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Abstract

Studying cast microvasculature with scanning
electron microscopy expands our knowledge of many
circulations but need arises to determine the blood source
of vascular bedsthat are supplied by two circulations. One
way to do thisisto mark the casting resin by adding atracer
compound that can be detected in the scanning electron
microscope. A potential method of distinguishing different
substancesisto detect the backscattered electrons that are
emitted from thetracer, if thetracer isaheavier element, as
heavier elements backscatter more electrons. To explore
different tracers, wetested lead, titanium, iron, osmium, and
uranium as solutions of different polarity and powders. The
tracers were added to 1 ml of methyl methacrylate in log
concentrations. Shrinkage, hardness, cast quality, and
change in brightness from the tracer were compared with
multivariate analysis at scanning electron microscopic
working distances of 15 and 39 mm on carbon coated and
uncoated specimens. Several concentrations caused
sedimentation of the tracer and prevented the resin from
solidifying. Tetraethyl lead shortened the hardening time;
uranyl acetate and osmium tetroxide prolonged it. Most
tracers decreased shrinkage. When lead citrate and
Reynold’s solutions were removed, the brightness was
correlated with increasing atomic number, concentration of
the tracer, and mean atomic number of the specimen (p <
0.0001). The substancesthat increased contrast most were
tetraethyl lead and uranium. Backscattering electron
detection can distinguish methacrylate caststhat have small
amounts of heavier elements added to them, but an optimal
tracer has not yet been established.
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Introduction

Studying cast microvasculature with scanning
electron microscopy has greatly expanded our knowledge
of many circulations[2, 11]. Methyl methecrylate, asynthetic
polymer developed in the thirties, was first used by T.
Murakami [12] as a casting material for scanning electron
microscopy in1971. Itsrelative sturdinessunder the electron
beam has given us many insights into the structure and
function of microvascular beds[9]. Thethree-dimensional
view and large sample areas allow the studying of many
vascular circumstances, but a problem not yet resolved is
defining flow patterns of vascular beds supplied by two
circulations. Our problem arose from the desire to study
the dual blood supply of the lung and distinguish casts of
the bronchial and pulmonary circul ations with the electron
microscope. With gross and subgross anatomy, we can
use different colored casting material [15] but the world of
electron microscopy is black and white, so we sought to
find away to label different casting resinsfor thismedium.
Wefirst wanted to determine what to add and how it would
effect the casting. The method tested here was backscatter
electron imaging of castswith traces of different elements.

As the atomic number of an element increases, the
number of electrons that are backscattered by the incident
electron beam proportionately increases. The backscattered
electrons give a brighter electron image to the higher
numbered elements, which was our rationale for adding
heavier elementsto theresin[1, 3]. We wanted a cast that
would be distinguishable when filled by two connecting
vascular beds. Wewanted the tracer to bereadily available,
relatively inexpensive, and proficient at backscattering. We
sought to determine if the tracer would enhance scanning
€lectron microscopic brightnesswithout altering the surface
features, replicating ability, and hardening time (Table 1).
We sought to select an element, aform, a concentration, a
physical state, and an amount of the material that could be
added to the methacrylate, which is the standard casting
material. We also wanted to quantify the backscattered
electron intensity to help determine which tracer was the
best. Thelatter isnot an easy task because several factors
affect the brightness of the backscattered electron signal
[7.9].
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Table 1. Desired properties of atracer added to a casting
resin.

1 Casts with an ideal tracer should be easily
differentiated from those without one.

2 The tracer should not change physical properties
of the resin, such as viscosity, hardness, or dura-
bility.

3 Theadded chemical should mix completely and be
distributed evenly throughout the resin.

4, The tracer should not alter the polymerization
process or produce shrinkage.

5 The tracer should not alter the cast’s ability to

replicate structures, affect its surface, or leave
sediments or precipitants.

