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Abstract

Clinical Xray examinations sometimes require patients to remain still for over an hour. A common pati
complaint is that Xay examination tables are unfortable specifically they are too hard and too cold. Patient
discomfort is undesirable because an uncomfortable patient is more prone to moving during a long proce
The objective of the client and our team is to create a device that can premtdsopdort while at the same
time preserving patient safety and radiolucency. The focus of our work is to create a device to modify the ct
hard laminate surface of theray table through the addition afpadand heat. Our team designed and
constrected an Xray table heating pad composed of polyethylene padding, a particle board and polyethy!
tubing conduit, and a heating elenreseries with pump. Despite modeling the expected radiolucency, testing
showed that our prototype did raddequatglmeet the radiolucency design critienizca commercially viable
product Therefore, future work entails researching alternatives to the polyethylene and particle board tu

conduit.

Problem Motivation

A common patient complaint is thata¢ examinatn tables are uncomfortable, i.e. they are too cold and
hard. Patient discomfort is a problem because during long procedures a patient may be more prone to m
uncomfortable. Patient movement during ingedpes not allow proper image acquisit@movement will

distort the image, making it difficult for effective and accurate diagnosis

Background

Diagnostic Use of Xrays

X-rays are short wavelength electromagnetic waves produced wineovifagtelectrons collide with

substances in their path-rays are similar tosiblelight rays except that thiegivel/10,000 thevavelength
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(Tsai, 2004). The short wavelength-ody$ allows them to penetrate very dense substances to produce imag
or converselyghadowsthat can be recorded on photograpiim (Tsai, 2004) or digitally.-ra§ imaging is
useful diagnostically becadsasitydifferences between various body structures produce images of varyin
intensity, light and dark, on tReray film (Tsai, 2004). Dense structures appear whitejrditldcaor low
density areas of the body appear darker or black.

A simplified diagram of aX-ray system is shown beldwigure 1). Grids reject unwanted rays while
phosphor screens emit many light photons for>¢aakiphoton, thus assisting in ttentrast of the image and
the darkening of the photographic film, respectively (Tsai, 2004)}rayseaXe scattered in all directions from
the source butin orderto prevent harm to the patient and technicaanwell agcrease resolutipthey are
directed by a collimatoiThecollimator directs the emissism that only the Xaysused to make the image are
passed. Harmful low energy Xay s t hat are not capable of passin
aluminum filter. Electrons are eletated at +100 kV from the heated filament to the tungsten anode,

consequently emittingrdys (Tsai, 2004).

3 x-ray tube

Al filter » yR A ]

Body

Primary :
radiation Secondary
% radiation
/| ~ )
i We— Grid
Film — 777 4\‘{" — Screens
T

Figure 1 Simplified Xray system diagram.
(Webster, 1998)

In medicine, Xays have primarieenused to image the anatomy of the body. One of the most

common uses of-Kay imaging is ithhe diagnosis of skeletal pathologies. According to our client, Lanee Maclec
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the duration of a procedure can last froememinutes to more than an hour. To preserve the integrity of the

image it is necessary for the patient to remain still sho@igeacquisition.

Current X-ray Examination Table

The examination table we are working with is shown beffoguie2.

Figure 2 Continental Xay Corporation
0Cl assic-Weye¥FabahgT4e
(wwwadvanceimaging.net)

The exam table isgeneric widely available model that is commonly used by rayyfacilities The
table has a hard laminateface where the patient lies during a procedure. Along the edges of the hard lamin
surface are metal guide rails available for the attachment of medical instrumentation.

The top of the table is 2.2 m long and .8 m inches wide. The table toplé afapwving 1.14 m
verticallyand 0.25 m transversely. The height of the table top is adjustable from 0.55 m at its lowest to 0.84
its highest. The maximum patient weight as specified by the manufacturer is 158 kg. The standby heat I

the tdleis 844 kilgoulesper hour.

X-ray Attenuation

Sources oK-ray attenuatioare animportantconsiderationn the design and construction of a heated
radiological examination table because the attenuation of the materials within the p&ttaysf ey affect

the contrast of aX-ray image. However, for all practical purposes, the fluid flow and temperature will ha
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little to no effect oiX-ray attenuation and can therefore be ignviette(, J. Personal interview. 3/2/09 his
leaves the tubg, padding, and backboard as the only components of the design where the attenuation mus
evaluated.

