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Abstract—Attention coefficient and propagation speed
of intercostal tissues were estimated from chest walls re-
moved postmortem (pm) from 15 5.3�2.3-day-old, 19 31�6-
day-old, and 15 61�3-day-old crossbred pigs. These ultra-
sonic propagation properties were determined from mea-
surements through the intercostal tissues, from the surface
of the skin to the parietal pleura. The chest walls were
placed in a 0.9% sodium chloride solution, sealed in freezer
bags, and stored at �15�C prior to measurements. When
evaluated, chest-wall storage time ranged between 1 and 477
days pm. All chest walls were allowed to equilibrate to 22�C
in a water bath prior to evaluation. There was an age de-
pendency of the intercostal tissue propagation speed, with
the speed increasing with increasing age. The attenuation
coefficient of intercostal tissue was shown to be indepen-
dent of the age of the pig at the discrete frequencies of 3.1
and 6.2 MHz. For pig intercostal tissues, the estimated at-
tenuation coefficient over the 3.1–9.2 MHz frequency range
was A = 1�94f0�90 where A is in decibels per centimeter
(dB/cm) and f is the ultrasonic frequency in megahertz. In
order to determine if there was an effect of storage time
pm on estimates of attenuation coefficient, a second exper-
iment was conducted. Five of the youngest pig chest walls
measured on day 1 pm in the first experiment were stored
at 4�C prior to the first evaluation then stored at �15�C
before being measured again at 108 days pm. There was no
difference in the estimated intercostal tissue attenuation co-
efficient as a function of storage time pm.

I. Introduction

The purpose of this study was to determine the at-
tenuation coefficient of intercostal tissue in the 3 to

9 MHz frequency range as a basis to provide an estimate
of the exposure (acoustic pressure, for example) at the
lung surface. This frequency range is common in clinical
ultrasound and is the frequency range used to study the
interaction between ultrasound and lung tissue. The ul-
trasound fields are calibrated in water, and in order to
provide an in situ (at the pleural) surface exposure esti-
mate, the ultrasonic insertion loss between the skin sur-
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face and the lung surface must be known. A number of
research groups have reported experimental findings doc-
umenting lung hemorrhage in mice [1]–[12], rats [11]–[18],
rabbits [6], [8], monkeys [19], and pigs [8], [19]–[22] at levels
of ultrasound exposure and pulsing conditions consistent
with those used for ultrasonography in humans. Some of
these reports did not estimate the exposure at the lung
surface, but rather reported exposure values at the skin
surface. Some of them used published attenuation coeffi-
cient values and others used measured values to provide in
situ exposure estimates. Our approach has been to mea-
sure the attenuation coefficient of the intercostal tissue
from a selected number of animals that were included in
our ultrasound-induced lung hemorrhage studies. This ap-
proach provides a more meaningful estimate of the in situ
exposure.

We know of only two published reports of measurements
of the attenuation coefficient of intercostal tissue of pigs
[20], [21]. These two reports, by the same research group,
used their measured values to estimate the in situ expo-
sures. However, these reports were of pigs in age ranges
between 0 and 10 days. In our age-dependent, ultrasound-
induced lung hemorrhage study of pigs [22], three pig-age
ranges were used (2–10 days, 30–51 days, 46–71 days).
Thus, in order to estimate the in situ exposure levels, it
was necessary to measure the intercostal tissue attenuation
coefficient of pigs within these approximate age ranges in
order to determine whether there was an age-dependent
effect.

II. Materials and Methods

Two separate experiments are reported. Experiment 1
estimated the intercostal tissue attenuation coefficient and
propagation speed for randomly selected pigs as a function
of age (and chest-wall thickness) that were included in an
ultrasound-induced lung hemorrhage study [22]. Experi-
ment 2 estimated the intercostal tissue attenuation co-
efficient and propagation speed as a function of sample
storage time. The experimental protocol was approved by
the Laboratory Animal Care Advisory Committee at the
University of Illinois at Urbana-Champaign and satisfied
all campus and National Institutes of Health (NIH) rules
for the humane use of laboratory animals. The nursing
(youngest age group) crossbred pigs were housed in an As-
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Fig. 1. Weight as a function of age for the 49 crossbred pigs whose
intercostal tissue was evaluated.

sociation for Assessment and Accreditation of Laboratory
Animal Care, Rockville, MD (AAALAC)-approved ani-
mal facility, with the sows in farrowing crates. The other
crossbred pigs were reared and housed in an AAALAC-
approved animal facility. The AAALAC is a private, non-
profit organization that promotes the humane treatment
of animals in science through a voluntary accreditation
program.