7. The tracer should be easy to prepare.

8 Thetracer should be inexpensive.

9. The tracer should be nontoxic.

10. The tracer should discriminate without regard to
surface coating of the cast.

We added lead (atomic number 82, weight 207),
titanium (atomic number 22, weight 48), iron (atomic number
26, weight 56), osmium (atomic number 76, weight 190), and
uranium (atomic number 92, weight 238), as solutions and
powdersto methyl methacrylateinlog concentrations(Table
2). In addition, we sampled the specimens at an electron
microscopic working distance of 15 and 39 mm and with
carbon coated and uncoated specimens, aswe thought that
these factors may make a difference in the backscatter
electron intensity.

Materialsand M ethods

Theresintested was colorless, partialy polymerized,
methyl methacrylate (Mercox, Ladd Industries, Burlington,
VT) for all studies. To test different physical states, we
selected a solution, powder, and organic form of lead, as
Reynold'ssolution, lead citrate crystals, and tetraethyl lead,
respectively, in different log concentrations. Osmium
tetroxide was used as a 1% agueous solution. Titanium
dioxide and iron oxide (Jensen Souders Associates, Itasca,
IL) weretested in powder formsand uranium wastested as
both a powder (uranyl magnesium acetate) and solution
(2% aqueous uranyl acetate) (Ted Pellalnc, Redding, CA).
The iron oxide was a paint pigment, called yellow oxide,
whichisat least 86% ferric oxideinahydrated form. Osmium
tetroxide was obtained from SPI supplies (West Chester,
PA). The other chemicals were obtained from Sigma (St.
Louis, MO).

To make Reynold’s solution, 1.33 g of lead nitrate
and 1.76 g of sodium citrateweredissolvedin 30 ml of boiled,

cooled, distilled water. We let the solution stand for 30
minutes to complete the formation of the lead citrate. The
resulting cloudy solution was cleared by adding 8 ml of 1N
sodium hydroxide. Wethen diluted it with 50 ml of distilled
water to completethe stock solution. ThisReynold’s stock
solution was further diluted 1:10 and 1:100 with distilled
weter.

To each of three microcentrifuge tubeswereadded 1
ml of methyl methacrylate and one of thefollowing: nothing
(additional methacrylate control), Reynold’s stock solution,
0.001ml,0.01ml,0.2ml,0.2ml, or L ml or 0.1 ml of 1:100 or
1:10 of diluted stock solution, or lead citrate powder 0.001
mg, 0.01 mg, 0.1 mg, 0.1 mg, 1 mg, and 10mg. For the0.001
mg and 0.01 mg concentrations, 0.1 mg of lead citrate was
diluted 10- and 100-fold with methacrylate. The amounts of
liquid tetraethyl lead added were 0.001 ml, 0.01ml, 0.1 ml,
and 1 ml. The 1% agueous osmium tetroxide used 0.001 ml,
0.01 ml, and 0.1 ml. The amounts of powdered titanium
dioxide, iron oxide, and uranyl magnesium acetate were 10
mg each. Theamounts of 2% aqueous urany| acetate added
was0.001ml,0.01ml,and 0.1 ml.

Each tube containing the methacrylate and tracer
was vortexed for 15 seconds, and the polymerization
initiator, 0.1 ml 55% benzoyl peroxide, was added. The
solution was again vortexed for 15 seconds. We placed a
drop of the mixture on an aluminum stud. For control, we
placed adrop of methyl methacrylate (with initiator) next to
it. We examined the drops with a dissecting and scanning
electron microscope for surface abnormalities, such as
particles and plasticizing defects.

To measure shrinkage, the material was drawn into
the stem of aPasteur pipette. Both endsof thefluid column
were marked and measured. The column was measured
again after 24 hours. The percentage of shrinkage wasone,
minus the final length divided by the initial length, times
100.

After adding the initiator, a stop watch was started
and the solution in the microcentrifuge tube was mixed by
continuous agitation with awooden applicator. Thetimeat
which the mixture first separated from the wall of the tube
wasthefirst hardening time. The cast wasthen removed
from the tube and probed with asharp, wooden, round tooth
pick until it could not penetrate the cast, which was the
second har deningtime.