X-rayattenuation is characterized by the linear attenuation coefficient (1) and relates to the radiolucen
radiopaqueness of a material. Thariattenuation coefficient is a property of the mat&eaderally, materials
composed of atoms with high atomic numbers will attenuate more than materials composed of atoms with
atomic numbersA material that attenuates less will producditactiof smaller magnitude in the resulting X
ray image.

The attenuation of a materi al I's more often ct
simply the linear attenuation coefficient (i) divided by the density of the hgterial ( An i mpor t ar
examining the mass attenuation coefficient is noting that it is dependent on photoRigure®)y. (Also, a
typical photon energy range for diagno&tiay imaging is between 12.4 and 124 keV (Links, 2005) which is

indicatedin Figure3.

Photon Energy vs. Mass Attenuation Coefficient

0?

1
wp
(ecm?/g)

10"

Red-Cortical Bone
Blue-Water
Green-Polvethvlene

-3 1072 107" 10° 10’ 10?
Photon Energy (MeV)

Figure 38 Mass Attenuation Depends on
Photon Energy

Upon examination of the mass attenuation vs. photon energy giéighser8 it becomes apparent that
cortical bonédnasa discontinuity in its curve around?RleV. Thisdiscontinuity is often cadl the kedge or

absorption edge. The-édge represents the photoelectric absorption of photons by the lead atom. Th
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phenomenon is essentially the photoelectric effect and explains why lead is usetttaylobkreaX-rays
readily pass througimedium such as aim other words, the 4€dge is responsible for the radiopaqueness of a
material. Therefore, using materials that laclke@g& is essential for the success of a heated radiologic
examination table.

The materials being used for thedegadiologic examination taflest not onlyack a kedge to prevent
radiopaquenedsyt alsoattenuatén such a wathat producga uniform loss in intensity of the incid&ntay
beam across the entire imaggttér, J. Personal interview. 3/2/08 uniform loss in intensity prevents any of
the materials used from appearing ixXth@&yimage due to differences in contrast.

The percent loss of intensity of the incidémtly beam can be calculated udtggationl. What is
important to note fronthisequatioris that the percent loss of intensity of the incilealybeam is dependent
on three different factgrhie mass attenuation coefficiéim thickness, and density of the material. Therefore,
assuming different materials will be presihin the imaging area of drray, the densities and thicknesses of
the various materials can be adjusted such that the percent loss of intensity of theragisarh is nearly
uniform across the imaging area. This adjustment will thus elimyraftéha materials from appearing in the

X-rayimage due to differences in contrast.

[1 . (;H ool (B e

[1 - (fi]] -100= Percent loss of intensity of the incidémaybeam

o

Equation 1
(Links, 2005)

bl

(W/}) = Mass attenuation coefficient
ax =Thickness of the material
} =Density of the material
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Client ds RelesignCenstraims s &

The application of our device for useXinay or radiology procedures creates several limitations on our
design. Sewarrequirements and design constraints have been developed by our client, in addition our tean
developed several of its own, and these are listed below.

Radiolucency: The most important constraint on our design is radiol@andgvice must beniformly
radiolucent. Contrast introduced into an image could render it useless in the diagnosis of certain pathologi
possibly lead to the improper diagnosis of a certain disease state. When considering our design we must ¢
how specific mater&aX-ray energiesndconfigurationsvill affect the imageThe design and development of
the device will largely depend on the radiolucency of materials available.

Patient Safety:Patient safety iery important We must identify and eliminate thesptiéal for patient
burns or fluid leaks. We must make sure the surface that the patient will come into contacttwiltiantbn
easily sanitizedrurthermore, this foam must not absorb any flwiidlswhichit comes into contactdeally the
paddig used would be FDA approved for clinical use and sterilization.

Heated Examination SurfaceOur device must provide a controllable, comfortable amount of Heat to
patient. Ideally, the amount of heat transferred to the patient would vary betweeeadiowy and higlevels
The heat applied should not exceed a physiologically safe value and should not be capable of burning the |
under any circumstancédde technician should have control of the temperaiaggh a variable temperature
selector and a thermostat should be installed as a safety measure if time and resources allow.

Cushioned Examination Surface The device mudtave lower rigidity than the current hard laminate
surface.Specifically, it must deform at le&spe@rcent of its thickness when a stress bet@eamd 103 kPa is
applied.This value is consistemith specifications provided by manufacturers fortéirmedium foams.