A. Experiment 1

Fifteen 5.3±2.3-day-old neonate crossbred pigs (weight:
2.2±0.4 kg), 19 31±6-day-old crossbred pigs (weight:
8.5±0.5 kg), and 15 61±3-day-old crossbred pigs (weight:
20±1.1 kg) were used in this study (Fig. 1). The
mean ± standard deviation intercostal tissue thicknesses
were, respectively, 1.12±0.30 cm, 2.13±0.59 cm, and
2.30±0.42 cm. The source of the pigs was the Univer-
sity of Illinois Veterinary Research Farm (Urbana, IL);
the chest walls were obtained at random from an ongo-
ing ultrasound-induced lung hemorrhage study [22]. These
three age groups will be referred to as 5-day, 31-day, and
61-day pigs for convenience.

The pigs were anesthetized with an intramuscular in-
jection of ketamine hydrochloride (2.2 mg/kg), xylazine
(2.2 mg/kg), and tiletamine/zolazepam (4.4 mg/kg). The
thorax was shaved with an electric clipper, followed by a
depilatory agent (Nair� Carter-Wallace, Inc., New York,
NY). Following the ultrasound-induced lung hemorrhage
exposure procedure [22], pigs were euthanized under anes-
thesia with an intravenous injection of sodium pentobarbi-
tal (0.22 mL/kg). Chest walls were removed as previously
described [23], placed in a 0.9% sodium chloride solution,
sealed in Glad-Lock� ZipperTM (The Glad Products Co.,
Oakland, CA) freezer bags, and stored at −15◦C. The 5-
day-pig chest walls were stored between 1 and 174 days, 31-
day-pig chest walls were stored between 42 and 477 days,
and 61-day-pig chest walls were stored between 47 and
470 days prior to determining attenuation coefficient and
propagation speed estimates.

B. Experiment 2

Chest walls from five 5.6±2.3-day-old neonate crossbred
pigs (weight: 2.4±0.4 kg) were evaluated at 108-days pm
to assess whether storage time affected attenuation coef-
ficient and propagation speed estimates. These five chest
walls were obtained from the group of 15, 5-day-old pigs
in Experiment 1. The same five pig chest walls were eval-
uated at 1- and 108-days pm. The chest walls were placed
in a 0.9% sodium chloride solution, sealed in Glad-Lock�

ZipperTM freezer bags, and stored at 4◦C prior to being
evaluated at day 1 pm then stored at −15◦C before being
evaluated again at day 108 pm.

C. Measurement and Analysis Techniques

Experimental procedures as described previously [23],
[24] using a standard through-transmission insertion-loss
technique [25] were used to estimate the attenuation co-
efficient of the chest-wall intercostal space. The propa-
gation speed was estimated from the transit time dif-
ference via a standard correlation integral technique be-
tween the water-path and through-tissue signals [23]. The
source transducer was driven by a low-power Panametrics
5800 pulser/receiver (Panametrics, Inc., Waltham, MA).
The pulser/receiver operated in both the pulse-echo mode
and the through-transmission mode, and its 2-kHz pulse
repetition frequency signal was fed to the source trans-
ducer. The source transducer, the hydrophone, and the
specially designed holder supporting the chest-wall sam-
ple were immersed in degassed water (22±0.5◦C). The ul-
trasonic source was a focused, 19-mm-diameter transducer
(Panametrics, Inc., Waltham, MA) with the following mea-
sured [26] characteristics: center frequency of 7.0 MHz,
fractional bandwidth of 40%, focal length of 97 mm, −6-
dB focal beamwidth of 1.1 mm, and −6-dB depth of fo-
cus of 38 mm. The hydrophone was a 1-mm2 bilaminar
membrane hydrophone (Perceptron Model 804, Plymouth
Meeting, PA). The sample was positioned between the
broadbanded source transducer and the hydrophone. The
hydrophone was placed as close as possible to the sample
with the source transducer’s focus at the location of the
hydrophone.

