The other improve- 
ment may occur where the lung is over pene- 
trated, making it too dark to be very visible in 
the original image. The brightening of the 
image and the increased gain of the soft tissue 



ENHANCING THE DISPLAY OF CHEST RADIOGRAPHS 101 

q 
A k i 

Fig 9. (A) Thresholded image of Fig 1 showing background 
region in white. The image has been thresholded between grsy 
levels 1 and 25. (B} Thresholded image of Fig 1 showing the 
radiographir soft tissue region in white, The image has been 
thresholded between gray levels 26 and 132. (C) Thresholded 
image of Fig 1 showing the radiographicaUy dense tissue region in 
white. The image has been thresholded between gray levels 133 
and 230. 

m 

region allows these structures to become more 
visible. These improvements are obtained at the 
expense of reduced contrast and increased 
brightness of the denser tissues. 

Comparing Figs 10C and 10D with the origi- 
nal image in Fig lOA shows the contrast en- 
hancement of the dense tissues and the darken- 
ing of the image as the gain is increased. This 
results in improved visualization of the denser 
structures of the chest. However, this improve- 
ment is accomplished at the expense of de- 
creased contrast and decreased brightness of 
the softer tissues. 

A s a  result of the increased gain in the 
piecewise linear LUTs, the contrast between 
selected gray levels is increased. If the contrast 
enhancement is large enough, this may lead to 
an enhancement of the image noise as weli. To 
demonstrate this effect, we have used a chest 
phantom under extremely Iow exposure condi- 
tions to create a very noisy image. The original 
(no LUT applied) is shown in Fig IIA. This 

image was analyzed using the methods de- 
scribed above and piecewise linear LUTs were 
created. The LUT with the largest dense gain 
(dg = 2.2) was applied and the result is shown 
in Fig 11B. Comparing thcse two images, we can 
see an increase in the noise in Fig 11B. This is 
because of the contrast enhancement intro- 
duced by the LUT. The contrast of the tissues 
has been increased as well as the contrast 
between the noise. Though this may be a prob- 
lem at high noise levels and high LUT gains, it 
does not appear to be significant for clinical 
images at the levels of enhancement discussed 
in this report (this effect is not apparent in Figs 
10C or 10D). 

DISCUSSION 

Applying multiple piecewise linear LUTs has 
allowed superior visualization of the dense tis- 
sues and associated structures, especially in 
images that are too bright and/or  lack contrast. 
The structures of  the mediastinum, the retrocar- 
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Fig 10. |A) Original digital chest vadiogr of Fig 1 (reproduced for conveniente). (B) LUT with $oft gain of 1.4 applled t o  image in 
Fi910A. (C) LUT with dense 9ain of 1.6 applied to image in Fi910A. (D) LUT wlth dense gain of 2.2 applied to image in Fi910~ 

diac area, the lungs (when under penetrated), 
and any tubes present are better visualized 
when the dense ti~ue region is enhanced. With 
dense tissue enhancement, lesions in the hilar, 
subdiaphragmatic, or retrocardiac arca may 
become more visible. The soft tissue enhance- 
ment does not show such dramatic improve- 
ment, but this should enhance the perception of 
abnormalities that may occur in the muscle, fat, 
or skin. This enhancement may also providc 
better visualization in those parts of the lung 
region that are over pcnctrated in the original 
exposure. 

This method has been implementcd in a 
clinical picture and archiving and communica- 
tion system (PACS) since Septcmber 1991 at 
UCLA. n~ Though no quantitative studies have 
been undertaken, the response to the LUTs and 
the flexibility provided by thc multiple LUTs 
has been favorable. 

Increasing the contrast between tissues by 
using the LUTs may lead to an enhancement of 
the image noise as well. As the contrast between 
gray levr due to different tissue densities 
increases, the contrast betwcen gray levels that 
are different due to noise is enhanced as well. 
For the phantom image (obtained with very Iow 
x-ray exposure), these noise effects can be made 
visible. Howcver, this problem does not appear 
to be significant for the clinical radiographs at 
the levels of enhancement discussed in this 
report. Still. further investigation on the effects 
of noise are warranted. Presently, the upper 
limit on the individual gains is determined by 
the number of gray levels availablc for alloca- 
tion. not by the amount of noise present. 

Finally, this method does assume a cer(ain 
shape of the histogram and that the breakpoints 
found do approximate the true gray level break- 
points bctwcen the anatomic regions. Thus, 
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Fig 11. (A) Originalimage (lin- 
ear LUT) of chest phantom under 
noisy exposure conditions. (B) 
LUT with dense gain of 2.2 ap- 
plied to image in Fig 11A to en- 
hance the noise. 

when the lung region is very dense and/or 
underpenetrated and the region appears bright, 
pixels from the iung region may be included in 
the radiographically dense region instead of the 
soft tissue region. This effect can be seen in Figs 
9B and 9C where the denser parts of the left 
lung region are included in the radiographically 
dense region. However, even ir the breakpoints 
ate not exactly correct, the LUTs created still 
give a great deal of flexibility in viewing the 
image. Even ir the densest part of the lung is 
considered to be radiographically dense tissue, 

the contrast of that brighter lung rcgion will be 
enhanced with the dense LUTs instead of with 
the soft LUTs. Therefore, even when the break- 
points are notas accurate as we would like, the 
overall objective--enhancement of the various 
tissues--can still be accomplished. 

CONCLUSION 

The method described in this report has the 
ability to enhance both soft tissues and dense 
tissues at the option of the viewer. Each region 
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is enhanced separately. The purpose of this 
method is to allow the viewer to enhance either 
the dense tissues or the soft tissues, but not both 
simultaneously. The viewer can step between 
dense and soft tissue enhancement  ir both are 
desired. Also, the original may be accessed at 
any time for a direct comparison. 

The option of having several piecewise linear 
LUTs for CR chest images has received a 
favorable response. Our clinicians have ob- 
served CR images that are too bright and/or  
lack contrast. An approach to make a single 
correction 19 was tried, but that approach was 
not flexible enough for a wide variety of patients 
and radiologists. This new technique includes a 
series of LUTs to provide some flexibility. The 
user interface makes it extremely easy and fast 
to change LUTs until the desired one is found. 
The only drawback observed so far is that when 

radiographically soft tissues are enhanced, it is 
at the expense of decreased contrast and in- 
creased brightness of the denser tissues; and 
when radiographically dense tissues are en- 
hanced, it is at the expense of decreased con- 
trast and decreased brightness of the softer 
tissues. 

Future work in this area may be to assess the 
ability of the method to standardize the display 
of different images of the same region having 
different exposure techniques. Though CR im- 
ages use some processing at the time of acquisi- 
tion to compensate for exposure, this is some- 
times not adequate and the result is the bright 
and/or  low contrast images. This method could 
possibly be used to postprocess the image to a 
standard display. Other work may also quantify 
the radiologist's response to the effectiveness 
(and convenience) of the LUTs in aiding diagnosis. 
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