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CHE8T WALL THICKNESS AND PERCENT THORACIC FAT ESTIMATION 
BY B-MODE ULTRASOUND: SYSTEM AND PROCEDURE REVIEW 

C. D. Berger 
B. H. Lane 

M* R. Dunsmore 

ABSTRACT 
Accurate measurement of chest wall thickness ia neces-

sary for estimation of lung burden of transuranic elements 
in humans. To achieve this capability, the ORNL Whole Body 
Counter has acquired a B-mode ultrasonic imaging system for 
defining the structure within the thorax of the body. This 
report contains a review of the ultrasound system in use at 
the ORNL Whole Body Counter, including i ts theory of opera-
tion, and the procedure for use of the system. Future de-
velopmental plana are also presented. 

INTRODUCTION 

Estimation of lung burden of transuranic elements in humans by 
whole body counting is a d i f f i cu l t task at best. Because of many 
complicating factors, large error bars must be added to the f inal re-
sults. One of thesn factors is the attenuation of low-energy photons 
and internal conversion X rays within the chest of an exposed indi-
vidual. For example, for 2 ,*Pu, the internal conversion uranium-L 
X rays average about 2.7 x 10* aj (17 keV) in energy and are heavily 
absorbed in tissue. (The half-value layer is approximately 6 mm of 
soft tissue.) From calibration and phantom studies made with radia-
tion detectors placed directly over the chest, i t can be shown that 
every millimeter error made in estimating the thickness of the chest 
wall results in at least 20Z error in the f inal assessment of any 
2 , *p u lung burden. Because the shape of the normal human chest-wall 
varies significantly, i t is important to obtain an accurate measure-
ment of chest-wall thickness for every subject counted at the ORNL 
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Whole Body Counter for transuranics and other radionuclidea with simi-
lar emissions. 

We have therefore employed a B-mode ultrasound Imaging system for 
defining the structure within the thoracic region of the body. This 
is a device similar to those used in medical diagnostics. Because of 
the quality and configuration of the transducer, we are able to obtain 
a longitudinal dynamic image of the chest over the area covered by the 
radiation detectors. 1 

Since photon transmission characteristics vary through fat and 
soft tissue, assessing the percent thoracic fat is also an important 
factor in lung counting for transuranics since calibration corrections 
for extremes in body build (particularly from males to females) could 
exceed 60%. Preliminary investigation has shown that B-mode ultra-
sound may be the most accurate method for characterising fat content 
in the chest of whole body counter subjects. 

This report contains a review of the ultrasound system in use at 
the ORNL Whole Body Counter, including the theory of its operation, 
and the procedure for use of the system. Future developmental plans 
are also presented. 

BASIC THEORY OF ULTRASOUND 

An ultrasonic wave is a rapidly vibrating acoustic pressure wave 
transmitted through a medium. For most medical applications, ultra-
sound is considered to be that frequency between 1 MHs (MHs • million 
cycles per second) and 15 MHs. At higher frequencies, propagation be-
comes more directional, but penetration into tissue decreases. The 
principal features that make ultrasonic signals useful as diagnostic 
tools are that they can be concentrated into a directional beam, 
closely obey the laws of reflection and refraction similar to optics, 
and provide distinct echoes (or reflections) from small objects. 

Ultrasound waves require a molecular medium for propagation* As 
the waves travel, the "particles" in the medium are alternately com-
pressed and expanded* The particles transfer this motion to adjacent 
particles, resulting in the disturbance propagating through the medium* 



3 

Two of the most important modifiers of the propagation velocity 
of sound waves are Che density and elasticity of the medium through 
which the waves travel. The following table lists the velocity in 
some biological materials.2 