Anatomical Distortion: It is important that our device does not alter the normal anat@mentatioof

the patient. Xays are commonly used in imaging body anaamwhygs suchltering thespatial orientation
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could render the -Xay procedure useless for its intended purpose. Our design team must consider the anatc
of all patients that may possibly use the device and ensure that th@rigdkythereo®f the padding does
not change the patient alignment to a point wher¥tay is unusable for diagnostic purposes
Obstruction of T e c Tha size bfdhe device \WMast lke dipit@dthat it must not
obstruct with the workspace of theay technician.
Cost: The cost of the final design should be under $ZD@. client has a rather tight budget, and

furthermore, tiis device is not necessar¥X4@y imagingo high costs may deter clinics from purchasing it.

Proposed Design Schematic

Initial brainstorming developed several optidingese options includéeating the exam table through an
exothermic chemical reaction, an amorphous sac of heated fluid, and a tubing édteduftirther
consideratiomf cost, ease of manufacture, and availability of materials the tubing conduit design was chao
To predct the radiolucency of the design, a MatLab program was created 4Rgues The MatlLab
simulations showed that the thickness of the various materials used in the tubing conduit ddsegn coul
adjusted such-Kay absorption across the surface ofulhieg conduit design is relatively consistent.

Using the simulatipra schematic of the major components required for creating a heated radiolog

Cross Sectional View of one “Unit” of the Head Radiologic Exam Table Pad Cross Sectional View of one “Unit” of the Head Radiologic Exam Table Pad
7.44% Difference in Beam Intensity Loss 1.14% Difference in Beam Intensitv Loss
Height vs. Distance from Origin of the Material Used Thickness vs. Distance from Origin of the Material Height vs. Distance from Origin of the Material Used Thickness vs. Distance from Origin of the Material
“ [Foan]
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Figure 4 0 Original Design Simulation Figure 50 Back Cut Design Simutati
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examination table attachment was develdpgdré6.). It was determinetthat the exam table attachment

should include four major components: a cushioned pad, an electric heater, a pump, and tubing.

Tubing

Cushioned Pad

Fiaure 6: Proposed Desian Schematic

The cushioned pad is placed on top of the examination table and will provide the needed comfort to
patient. Embedded Wih the cushioned pad will be a network of tubing that will carry a fluid across the leng
of the tableKigure7.). The network of tubing converges into one tube at the ends of the table. Connected
series to the tubing is an electric pump and hédterelectric heater provides a comfortable temperature to the

patient and the electric pump circulates the fluid through the system.

gl

Padding

[ guAE BN o oI gf

L U U Wi D 0 0 i U D

To address the patient complaint regarding the hard surface

1

exam table, we will incorporateanh pad into our design. In order

Figure 7: Network of Tubing

decide which material was most suitable, a design matrix was co

(Table }. This pad must meet several criteria.
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First, it must be radiolucent. Sincexbray quality cannot be sacrificed, the materlahitsst have a low
coefficient of attenuation. Usually this can be achieved by choosing thin, low density materials dike poly
based foams. As such, we focused our search on these types of materials.

Second, the pad cannot be too soft so as to cabhaege in normal bone and organ alignment within the
patient, yet also it must be comfortable enough
target firmness of was selected. parametewas based on the desire to have a nasidd, child sink no
more tharll mm into the pad when lying flat on his or her baiticethe pad we used was mmthick d due
to heat transfer considerati@s deformation of 1 mm was deemed to be a sufficient amount of compliance.

Third, the pad made sanitary since it is to be used in a clinical setting. This indoaehanon
absorptive coating to resist any bodily fluids that may come into contactpeith thkis pad coating must not
degrade in the preseméea sterilizing sprayntaningbleach.

Finally, cost will have to be taken into consideration since we only have a budget of about $200. Sinc
cannot fabricate the pad ourselves we must take care to find a supplier that can provide us the material we
at the cheapest peipossible. From initial research, we anticipate the cost of the pad to run as high as $60

full 30 percent of our budget.

PETa

The first material wexaminedvas finecellpolyethylene (PETam. Our calculations indicate that that
this material will only deforebout B cmunder the weight of a standard child. Also, through testing we have
shown that this material is very radiolucent, making it an ideal candidate for this design. Furthermore, ther
coating on both sides of theaterials that is liquid resistant, priagen ideal surface for sterilization. Lastly, it

is FDA approvednaking ittonvenient if our client decides to seek approval for clinical testing.