To determine the difference in electron
backscattering between the test and control samples, we
placed thestudsinaJEOL (Tokyo, Japan) JSM 35C scanning
electron microscope with an accel erating voltage of 39 kV,
final aperture of 200 um, 0° tilt, and load current of about 100
MA. The backscatter electron detecting device was an
overhead scintillator photomultiplier detector designed for
the JEOL JSM35-C by Dr. Robert Becker, Department of
Anatomy and Cell Biology, University of Illinoisat Chicago
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Figurel. Thebrightnesswas
measured from the amplitude-
modulation line scan with the
Rapid-2 setting. It has six
horizontal parallel lineseach 7
mm apart. With the electron
beam on methacrylate control,
we fixed the bottom of the
broad wave (which ignored
spikes) on the bottom line of
the scale. By turning the
contrast adjustment, we set the
upper part of the broad wave
(againignoring spikes) 2lines
abovethe base, giving arange
of 14 mm. Wethen shifted the
stage so that thetest drop came
under the beam without
altering any setting and
recorded Similar measurements

[4]. We used low magnification (100 X) to obtain alarge
field and avoided areas where el ectron charging occurred.
We measured the brightnessfrom the amplitude-modul ation
line scan with the Rapid-2 setting (Fig. 1). Thisscalehassix
horizontal parallel lineseach 7 mm apart. Withthe electron
beam on the control methacrylate, we fixed the bottom of
the broad wave (which ignored spikes) on the bottom line
of the scale. By turning the contrast and brightness
adjustments, we set the upper part of the broad wave (again
ignoring spikes) two lines above the base giving arange of
14 mm. We also measured the range of spikes that went
above the broad waves. The range of both the waves and
spikes were measured in millimeters. We then shifted the
stage so that the test drop came under the beam without
altering any setting and recorded similar measurements.
Three measurements from different locations on each drop
weretaken. If charging occurred, another areawas sampled.

Totest different working distances, all lead samples
were examined, both coated and uncoated, at 39 mm, and
half were examined again at the 15 mm working distance.
The other specimens were measured only at 15 mm. The
specimens were coated with carbon, about 10 nm thick
(Edwards E306A Coating Unit, Edwards High Vacuum
International, Wilmington, MA). We measured the
brightness first with the control close to the backscattered
electron detector (position 1) and then rotated the stud 180°
sothat thetest sample was closer to the backscatter detector
(position 2).

Each tracer and concentration was evaluated in
random order determined by arandom-number table. The
following factors were analyzed: the element, the atomic
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number and weight of the element, the physical form, the
amount of the solvent used, the molar concentration of the
tracer per unit of methacrylate, and the mean atomic number
of the specimen (Table 2). Brightness was determined by
subtracting the range of the broad wave for the control
samples from the test samples with the stud in both
positions. Results from the two positions were totaled to
give a final brightness score. We did not use the wave
spikes because they often resulted from electron charging
artifact. We ran amultivariate analysis on a Dell Pentium
microcomputer with SAS for Windows software, version
6.03 (SASIngt., Cary, NC).

Results

M acr oscopic cast appear ance, har deningtimes, and
shrinkage

The undiluted Reynold’'s solution at 1.0 ml
precipitated and separated from the rest of the resin. The
fluid column in the pipette showed alternating areas of water
and methacrylate. It could not be used for casting.
Precipitation occurred in all Reynold’s mixtures, although
those in the lower concentrations could only be detected
with electron microscopy. The Reynold's solution at the
1:1 dilution and the 0.1 ml tetraethyl lead did not solidify
well. Thecrystalsof uranyl magnesium acetate sedimented
and significantly affected the casting. The lead citrate
crystals did not dissolve in the methacrylate even in the
lowest concentrations. When 0.1 ml tetraethyl lead was
mixed with 1.0 ml of the methacrylate, the tetraethyl lead
appeared to form a gradient at the bottom despite mixing.
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Table 2. The different groups tested and the mean atomic
of the final product.