Table 1: Velocity of Sound in Biological Materials 

Medium Velocity (m/sec) % Error 

Water 1525 1.0 
Saline 1534 0.5 
Soft Tissue 1540 0.1 
Bone 3380 54.0 

The sound wave is introduced at the skin surface and echoes are gen-
erated from structures in the path of the waves. From Table 1, however, 
one can see that the velocity of sound is not the same in all tissue. 
For the purpose of this study, a velocity of 1540 meters per second is 
assumed. This is an average velocity for soft tissue as reported by 
Wells.2 

Ultrasonic waves travel with less degradation through most solids 
than they do through liquids, and are propagated even more poorly through 
gaseous media. The decrease in intensity of ultrasound in gases, such as 
air in the lungs, usually prohibit* gaining clinical inforaation from 
beyond the lung surface. Also, when waves pass through a Mdium, there 
is loss of energy due to scattering absorption in the form of heat and 
wave divergence. This decrease in the intensity of the waves is termed 
attenuation, which may be expressed as "half-value layer," defined as the 
distance at which the initial intensity of the wave is reduced by one-
half. The half-value layer in gases is very small compared to soft 
tissue; this makes it easy to identify and characterise the wall of the 
lung as opposed to the entire organ. 
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Electrical potential applied to certain natural crystal* and 
manufactured ceramics produce pressure waves* Alternatively, pressure 
waver striking that crystal produce an electric potential. This 
transducer effect is called the "piezoelectric" principle, which 
allows the same unit to act as both a transmitter and a receiver,a 

When the transducer vibrates, it causes compression and rarefaction in 
all directions, particularly in the direction perpendicular to the 
larger surfaces. Matching layers are used to transfer energy effi-
ciently between high-impedence transducer materials and lower-
impedence tissue. Dynamic pulse-echo imaging, employed by the ultra-
sound unit at the Whole Body Counter, uses an array of such trans-
ducers as both transmitters and receivers of ultrasonic energy* An 
ultrasound pulse is created by applying an electrical potential across 
the transducer, causing it to distort and produce compression and 
rarefaction. This pulse, which is short in wavelength and highly 
directional, is emitted from the transducer and passes through a 
coupling gel into the subject.H 

This ultrasonic pulse traverses through the medium until an 
interface is encountered. The strength of the echo returned to the 
transducer is a function of the acoustical impedence mismatch between 
the two substances and upon the angle of the transmitted wave as it 
meets the interface* The closer to perpendicular this angle of inci-
dence, the greater the portion of echo energy returned to the trans-
ducer. 

While this pulse is traveling through the medium, the transducer 
is in the receiving mode to detect returning echoes. When the re-
turning echo arrives at the transducer, it exerts a pressure which, in 
turn, generates an electrical potential. This response appears as a 
radio-frequency pulse signal which is amplified, processed and dis-
played for interpretation* 
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EQUIPMENT SPECIFICATIONS 

Transducer 
The ultrasound unit in use at the ORNL Whole Bcdy Counter is an 

electronically sequenced Linear Array Dynamic Imaging system manu-
factured by Siemens Gammasonics, nc. This system is unique in that 
it e m p l o y s a focused transducer probe in which a contiguous group of 
transducer elements is selected from an array of 384 elements by elec-
tronic switching and treated as if they were a single transducer* 
After ultrasonic transmission and reception of echoes from interfaces 
in front of this group, the electronic switching is indexed to select 
one new element into the active group at one end and to delete one 
element at the other end. If the first group was at one end of the 
array, echoes arj displayed on the first display scan line at one side 
of the CRT display. Echoes from the next group are displayed on the 
next adjacent scan line in the display, and so on, until echoes from 
the final group show on the last scan line on the other side of the 
CRT display. Thus, the horizontal, or x-axis, of the display repre-
sents distance along the subject's skin line as defined by the se-
lected element group locations in the array. Electro..*c switching 
permits this scanning of the array in a period limited only by the 
time required for echoes to return from the greatest depth of 
interest. Thus, many scans per second can be completed and converted 
to video displays. The visual persistence of the observer causes the 
repeated presentations to be blended into a continuous image. 