PETbH
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A second materiatvestigated was coacsdl polyethlene foam. Our calculations indicate that that this
material will only defor@m2 cmunder the weight of a standard child. Also, through testing we showed that thi
material is even more radiolucent than thec6hd®ET foam. However, the surfacehef materials is very
porous and as such not conducive to sterilization or resistant to any liquids or bodily fluids that it may come
contact with.

In order to use this device in our design we would have to use some kind of coating to sea #mel surfa
make it suitable for sterilization. Introducing another component to the mat design would bring about m
new comfications, such as how coating would react with the foam, whether or not it would be radioluce
enough, and whether or not it woh&lable to tolerate the frequent heating/cooling cycles and repeated flexin
of the mat.

Despite the radiolucency and firmness of this foam ranking better thandek HBES and the polyvinyl
rubber materialdVR) the difficulties presented by $itang the material render it impractical for use in our

design.

PVR

The third materiale exploredwas PVR foam. Like the finell PET, this material was coated on both
sides with a smooth, ligtriesistant surface that would have migddization quite simple.
Unfortunately, this material had severalltheks. The foam firmness vgasilar to that oB memory foam
mattress and raised concerns about whether such
imagng. Such distortion would be unacceptable and the material was deemed too soft since @sleformed
under the weight of a standard cBildore than twice the deformation of the-fia PET Testing revealed
that this was the least radiolucerthefthree materials testednfirming our decision to exclude this material

from consideration.
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Design Matrix for Padding

Category Weight PETa PETb PVR
Radiolucency 50 47 40 34
Cost 20 10 14 10
Firmness 20 14 16 10
Sterilization 10 9 4 7
Totd 100 80 74 61
Table 1 Design Matrix for Padding
Tubing

Flow through a tube can be described by the HRigeulle equation (Hgtion2). By setting the inner
diameter of the tubing at 0.3175 cm, we can calculate the pressure necessary to push the fluid through the
We negleted the corners in our preliminary analysis, but will remodel the system using more advan

techniques before we begin construction on our prototygieg these assumptions #aking the viscosity of

water at 60 °C to he=0 .

mNeZcalculd that the pump must supply a pressuabadit 16.1 psi.

Similarly, the tubing must be able to withstand fluid being pumped through at that pressure as well.
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Q=Volumetric Flow Rate (gal/min)
Po=Initial Pressure (PSI)

P=Final Pressure (PSI)

R=Inside Diameter (in)

L=Length of Tube (in)

r u=Viscosity of Liquidkts/in?)
A
TR ::
- —|=>z
P I
L

Equation 2: HagerPisoulle equation for flow in a tube. This is an approximation o
system and a more rigorous analysis must be conducted before we purchase our

In addition to being strong enough to withstand a pressiéelgbsi and elevated temperatheetubing
must be radiolucent. Thought it does not need to be completely transparent, its coefficient of attenuation |
closely match that of the padding so there is minimal contrast between the two materiabsyimtlage

Though our budget is of utmost importance throughout the design of our prototype, it is of littl
conseqguence when selecting our tubing. First, plastic polymer tubing is a cheap and accessible component
design. Since no special nexoents are placed upon it, stock PET, Vinyl, Nylon or PVC will do well. Second
through the family of a team member, we will be able to procure our tubing materiaismifacturerost,
rather than buying them through at third party retailer sidbNasteCarr.

Finally, since heat must be conducted through the tubing to the patient padding interface, it is desirable
the materials selected for the tubing be poor insulators. Unfortualbp#fstic materials are fairly good
thermal insutars, but the walls will be thin enough, and the tubing close enough to the patient that this will r
present any serious complications. Nevertheless, it is still desirable that heat be able to move as freely as |

into and out of the tubing.
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We vere able to test our tubing options Mar. 4, but the results were inconclusive. After consulting with
John Vetter of the Medical Physics departmentietermined that it was necessary to use a phantom (a devic

which mimicgissue of théuman body)wring imaging.

PET

We anticipate this material to the most radiolucent of the tubing based on the testing results of the |
padding. It is rated at up 180psi and will thus be able to withstand the considerably lower presswrks
be applying.Finally, it has the highest thermal conductivity of any of the materials being cdbsidered

0.42 and 0.510ur second round of testingnfirmedthat we will be using this tubing in our final design.