Specimen Group  Meanatomic
number
Methyl meth-
acrylatealone* 1 641
Reynold’ ssolution (Pb)
Undiluted
0.001ml 2 641
0.01ml 3 642
01ml 4 6.55
1ml 5 723
Diluted
1:100 6 6.48
1:10 7 6.49
L ead citrate(Pb)
0.001mg 8 6.45
0.01mg 9 6.79
0.1mg 10 1002
1.0mg u 262
10.0mg 12 425
Tetraethyl lead (Pb)
0.001ml 13 6.65
0.01ml 14 7.76
0.1ml 15 1878
Osmium tetroxide (Os)
0.001ml 16 641
0.01ml 17 642
01ml 18 6.54**
Ferrousoxide(Fe)
10mg 19 1928
Titanium dioxide(Ti)
10mg 20 1548
Uranyl acetate (U)
0.001ml 2l 6.46
0.01ml 2 6.93
0.1ml 33 1120
Uranyl magnesium acetate
10mg 24 2589

* All mixtureshad 0.1 ml 55% benzoyl peroxide.
**Thissolution did not mix.

The methacrylate at the top appeared to polymerize first,
with secondary polymerization occurring later inthelower
part of the methacrylate.

The 1% agueous osmium tetroxide mixed with methyl
methacrylate and changed its color to adark brown for the
less concentrated and black for the more concentrated
solutions. The0.1 ml concentration of osmium tetroxidedid
not solidify. Titanium dioxide changed the solution to white
and iron oxide changed the solution to yellow. Both mixed
satisfactorily with theresin.

Adding thetracersto the methacrylate resin changed
the polymerizationtime. Table 3 showsthat tetraethyl lead
shortened the hardening time whereas uranium and osmium
tetroxide prolonged it. These were greatest at the highest
concentrations. Diluting the tracer was correlated with
increased hardening time (r = 0.28, p < 0.01) and shrinkage (r
= 0.16, p < 0.05). Adding tracers generaly decreased
shrinkage, but not in a dose-dependent manner (Table 3).
The mean atomic number was not correlated with any
parameters of polymerization; it was only correlated with
themillimolar concentration of thetracer (r =0.31, p< 0.0001).

Surfacechanges

The specimens appeared smooth under the
dissecting and scanning electron microscopes, but the
plastic made with the Reynold's solutions had brightly
backscattered particles 15 pum to 25 pm in diameter. The
margins of the particles blended into the surrounding
methacrylate. The size of the crystals of lead citrate and
uranyl magnesium acetate varied from 15 pm to more than
100 pm in diameter and had sharply defined margins by
scanning electron microscopy. The other agents were not
associated with particles or other surface changes.

Brightness

Quantifying the brightness was complicated by the
position of the test and control sample with respect to the
backscatter electron detector. The uncoated measurements
were taken in only one position but were similar to the
carbon-coated readings shown in Figure 2. The brightness
was not uniformly distributed, especially inthelead citrate
and Reynold’s solution. Lead citrate crystals were bright
but areas around them were dark and the brightness of the
lead citrate was haphazard because of the crystals. The
tetraethyl lead was brightest near the edge of the droplet.
Because of the heterogenous appearance of the brightness
in the lead citrate and Reynold's plastics, the analysis was
done with and without these groups. With lead citrate and
Reynold’sinthe analysisonly the atomic number (p < 0.05)
and atomic weight (p < 0.05) of the tracers predicted the
backscattered intensity. Without these samples, brightness
was highly correlated with atomic number (p < 0.0001) and
mean atomic number of the entire specimen (p < 0.0001).
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Figure 2. This graph shows the
mean brightness of the different
groups, which arelisted in Table 2.

Physical forms, coating, and working distance

The uranyl magnesium acetate did not dissolvewell.
Thelead citratedissolved poorly and left crystals. Thefine
iron and titanium powder mixed well but small particleswere
detected with the scanning el ectron microscope. Reynold's
solution precipitated when added to the methacrylate. The
amount of fluid used had no affect on the brightness,
although the casts made with Reynold’'s solution had
vacuoles caused by trapped water droplets. The vacuoles
affected the strength of the cast. The solid tracers tended
to give a higher brightness score (8.1) than did the liquid
(4.9) (p < 0.06), when the Reynold's and lead citrate were
not in the analysis. Carbon coating the specimens had no
substantive effect on the brightness but decreased the
electron charging. The brightness from the two working
distances was not significantly different.