Electronic Calipers 
Electronic calipers are used to determine distances between 

interfaces of interest. In caliper use, display scan timing signals 
are compared with signals generated in proportion to a position aet by 
a "joystick" control. Coincidence activate* the superposition of a 
"cross" symbol on the CRT screen. Once a measurement point is defined 
by the SET button on the control panel, the location is stored and the 
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first cross-mark is repeatedly refreshed. The second cross-mark ia 
then joystick-controlled as before. 

A micro-computer, internal to the system, calculates the distance 
between cross-marks by the following: 

vt 
d -

2 

where 
v • velocity of sound in tissue (average 1540 meters/second), 
t " time from transmission to reception of ultrasound signal, and 
d • distance in meters. 

The number code is then read out through a character generator, providing 
a readable display on the CRT screen. 

Ancillary Equipment 
The CRT display is in a standard NTSC television format with 525 

lines and 60 fields per second. Available brightness is 137 cd/m2 (40 
foot-lamberts). Display indications ar« a 16-step gray scale, transducer 
orientation signal, and 1 cm equivalent distance marks. 

The system is also equipped with a foot pedal-controlled freeze 
frame. This includes digital storage of the echo data frame with subse-
quent readout in television format. Future plans for this system are to 
access this digital data for storage and processing by an external com-
puter. 

The ultrasound unit is also equipped with a syncronized Polaroid 
camera and appropriate electronics for contrast and brightness adjust-
ments. Shutter speed and f-stop settings are located on the camera 
itself. 

APPLICATION 
In order to apply ultrasonic imaging techniques to estimation of 

chest wall thickness and percent thoracic fat, one must understand the 
physiology of the human chest. Normal human lungs are predominantly 



7 

air-containing tissue which occupy the thoracic cavity, one on either 
side.3 Twelve vertebrae, twelve pairs of ribs and cartilages, and 
the sternum compose the bony thorax.6 The bony thorax is covered 
with muscle, adipose tissue, blood vesselB, nerves, and skin. 

For whole body counting purposes, ultrasonic techniques must be 
able to clearly image the surface of the lung or pleural membrane. 
The pleura has a very nmall amount of liquid, only a few tens of 
micrometers thick.3 This serous membrane forms a very thin film of 
uniform thickness that couples the pleural surfaces, enabling them to 
slide over each other during respiration. The lung and chest wall do 
not separate from each other but remain apposed throughout venti-
lation. Figure 1 is a diagram of the anatomy of interest. 

The "ultrasonic" lung surface is a roughened planar surface in 
marked contrast to the physical surface of the lung which is essen-
tially smooth.5 This planar surface is readily accessible near the 
Bkin over most of the chest by ultrasonic waves propagating through 
the soft tissues of the intercostal space that lies between adjacent 
ribs • 

One may examine the lung by acoustically coupling an ultrasonic 
transducer to the skin over the intercostal region. (Measurements are 
not made over the ribs since photon transmission and subsequent detec-
tion from internally deposited radionuclides, if present, would not be 
possible if particles reside under the ribs.) The transducer is 
placed, longitudinally, at positions 3, 6, 9, and 11 cm to the left or 
right of the sternum. Once the lung wall is located and enhanced, the 
image is frozen (by means of a foot-control) and measurements are 
made. Figure 2 is an example of a typical image, with the skin sur-
face, ribs and lung wall clearly displayed. 

Figure 2 also shows the muscle/fat interface on this subject. 
One can estimate percent thoracic fat by taking the ratio of the 
measured fat layer area (over the pectoral muscle) to the total chest 
wall area on this display. A computer program has been written to 
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Figure 2. 

RIBS 
Ultrasonic image of the chest wall of an adult nale, 
taken 3 cm to the left of the midline. 
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accept total chest wall thickness and fat layer thickness for each 
transducer position (see Appendix A)• From this information average 
le f t chest, right chest and total chest wall thickness is calculated, 
as well as average l e f t , right and total percent thoracic fa t . These 
data are then used to provide calibration corrections for attenuation 
of low-energy photons in lung counting. (A detailed procedure for 
biometric measurements and ultrasound study can be found in 
Appendix B.) 