The chest-wall samples were acclimatized to the wa-
ter’s temperature (22±0.5◦C) for a period of at least 15
minutes prior to data acquisition. For the 5-day, 31-day,
and 61-day pigs, respectively, data were acquired from 600,
1000, and 1000 adjacent lateral positions in increments
of 50 µm, that is, over 30-, 50-, and 50-mm lengths. Ac-
quired data at the same sample locations consisted of the
through-transmission RF signals from which attenuation
and speed were estimated, and pulse-echo RF signals for
a B-mode image from which the intercostal tissue thick-
ness was estimated. The B-mode image and the normalized
acoustic pressure profiles as a function of lateral scanned
position (Fig. 2) were displayed simultaneously. These two
displays were used to locate the intercostal tissue. The ribs
were clearly seen in the B-mode image, and the normal-
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ized acoustic pressure profile demonstrated a substantial
amplitude decrease through the region in which the ribs
were located. Through-transmission reference data were
acquired with degassed water between the source trans-
ducer and hydrophone. No bubbles were visible on the
chest-wall samples; shaved and depilated chest walls were
used. If bubbles had been present, it is hypothesized that
they would have shown up on the B-mode image. How-
ever, no bubbles were visible by the naked eye or in the B-
mode images of the chest-wall samples. Also, even though
the attenuation losses included surface reflection losses,
they were considered to be insignificant and were not mea-
sured separately. The digitized pulse-echo and through-
transmission RF signals were transferred to a Sun Ultra-
Sparc (Sun Microsystems, Inc., Santa Clara, CA) worksta-
tion and analyzed using Matlab� (The MathWorks, Inc.,
Natick, MA).

The reported values for both the attenuation coefficient
and the propagation speed had slight errors. The analy-
sis to estimate the errors was reported elsewhere [23]. The
errors were based on the intercostal tissue thickness, de-
termined from the B-mode image for which a propagation
speed of 1540 m/s was used. But, the tissue propagation
speed was, in general, different from 1540 m/s. The er-
rors were assessed against the intercostal tissue thickness
measured with the digital micrometer (accuracy: 10 µm;
Mitutoyo Corp., Kawasaki, Kanagawa, Japan). The atten-
uation coefficient errors ranged between −1.8 and +7.4%,
and the propagation speed errors ranged between −0.02
and +0.45%. These errors were much less than the stan-
dard errors of propagation speed and attenuation coeffi-
cient. Therefore, no correction to the propagation speeds
and attenuation coefficients as determined from the inter-
costal tissue thickness (from the B-mode image) was made.

D. Microscopic Measurement of Layers
of the Intercostal Tissue

The compositional analysis was performed on the in-
tercostal tissues of crossbred pigs that were not included
in this attenuation coefficient/propagation speed study.
Chest walls were obtained from pigs immediately following
euthanasia under anesthesia. They were fixed by immer-
sion in 10% neutral-buffered formalin, processed, decal-
cified, embedded in paraffin, sectioned at 5 µm, stained
with hematoxylin and eosin, and evaluated with light mi-
croscopy. Chest walls were embedded in paraffin with an
orientation such that histologic sections were cut at right
angles to the ribs through four to five ribs. The tissue
between the ribs (intercostal tissue: skin, panniculus mus-
cle, subcutaneous adipose tissue [fat], and intercostal mus-
cle) from the skin surface to the parietal pleura was used
for measurements. A digital image of each intercostal tis-
sue area was obtained using a Nikon Optiphot-2 (Nikon,
Melville, NY) microscope equipped with a 1X objective
and a Sony color video camera (Sony Electronics, Inc., San
Jose, CA). In addition, a digital image of a slide microm-
eter (2-mm total length divided into units of 10 µm) was

Fig. 2. Typical through-transmission (normalized) acoustic pressure
profiles as a function of lateral scanned position for (a) 5-day pig,
(b) 31-day-pig, and (c) 61-day-pig chest walls from which the inter-
costal (between the ribs) tissue location (maximum acoustic pressure
values) is identified, and the attenuation coefficient of the intercostal
tissue is estimated. The location of the ribs is at the minimum acous-
tic pressure values.

obtained with a 1X objective using the same microscopy
system. Using Adobe Photoshop (San Jose, CA), the dig-
ital image of intercostal tissue for each pig chest wall was
overlaid with the digital image of the slide micrometer.
The width of each tissue layer in the intercostal space was
determined in each animal using this procedure.

E. Statistics

The linear regression analysis [27] yielded the ±95%
confidence band for the regression line, the coefficient of
determination, r2, the standard error of regression (SER),
and the standard error of the slope (SES). It is common to
see the attenuation coefficient normalized to frequency (in
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Fig. 3. Regression analyses (linear regression lines ±95% confidence
band for the regression line) of intercostal tissue attenuation coeffi-
cient as a function of frequency for the 15 5-day pigs, 19 31-day pigs,
and 15 61-day pigs from Experiment 1.

dB/cm-MHz) which is the slope term for these regressions,
to which the SES applies.