Discussion

Anatomists studying vascular corrosion casts with
scanning electron microscopy need to identify injection
sources under the microscope. Our interest has been in
distinguishing the contributions of the bronchial and
pulmonary circulationsat the capillary level. Thebronchia
circulationisimportant in neoplasm, inflammation, and lung
transplantation [6]. Verifying which circulation provides
which part of thelung could beimportant in designing drug-
deivery systemsfor theairway. For example, lung neoplasms
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appeared to be supplied by thebronchia circulation. If this
is true, chemotherapy could be directed through this
circulation to avoid systemic toxicity. Being able to trace
the relative contributions of different sources may be
important in studying the physiology of the lung and other
vascular beds, such at the pituitary and liver, that have a
dual blood supply.

In1979, GM. Roomansgavealist of idea properties
for quantitative analysis standards of thin embedded
sections[13]. Many of the samefeaturesaretrue of tracers
in casts that we listed in Table 1. Roomans stated the
compounds should be organic or organometallic
compounds because mineral salts do not dissolve well in
resins. They should be nonpolar because aqueous
solutions are insoluble. They should be stable under the
electron beam and should not react chemically withtheresin
or havevolatile components- whichisalso good advicefor
workerstrying to establish tracersin casts. We can conclude
from our work that aqueous material isunlikely towork well
with the possible exception of small quantities of reactive
species, such as OsO,. As previous work has shown, the
backscattered electron brightness is proportional to the
mean atomic number of the sample[10]. The exceptionto
this was the lead citrate and Reynold's solution, which, if
included, added so much variation that the correlation of
mean atomic number and backscattered brightness was
obscured. Although this study shows that the concept is
valid, it does not clearly identify the tracer ideal for
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Table 3. Hardening time and shrinkage (standard devia-
tion). Time 1 was the number of minutes required for the
mixtureto separate from thewall of the microcentrifugetube.
Time 2 was the number of minutes at which the wooden
probe could no longer penetrate the cast. Shrinkage was
the percentage of length changein aglass cylinder between
the fresh resin and the solidified plastic at 24 hours.

Specimen Hardening Shrinkage
Timel Time2 (%)
Methacrylate
299(030) 7.35(019) 5.68(245)
Reynold’ssolution
Undiluted
0.001ml 283(051) 7.33(013) 4.21(261)
0.01ml 274(035) 6.63(058) 3.33(0.67)
0aml 291(043) 7.60(045 6.25(1.56)
Iml Did not harden
0.1 ml diluted
1:100 324(026) 952(267) 284(0.15)
1.10 299(0.35) 7.71(044) 556(3.90)
Lead Citrate
000lmg 278(050) 7.27(093) 3.44(0.70)
0.01mg 281(039) 657(110) 3.69(0.80)
0.1mg 268(0.35) 697(0.39 250(1.21)
1.0mg 261(029) 7.27(005 270(0.33)
10.0mg 295(039) 697(059 4.89(252
Tetraethyl lead
0.001ml 196(034) 6.30(0.73) 176(0.21)
0.01ml 149(007) 4.29(0.16) 223(0.16)
01ml Did not harden
Osmium tetroxide
0.001ml 487(043) 853(0.35) 290(0.73)
0.01ml 7.77(093) 14.00(150) 3.72(2.99
Ferrousoxide
10mg 451(0.37) 843(0.74) 292(0.72)
Titanium dioxide
10mg 476(058) 849(0.61) 3.03(4.50)
Uranyl acetate
0.001ml 460(053) 767(048) 6.28(1L09)
0.01ml 503(110) 9.20(146) 5.86(0.92)
0aml 908(269) 1235(232) 9.73(1.56)
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distinguishing different methacrylate casts.

