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1. Abstract

ClinicalX-ray examinationssometimesrequire patientsto remain still for over an hour. A common patient
complaintis that X-ray examinationtables are uncomfortable,specificallythey are too hard and too cold.
Patientdiscomfortis undesirablebecausean uncomfortablepatient is more prone to movingduring a long
procedure The objective of the client and our team is to create a devicethat can provide patient comfort
while at the sametime preservingpatient safetyandradiolucencyThefocusof our work isto createa device
to modify the current hard laminatesurfaceof the X-ray table throughthe addition of paddingand heat. Our
team designedand constructedan X-ray table heating pad composedof polyethylenepadding,a particle
board and polyethylenetubing conduit, and a heating element and pump. Despitemodelingthe expected
radiolucencytesting showedthat our prototype producedsmall,but undesirableartifacts Therefore,future
work entailsresearchinalternativesto the polyethyleneand particle boardtubing conduit

2. Motivation

Many patients complainthat common X-ray examinationtables are uncomfortable The most common
complaintisthat the tabletopis either too hard,too cold, or a combinationof both. Inthe interestof patient
comfort, our client believesthat a tabletop canbe designedand built to rectify theseproblems Thiswill be
especiallyusefulin longexaminationsvherethe patientis beingX-rayedfor an extendedperiod of time.

3. Background

3.1 DiagnosticX-rays

X-rays are electromagneticwavesthat are producedwhen fastmoving electronscollide with substancesn
their path. X-rays are similar to light rays except that they have 1/10,000 the wavelength This short
wavelengthallows them to penetrate very densesubstancedo produceimagesthat can be recordedon
photographicfilm or digitally X-ray imagingis useful diagnosticallybecausedifferencesin compositionand
density between body structuresproduceimagesof varyingintensity on the X-ray film. Structures,suchas
bone,appearwhite, while other tissues suchasair-filled lungs,appeardarkeror black

3.2 X-RayAttenutation

X-ray attenuation, which is an indication of the radiolucencyof a material, is characterizedoy the linear
attenuationcoefficiento >Thelinear attenuation coefficientis aninherentproperty of the materialthat can
only be changedby altering the material composition Asa generalrule, materialscomposedof atomswith
high atomic numberswill attenuate more than materialscomposedof atomswith low atomic numbers The
lessa materialattenuatesupon excitementby an X-ray, the more radiolucentit will appearin an X-ray image
Animportant aspectof the massattenuationcoefficientis its dependenceon photon energy(Figurel)
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Equation 1: Exponential Law of Attenuation

[1 _ (g” 100 = PErcent loss of intensity of the
Incident Xray beam
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Figure 1¢ Mass Attenuation Depends on Photon
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4. Design Criteria e

Safe for the patient
A No possibility of
burns
ANo leaking fluids
A Easily sterilizable
Heats the patient

5. Beam Intensity Loss Simulation

Cross Sectional View of one “Unit” of the Head Radiologic Exam Table Pad

7.44% Difference in Beam Intensity Loss
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Figure 2¢ Original Design Simulation

Radiolucent /. Testing/Results
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Cushions the patient . s 7.1 Testingof different fillers with
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. Wood glue (non water-based)

A Verticaledgesproducedartifacts

\ Non water-based
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Figure 3¢ Back Cut Design Simulation

5. Final Design

6.1 Padding Fine Cell Polyethylene
w 1/161inchthick
w OIl, water, and chemicalesistant

w FDAapprovednon-toxic

6.2 Heating Element and Pump
w 300Watt resistivewere heatingcoll

w 1 Inchdiametercopperpipe
w Maximumwater temperature=46.1 C
w Surfacgemperature=35 C

w Temperaturecontrolledby dimmerswitch

300 Watt Heating Coil

Copper Tubing |72

Figure 4¢ Heating Element
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w 10 LDPHubeswith 1/4 inchl.D.
w Tubinginlaidin 23x32x3/4 inch particleboard

w Tubesspaced?.5 inchesapart

Our Cost Full Cost
w Sterilizable $83 $150
w Comfortable $100 $100
w No anatomicaldistortion $110 $128.3
$60 $342 (+ machining)
wVariable speed pump in series with heating

elementandtubing conduitdrivessystem

wPipeinsulationretainsheat

wb S ¢ (i 2ay @ &oolinggovernsheat transfer of 9 _ F Utu e WO rk
system

The current designsatisfiesall criteria though not to a degreethat would make it a commerciallyviable

Q 4 N T product In addition, our designwill attenuate differently at different energylevelsdue to the potpourri of
tube _  tube materialsusedin fabricatingthe prototype. Therefore,future work will focuson creatinga more radiolucent

o prototype. Thiswork entailsresearchingalternativesto the polyethyleneand particle board tubing conduit

A 2K Water equivalentmaterials,like SolidWater® and PlasticWater®, would be ideal However,these materials
titbe tibe are expensiveJimited in size,and would require complexmachining Asa result, acrylicor non-expanded

polystyrene may be the most appropriate choice Both materials are excellent water equivalents for
9ljdz- GA2Y HY bSgi2z2yQa [ ¢ digpnostickray gngrgiesrelatively cheapcomparedto SolidWater® and PlasticWater®, and come in the
Q....= Heat rate across tube appropriate size Unfortunately, creating the channelsand threads into the material would still require
Ttu:beTemperature (Kelvin) complexmachining Also,the describedmaterialswould exceedour current budget Theseissueswould

- needto be addressedfor a fully functionalprototypeto be constructed .
A pe = Crosssectional area of tube

Kiune= Thermal conductivity of tube

Rue = Radius of tube 10. References
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