To test for equality of the three regression lines for
each animal, an analysis of covariance F-test [28] was
performed. The null model constrains the intercepts and
slopes to be equal across different pig ages. The general
model allows for unequal intercepts and slopes for the pig
ages. If not rejected, the null model was used. If it was
rejected, the general model was used.

III. Results

A. Experiment 1

The frequency range for the pig intercostal tissue atten-
uation coefficients was between 3.1 and 9.2 MHz in 0.5-
MHz increments (13 frequencies per tissue sample). For
each chest wall, there were 13 frequencies and hence 13
attenuation coefficient values. Thus, for the 15 5-day pig
chest walls, there were 195 data points (15×13); for the 19
31-day pig chest walls, there were 247 data points (19×13);
and for the 15 61-day pig chest walls, there were 195 data
points (15 × 13) that were used for the linear regression
analyses.

Graphical representation of the frequency-dependent
linear regression analyses is shown in Fig. 3 for the inter-
costal tissue from the chest walls of 15 5-day pigs, 19 31-
day pigs, and 15 61-day pigs. The linear regression equa-
tions for the three curves are:

A = 1.50f + 1.70 15 5-day pigs
frequency range: 3.1–9.2 MHz

n = 195, r2 = 0.55,SER = 2.6,SES = 0.098
A = 1.61f − 0.30 19 31-day pigs

frequency range: 3.1–9.2 MHz

n = 247, r2 = 0.64,SER = 2.3,SES = 0.077

A = 1.59f + 0.51 15 61-day pigs
frequency range: 3.1–9.2 MHz

n = 195, r2 = 0.62,SER = 2.3,SES = 0.089,

where the attenuation coefficient (A) is in dB/cm and the
ultrasonic frequency (f) is in MHz.

Comparison of the crossbred pig attenuation coefficients
in the general model [28] for the three pig ages indicates
that the three linear regressions are significantly different
(p < 0.0001). However, combining all of the attenuation co-
efficient data from the 49 crossbred pig chest walls yielded:

A = 1.60f + 0.56 49 pigs frequency range: 3.1–9.2 MHz

n = 637, r2 = 0.59,SER = 2.4,SES = 0.052

A power law fit also was determined for the above three
age-dependent data sets, and are over the 3.1–9.2 MHz
frequency range:

A = 2.39f0.83 r2 = 0.55 15 5-day pigs

A = 1.58f0.98 r2 = 0.62 19 31-day pigs

A = 2.04f0.88 r2 = 0.64 15 61-day pigs.

Combining all of the attenuation coefficient data from the
49 crossbred pig chest walls yielded:

A = 1.94f0.90 r2 = 0.59 49 pigs

Comparisons of the intercostal tissue attenuation coeffi-
cient (dB/cm-MHz) data for the three pig ages were per-
formed at the discrete frequencies of 3.1, 6.2 and 9.2 MHz
for each age group (Fig. 4). Table I lists the attenuation
coefficient at the discrete frequencies of 3.1, 4.6, 6.2, 7.6,
and 9.2 MHz for each age group. A single-factor Analysis
of Variance (ANOVA) indicates that, at each of the five
frequencies, there is no statistically significant difference as
a function of pig age. Because there was no age-dependent
difference, the results were combined to yield overall mean
(SEM, n = 49) attenuation coefficients (dB/cm-MHz) of:
2.02 (0.082) at 3.1 MHz, 1.62 (0.059) at 4.6 MHz, 1.59
(0.054) at 6.2 MHz, 1.65 (0.052) at 7.6 MHz, and 1.66
(0.048) at 9.2 MHz. However, there were significant differ-
ences (single-factor ANOVA) of the same pig at the five
frequencies, as the power-law dependencies on frequency
reported above would lead us to expect.