Although small particles could be a marker
themselves, they may alter the appearance of the structure
of whichreplicationisdesired, obscure microvascular filling,
and detract from the el ectron microscopicimage. Non-polar
solutions combine better with methacrylate than polar
compounds, but neither pure polar compounds, such as
water, or pure nonpolar compounds, such as emersion ail,
combine adequately in high proportions. With polar
solutions, the sedimentation and precipitation appear to be
related to the concentration of the tracer and the total amount
of water added. Coating the specimen with carbon did not
attenuate the backscatter electron detection and prevented
electron charging that would frequently make certain fields
unusable. We found no statistical difference in contrast
between the test and control samples when measured at 15
mm and 39 mm working distances, but the comparison was
done only for lead, which had considerable inconstancy,
especially with thelead citrate.

Lead citrate mixed poorly with methacrylate and
sedimented causing apoor rel ationship between brightness,
which was erratic, and concentration. Precipitated lead
citrate crystalswerelarge enough to interfere with capillary
filling. Although the precipitation that occurred with the
Reynold's solution was dependent on the concentration,
even the lower concentrations had inhomogeneous
brightness, which makes it a poor candidate to be atracer.
Homogeneous distribution of the element throughout the
resinisan essential quality of agood tracer [13]. Tetraethyl
lead was the best form of lead tested, giving a good cast
with no precipitation. Thetetraethyl lead probably reacted
with the benzoyl peroxide and methacrylate, because it
shortened polymerization time and appeared to increase
exothermicity. The backscattering brightness was the
highest with tetraethyl lead, but there are several drawbacks
to the use of the agent. The backscatter signal was
inhomogeneous, perhaps reflecting an affect on the
polymerization process. Tetraethyl lead is toxic and
expensive. Thistoxicity and that of osmium may limit their
usefulness. In addition to the hazards of preparing the
samples, theremay bevolatilization of these elementsunder
the electron beam, although we did not study this question.
Another potential problem not addressed is that the
backscattering signal may change with prolonged electron
exposure[5, 16, 18].

Titanium and iron are lighter elements that gave
weaker backscattering but satisfactory casts. Their
affordability, availability, and lack of toxicity should earn
them aplacein in vivo studies, but they are unlikely to be
the ideal agents. The backscattered brightness of uranyl
acetate was good, but not as good as the tetraethyl lead,
and uranyl magnesium acetate in the concentration wetried
had casting problems. Osmium tetroxide enhanced
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brightness. It is a reactive species that may chemically
interact with the methacrylate and benzoyl peroxide. We
used the 39 kV accelerating voltage to obtain maximal
backscattering, which isahigher voltage than iscommonly
used for viewing methacrylate casts. With our system, this
voltage has given the best backscatter electron
discrimination [14].

Although our concernwas not with the quantification
of the tracer, there no doubt will be areas where both
circulations contributeto the cast which will causeagradient
of thetracer. Theseareas may pose problemsfor backscatter
electron imaging unless a quantification is obtained. For
thisreason, energy dispersive X-ray analysismay be abetter
tool than backscatter electron imaging. X-ray energy is
easily measured and could give a quantification of the
contribution of the blood flow to precise capillaries under
certain conditions.

In summary, it appears that tetraethyl lead, at a
concentration of between 0.001 and 0.01 ml per ml of
methacrylate and 2% uranyl acetate at a concentration of
0.01 ml per ml of methacrylate were the best candidates to
be added to methyl methacrylate to enhance backscattering
electron imaging contrast, but much more must be done to
develop the standard. The oxides of osmium, iron, and
titanium were a so reasonable choices. Reynold'slead and
lead citrate powder are unsuitable. The working distance
does not appear to matter. The specimens should be coated
with carbon to decrease charging. Other methods, both
physical and chemical, may be superior to backscattering
and should be tested. Energy dispersive X-ray analysis
might differentiate casts if the appropriate elements are
added. It hasthe advantage of identifying lighter elements
but it isslower.
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Discussion with Reviewers

A.Lametschwandter: For practical work and obtaining good
casting of vascular beds the viscosity of the medium is
important. 1t would beinteresting to know how the different
additives and their various concentrations affect the
viscosity of the Mercox.