DISCUSSION 
A B-mode ultrasound unit has been instituted recently at the ORNL 

Whole Body Counter as a means of measuring chest v l l thickness and 
percent thoracic fat in order to provide calibration correction for 
in-vivo detection of transuranicb and other low-energy photon 
emitters. Because of the system design and superior resolution down 
to a depth of approxi' j te ly 5 cm of tissue, individual measurements 
are accurate to within ± IX. Calculation of average total chest 
wall thickness and percent fat across the chest of each human is sub-
ject to error of ± 10% because of the operator-dependence of the 
system (see Appendix A). Nevertheless, institution of this technique 
has reduced our error in estimation of the quantity of internally de-
posited low-energy photon and X-ray emitters significantly, since 
every millimeter error made in estimating the thickness of the chest 
wall results in at least 20X error in the f inal assessment of lung 
burden for many of the transuranics. 

Future plans include institution of a direct ultrasound/computer 
interface in order to improve the accuracy of estimation of tota l 
chest wall thickness and percent thoracic fa t . This would allow for 
the acquisition of more numbers per measurement position and eliminate 
the effect of operator-dependent results. Because of the superior 
resolution of this syslem, i t is fe l t that i t could be useful in 
localizing radioactive or inert particles in shallow wounds for the 
purpose of debridement. This has yet to be investigated. 
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Appendix A 

COMPUTER PROGRAM DESCRIPTION 

Although whole body counts performed ar> a result of a radiation 
incident require accurate measurements of chest wall thickness and 
percent thoracic Cat for many positions on the chest under the area 
covered by radiation detectors, for day-to-day use and for the purpose 
of deriving algorithms Cor estimation of these values, a mean left and 
right chest wall thickness and percent thoracic fat can be calcu-
lated. A simple, user-interactive program, to be run on a mini-
computer system located at ttu Whole Body Counter facility, has been 
written for this task. 

This program accepts 5 measurements of total chest wall thickness 
and 5 measurements of fat layer thickness (as determined on the dis-
play of the B-mode ultrasound unit), simulates a rectangle for each 
layer, calculates the area of each, then calculates a ratio of these 
areas (fat to total chest wall thickness) for each of 4 transducer 
positions on the left and right chest. 

Output from this program includes average left chest, right chest 
and total chest wall thickness as well as average left, right and 
total percent thoracic fat. Adequate prompts are given so that the 
user only needs knowledge of how to access the program. 

Only five measurements are used across the display for averaging 
bt.sause of time constraints, even though the larger the number of 
measurements the more accurate the estimation of average chest wall 
thickness and percent thoracic fat. This requires decisions by the 
operator, making this an operator-dependent estimation technique. 
This source of error can be avoided when direct ultrasound/computer 
interface and data transfer is achieved. 
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Appendix B 

PROCEDURE FOR USE OF B-MODE ULTRASOUND UNIT 

1) Perform biometric measurements on each subject, to include chest, 
abdomen, hips, right thigh and calf, right upper and lower arm 
and anterior-posterior diameter (see Figure 3). 

2) Instruct subject to remove clothing from upper body and lie on 
his/her back on the bed. 

3) Locate sternal notch and mark midline. 
4) Measure and mark 3, 6, 9, and 11 cm lines from the center of 

sternum (midline) on both sides of subject's chest. 
5) Mark detector position using templates. 
6) Apply acoustic coupling gel to marked areas and to transducer 

face. 
7) Place transducer on marked areas, adjust gain *nd slope controls 

to achieve a high-quality display and freeze the image for 
measurements with electronic calipers. 

8) Repeat for each marked area. 
9) When measurements are complete, the subject is then escorted to 

the vaul" for his/her whole body count. 
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