Propagation speeds as a function of pig age are shown
in Fig. 5. The mean (SEM) propagation speeds (m/s) are
for the 5-day pigs 1493 (14), for the 31-day pigs 1568 (11),
and for the 61-day pigs 1586 (12). A single-factor ANOVA
showed that there was a statistically significant difference
as a function of pig age (p < 0.0001). Furthermore, there
were significant differences (two-tail, two-sample t-test as-
suming unequal variances) between the 5-day pigs and 31-
day pigs (p-value = 0.0002) and between the 5-day pigs
and 61-day pigs (p-value < 0.0001), whereas there was no
significant difference between the 31-day pigs and 61-day
pigs (p-value = 0.29).
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TABLE I
Mean (Standard Error of the Mean) Attenuation Coefficient Values of Intercostal Tissue as a Function of Age and

Ultrasonic Frequency from Crossbred Pigs.
∗

Attenuation coefficient (dB/cm=MHz) Age-dependent
5-day pigs 31-day pigs 61-day pigs p-value

@3.1 MHz 2.21 (0.19) 1.81 (0.10) 2.09 (0.12) 0.11
@4.6 MHz 1.83 (0.13) 1.47 (0.079) 1.61 (0.092) 0.061
@6.2 MHz 1.73 (0.11) 1.48 (0.081) 1.59 (0.092) 0.16
@7.6 MHz 1.72 (0.09) 1.58 (0.083) 1.66 (0.096) 0.57
@9.2 MHz 1.73 (0.092) 1.60 (0.076) 1.68 (0.086) 0.49
Frequency-dependent p-value 0.038 0.048 0.003

∗The age-dependent p-values listed are for the age-dependent rows and the frequency-dependent p-values
listed are for the frequency-dependent columns where n = 15 for the 5-day pigs, n = 19 for the 31-day pigs,
and n = 15 for the 61-day pigs.

Fig. 4. Intercostal tissue mean attenuation coefficients as a function
of pig age at three frequencies (3.1, 6.2, and 9.2 MHz) for the 15
5-day pigs, 19 31-day pigs, and 15 61-day pigs from Experiment 1.
Error bars are SEMs.

Fig. 5. Intercostal tissue mean propagation speed as a function of pig
age for the 15 5-day pigs, 19 31-day pigs, and 15 61-day pigs from
Experiment 1. Error bars are SEMs.

Fig. 6. Intercostal tissue mean attenuation coefficients at day-1 pm
versus the intercostal tissue mean attenuation coefficients at day-108
pm for the same five 5-day-pig chest-wall samples for Experiment
2. Each data point represents one of the 13 frequencies; frequency
increases from lower left (3.1 MHz) to upper right (9.2 MHz). The
straight line has a slope of unity. Error bars are SEMs.

B. Experiment 2

The same five pig chest-wall samples were evaluated at
two time points (day 1 and day 108 pm) to determine if
there was an effect of the length of storage time on the
intercostal tissue attenuation coefficient and propagation
speed. These five chest-wall samples were from Experiment
1. The attenuation coefficient was essentially unchanged
between the two time points (Fig. 6) whereas there was
a significant difference in the propagation speed between
the two time points pm (Fig. 7).

C. Compositional Analysis

The compositional analysis was performed for the inter-
costal tissues of 41 crossbred pigs. None of these chest walls
were included in this attenuation coefficient/propagation
speed study because it had not been determined that com-
positional analysis might be important until the lung hem-
orrhage data [22] and chest-wall properties had been ini-
tially evaluated. The ranges of the pig ages were: 4 to 5
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Fig. 7. Intercostal tissue mean propagation speed at day-1 pm and
at day-108 pm for the same five 5-day-pig chest-wall samples for
Experiment 2. Error bars are SEMs.

days (4.5±0.2-mm intercostal tissue thickness, 3.4±0.1-kg
weight, n = 15); 27 to 30 days (12.2±0.5-mm intercostal
tissue thickness, 8.8±0.2-kg weight, n = 13); and 58 to 62
days (17.4±0.5-mm intercostal tissue thickness, 20±0.7-kg
weight, n = 13). These ages approximately matched the
ages from Experiment 1. The percentages of skin, fat and
muscle are shown in Fig. 8(a) for all 41 intercostal tissues,
grouped by pig age and ordered in each age group by in-
creased age. Fig. 8(b) shows the mean percentages of skin,
fat, and muscle for each age group, and includes similar
data for 6- to 7-week-old ICR mice and 10- to 11-week-
old Sprague-Dawley (SD) rats (both species from Harlan
Laboratories, Indianapolis, IN).

IV. Discussion

The purpose of determining the acoustic propagation
properties of intercostal tissue is to provide a quantita-
tive basis for estimating acoustic pressure at the lung sur-
face after ultrasound has been transmitted through the
intercostal tissue. There were two important findings. The
attenuation coefficient of intercostal tissue at discrete fre-
quencies is independent of the pig age, and the attenuation
coefficient of intercostal tissue is not affected substantially
by sample storage time pm.