Viny/
Based on earlier testivge anticipate the vinyl tubing to be more radiopaque than the other samples, al

therefore do not anticipate using this material in our design, especially considering its low thermal conduc

(0.25)

Nylon
Initially we considered the use of nyldrirtg; however, the availability of nylon tubing of dimensions and

guantities for our purposes is low. We have consequently decided not use this tubing material.

PVC

This material was the strongest rated tubing, able to withstand up to 250 pshatéhjothat also made
it the least practical. The large outer diameter would make construction of the tubing matrix to be inlaid into
padding difficult and could even necessitate a thicker pad, which would adversely affect the firmness and
radioluceay of our design. Also, the thermal conductivity coefficient of 0.19 was low even for a plastic. For

these reasons, PVC tubing is impractical for our prototype.

Pagel6of 27 LAST UPDATED: May 2, 2009



BME 301 (BIOMEDICAL ENGINEERING DESIGN) MID-SEMESTER REPORT
ADVISOR: PROFESSOR MITCHELL TYLER PROXECT #37 (EXAM_TABLE)

Design Matrix for Tubing

Category Weight PET Vinyl Nylon PVC
Radiolucency 50 25 20 20 18
Thermal Conductivity 30 24 12 12 9
Cost 10 9 9 9 9
Strength 10 10 10 10 10
Total 100 68 51 51 46

Table 2 Design Matrix for Tubing

Heating

The patient will be heated by thermal energy conducted from hot water passing through the inlaid tu
system There are two heat transfer interfaces, the first being from the heater to the carrier fluid and the sec
being from the carrier fluid to the patient. The water flowing through the inlaid tubing system heats the t
surface using convective thermatdfer. This is accomplished through the current formed by the fluid flowing
through the tube. Theatient, as well as the padiaated by conductive thermal transfer. This is simply the
transfer of energy from molecule to molecule, starting abteetwo ut er sur f ace and en

The heat that the patient feels is governed by a form of Newtons Law of Cooling (Bquation

Equation 3;
k VAN T Q = heat flow across tube wall
tub tub T = Temperature (Kelvin)
Hoe — noe A = Crosssectional area of tube
A 2. R K = Thermal conductivity of tubg

material
tibe tube R = Radius of tube

This equation relates the change in temperature to the heat flow per uhiteadesired temperatwetside
the tube is 40C, or roughly the temperature of a standard hot tub. Using commonly accepted values for

thermal conductivity and heat flow per unit area of polyethylenecdssanyater temperature was calculated
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to be approximatel46.T C. At steady state the heat transferred radially from the tubing conduit will b

negligible compared to the total heat contained within the system, minimizing any potential gradient.

Coiled Wire

One solution for water heating is to use coiled wirgpedaround a metal tube. The coiled wires, after
being subjected to an electric currentgerieratdeat which will be transferreéd the metal tube. The water,
while erroute to the tubing inlaid in the pad, will pass through the metal tube ane hettemThe thermal
energy of the water will then be radiated away as the water passes through the tubing paldidléenbibard
The amount of current being supplied to the coiled wires will be regulated with a potentiometer, and the e

systen would be enclosed and located on the ground next to the diagnostic table.

Heating Element

Another method of heating the water would be to build a scaled down version of tdrdatesiend use
a standard heating element to heat the water. Thisimethlal allow a large volume of water to be heated to a
high temperature, and stored for future Wgehin the tank, the water could only be heated to one temperature,
corresponding to the injected voltage. However, outside the tank the water coeledbehie traveling
through the tubing using alternate means. The tank would sit on the floor, connected on one side to the v

pump, and on the other side to a conduit leading to the tubing inlaid in the pad.

Commercial Heater

A commercially availe water heater could be used to heat the water to the desired temperatut
Specifically, a tankless water heater would be used. A tankless water heater heats water as it passes by
element, and thus does not require a storage tank to hold Tasemethod of heating the water would allow

for a very accurate means of controlling water temperature, as nearly all commercially available water heate
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equipped with a thermostat. The heater would also sit on the floor, and be connectetbithegoigmp and

tubing conduits.

Design Matrix for Heating

The three heating components were analyzed using two distinct categories, cost &habteydost,
weighted at 70%, represents the total cost of buying, installing, and usiegjfibe epmponent. Control,
weighted at 30%, represents the degree of control that the element provides over the water temperature.
commercial water heater, being equipped with a thermostat, was ranked highest in the control categon
lowest in lhe cost category. The standard water tank heater element, while extremely cost effective, caus
temperature of the water to be high. The coiled wire method, consisting of a wire heated by a flowing cur

was determined to be the best design.