Authors: Weagreethat it would beinteresting to know, but
we did not measure the viscosity of any compounds. A.
Spurr many yearsago did considerablework on the physical
properties of resin with additives[17], but did not use the
same additivesaswedid. Asyou know, however, oncethe
accelerator isadded, the viscosity increases|ogarithmically
with time so that the viscosity measured before adding the
catalyst is not the viscosity of the resin being injected.

A.Lametschwandter: Youindicatethat thesize of thecrys
tals of lead citrate and uranyl magnesium acetate ranged
from 15 pm to greater than 100 um in diameter, and you
suggest they would interfere with capillary filling. Could
you comment on capillary filling with Mercox with additives?
Authors: This study was entirely in vitro. Our next step
will betotry injecting it into lungs.

S. Aharingjad: When we cast lung via the caudal vena
cavaor even aorta, we cast part of the bronchial circulation
showing thesetwo circulations are connected to each other.
| believethese connectionsare at the capillary level asdoes
Dr. Schraufnagel [15]. Since methyl methacrylate passes
through capillaries, theresin carrying thetracer would then
be delivered to both the pulmonary and bronchial circulation.
Would not this be a problem?

Authors: Although our goal is to establish a tracer for
detecting the suppliesof different circulations, therewill be
boundary areas with agradient of the tracer and there will,
no doubt, be different conditionswhere one circulation will
supplies a vascular bed more than the usual conditions.
Developing a tracer will help answer these physiological
questions.

S. Aharingjad: Have you ever tried using a low-voltage,
high-resolution scanning electron microscope to observe
your resin mixed with atracer?

Authors: No.
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J.L.Abraham: Other fillers such as barium, tungsten, or
tantalum might betried also. Tantalum, for example, isused
clinically as aradio-opacifying additive to acrylic plastics
used in surgery. Would the authors discuss the theory of
solubility of methacrylate with other materialsand provide
references?

Authors. We agreethat many different material canbetried,
and the ones mentioned are common around medical
environments. Methyl methacrylateissolublein non-polar
reagents and rather insoluble in polar solvents making
aqueous preparations less useful. Spurr has done
considerable work on this topic [17] and Roomans [13]
concluded that organic or organometallic compounds make
the best additives because of thelack of solubility of mineral
salts and agueous solutions. Tetraethyl lead mixes well
with methacrylate but may form a sedimentation gradient
although this was not studied beyond simple observation.

J.L.Abraham: Regarding working distances, why should
the brightness not be different for different working
distances? The solid angle of the backscatter detector
should make this different at different working distances.
Was some adjustment or normalizing done at the two
working distance levels? How was specimen current
controlled?Would not the specimen current vary from one
working distance to another? In theory, there should be
one-fourth the signal detected if the working distance is
doubled.

Authors: Theworking distance should affect backscattered
electron brightness which is why we tested this variable,
but we compared only the difference between the control
and test sample at the different working distances. We set
the control baseline and kept all settings the same as we
went to the test sample. We made no further adjustments
for specimen current. The differencesbetween control and
test samples did not depend on working distance.

J.L.Abraham: The particular nature of the heavy metals
might beimportant depending on the diameter of thevessels
perfused. Do the authors have comments about the
importance of particle size depending on different diameter
vessels which they cast?

Authors: For this study our desired product was not to
have particlesat all because of the possihility of interfering
with filling and detracting form the secondary image.
However, small particles (e.g., 2-3 um) might not interfere
muchwith filling and could differentiate the vascular sources
without need of backscatter imaging. Itis clear that much
more work needsto be done.

P.Motta: Didyou apply your techniqueto an organ model ?
If so, were you actually able to characterize two different
vascular beds supplying the same organ? In addition, could



Tracersin vascular casiting resins

this technique be applied to differentiate the blood supply
of vascular structures such as arteriovenous anastomoses?
Authors. We havenot yet applied thisto an animal model,
but we hope that it also will aid in understanding the
vascular sources of arteriovenous anastomoses under
variousfilling conditions.

639