There are no known studies that have examined the at-
tenuation coefficient of intercostal tissue as a function of
the animal’s age. There are, however, two separate reports
that document the chest-wall attenuation coefficient of 1-
day-old [20] and 10-day-old [21] crossbred pigs. In both
reports, by the same research group, approximately the
same attenuation coefficient is reported for both ages at
a frequency of 2.3 MHz. For the 1-day-old pig intercostal
tissues, the attenuation coefficient is reported to be 3.0–
3.4 dB/cm (or 1.3–1.5 dB/cm-MHz; two samples), and for
the 10-day-old pig intercostal tissues, the attenuation co-
efficient is reported to be 2.9 dB/cm (or 1.2 dB/cm-MHz;
nine samples). These intercostal tissue attenuation coeffi-
cient values are about the same as those reported for adult
ICR mice and SD rats of 1.1 dB/cm-MHz (2–8 MHz) [24].

Fig. 8. (a) Intercostal tissue compositional analyses (skin, fat, and
muscle) for each of 41 samples as a function of pig age. Within each
age bracket, the compositional analyses are arranged by increasing
age. (b) Mean percentages of skin, fat, and muscle of the intercostal
tissue from 15 4- to 5-day-old crossbred pigs, 13 27- to 30-day-old
crossbred pigs, 13 58- to 62-day-old crossbred pigs, 6- to 7-week-old
ICR mice, and 10- to 11-week-old Sprague-Dawley rats. Error bars
are SEMs.

Furthermore, they are about half those reported herein
for crossbred pig intercostal tissue of 2.21 dB/cm-MHz (at
3.1 MHz) for the 5-day crossbred pigs. Our comparisons
are with the discrete-frequency attenuation coefficient be-
cause the other group’s results are likewise at discrete fre-
quencies. We have no explanation as to why our intercostal
tissue attenuation coefficients reported herein for the three
ages of pigs are different from those reported by another
research group [20], [21].

In order to understand why pig intercostal tissue at-
tenuation coefficients were different from mice and rats
(using the same measurement and analysis procedures),
the tissue constituents were determined. Intercostal tis-
sue is composed of different tissue types (skin, adipose tis-
sue [fat], intercostal muscle). Previously [24], we reported
the following percentages (mean) of intercostal tissue con-
stituents for ICR mice and SD rats, respectively: 19% and
27% for skin, 13% and 12% for fat, and 68% and 61%
for muscle. Herein we report the following percentages
(mean) of intercostal tissue constituents for 5-day, 31-day,
and 61-day crossbred pigs, respectively: 21%, 10%, and
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15% for skin; 24%, 37%, and 19% for fat; and 54%, 52%,
and 66% for muscle. In general, the percentages of skin,
fat, and muscle were similar for the three species (Fig. 8)
with an interesting exception. Fat concentration is greater
than skin concentration in pigs; fat concentration is less
than skin concentration in rodents. There was some vari-
ation in the percentages of intercostal tissue constituents
for the three pig ages, even though their attenuation co-
efficients were the same. Furthermore, the mouse and rat
tissue constituent variation fell within the ranges of the pig
constituent variation, even though their intercostal tissue
attenuation coefficients were quite different from those of
the pigs. Thus, the constituent variation seemed to have
little, if any, effect on the attenuation coefficient. It might
be speculated that the attenuation coefficient differences
of intercostal tissue between pig and the two rodent species
are due to the distribution of tissue constituents, not the
concentration of each constituent.

The intercostal tissue propagation speed from 5-day
pigs is considerably less than that from 31-day and 61-
day pigs (Fig. 5). Skin is thought of as having a higher
propagation speed than muscle [29]–[33]; fat is thought of
as having a lower propagation speed than muscle [29]–[31],
[34]. The variation of tissue constituents does not explain
the measured differences (Fig. 8).

Sample storage time pm did not appear to substantially
affect the intercostal tissue attenuation coefficient in cross-
bred pigs. There was an interesting finding that, at the
highest frequencies measured, the attenuation coefficient
at 108-day pm was greater than that at 1-day pm; it can
be speculated only that the 108-day pm changes in tissue
are more sensitive at the higher frequencies than at the
lower frequencies. Otherwise, the finding that sample stor-
age time pm did not affect the attenuation coefficient is
consistent with our previous finding that sample storage
time pm did not affect the intercostal tissue attenuation
coefficient in adult mice and rats [24].
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