Catgory Weight Coiled wire Heater element Commercial heater
Cost 70 56 56 14
Control 30 18 12 30
TOTAL 100 74 68 44

Table 3 Design Matrix for Heating

ProposedSolution

After completing the component matrices, polyethylene (PET) padding and tubing, as well as a coiled
element foheating, were determined to be the best solufidres PET pad and tubing shdittle attenuation

comparegdto the human body, under diagnosti@Ximaging. This makes them ideal components for the final
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design. Lastly, the coiled wire heating eleimeing cost effective and easy to control, will be used to heat the

water. After compiling all this information, the final schematic for the design was creat8fd (Figure

PET Tubin
. PETa Cushioned Pad

Figure 8: Final Proposed Design Schema
Polyethylene will be used for the pad and
tubing material. A coiled wire heating sys
and pump will heat and move the water,
respectively.

v Coiled
Electric Wire
& Pump Heating
= System

Final Design
Our final design consists of 3 compusea mat, a heating element and pump, and a tubing conduit.
Padding

A polyethylene mat is located on top of the particle board. This mat, which is of uniform thickne:
provides enough cushioning for patient comfort, without causing anatomicaindisbonttoo much bending.

This mat is also FDA approved, resists chemical degradation, and is easily sterilized.

Heating Element and Pump

To heat the patient, a 300 watt heating coil was wrapped arpund a

copper tubeRigure9). As the water flows thugh the copper tubs,

D

heat is transferred to it from the coifthe power supplied to th

Figure 9: Heating Element Schematic
300 watt heating coil wrapmadunda
copper tube.

heating element is controlled by an AC dimmer swidter the
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water flows out of the copper tube, it flows through the tubing conduit. Heat is then transigtyetiarad
the tubes through the mat, to the pati en(EquationThi
3). A pump is placed in series with the heating element and tubing conduit to act as the driving force of f

flow.

Tubing Conaduit

In order to heat the patient,
heated water was passed through a
tubing conduit underneath the mat.
The tubing conduit consists of ten
polyethylene tubes inlaid in particle
board (Figurel). Thetubes are
connected to the particle board
through the useof the adhesive

Liquid Nails. The combination of

Figure 10 TubingConduit Schematid@he tubing conduit consists of ten tubing and particle board creates a
polyethylene tubes inlaid in particle hoard

uniform radiolucent surface, and the adhesive minimizes the effect of sharp edges on the image.

Testing

Heating

To test the heating capabilities of our prototypéetih@eratures of the water within the tubing conduit
were measured using a digital thermostat. Also, the temperature of the surface of the tubing conduit

recorded. When the heating element was at maximum power, the two temperautéSC and 38°C
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respectively. Therefore, the heating element proved to be capable of providing an adequate amount of h

the patient.

Radiolucency

Before building our prototype, we tested our simulated designs and found some problems. Vertical f
caused arti€as not accounted for in the MatLab program. To compensate for this,eng caithh a wide
variety of different designs and constructed sever small arrays to test them. Square cut clogigieddywere
tested, and baats of varying depth were adlde further compensate for thedio opacityf the tubing.
These backuts, however, introduced further artifacts into the image and were discarded from consideration
result

Next, rounded and squaret channels were tested. The rednchannels fit the tubing well, but testing
revealed a less than ideal baatetface image. The squewmé channels were tested with whassed wood
glue and the results were promising.

However, water based glue contracts upon drying and forroldésb@These air bubbles introduce further
artifacts into the image, and though the image at thetiaggelis improved, the air bubbles make such a filler

impractical. To correct this problem, a wide variety of norhaatst adhesives (including 8iaamylic caulks,

Particle board base

Control (no adhesive)
—

L Wood glue (non water-based)
Liquid Nails
bubble form

Si Caulk

Acrylic latex (ALEX) caulk

b
. ALEX caulk does not
" match density well

Plastic Wood

Figure 11 Testing of Different Adhesives without a| [ Figure 12 Testingf Different Adhesives with a Phantom. Tl
Phantom Severadifferent adhesivegere tested for tubing conduit with various adhesives was then tested unde
radiolucency. phantomwith Liquid Nail8 being the most effective.
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