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Abstract: The demands on materials’ properties, for medical
purposes, largely depend on the site of application and the function it has to
restore. Ideally a replacement material should mimic the living tissue from a
mechanical, chemical, biological, and functional point of view. The
estimation of the mechanical characteristics of blood vessel walls, the values
of modulus of elasticity and the coefficient of transversal strain serve to
determine some aspects of reconstruction of blood vessels. The tissue
growth, the blood clotting and the affecting blood elements are influenced
by surface energy. In this study, we address the possibility to investigate the
mechanical properties of the airways in a simulation study of the human
lungs.
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INTRODUCTION

The development of materials for any replacement application should be based on the
thorough understanding of the structure to be substituted. This is true in many fields, but
particularly relevant in substitution and regeneration medicine. The fractal structure of
the lung’s geometry is a useful property to describe such complex system in a simple,
elegant manner [1].

In this line of thought, we employ our previous results to simulate changes in the airway
constriction and heterogeneous parameters. In this simulation study we assess variations
in airway mechanical properties using a mechanical equivalent of the respiratory
structure. The simulation is based on a simplified model of the respiratory duct, but
taking into account the significant information on human lung morphology: airway
radius, length, thickness and cartilage over soft tissue percent [1 — 3].

EXPERIMENTAL METHODS

Building anatomical models for low frequency analysis of the respiratory input
impedance is useful when evaluating the airway properties at ventilation frequencies up
to 10Hz. In this study, frequency-domain analysis is used based on a mechanical
analogy. By means of electro-mechanical analogy, the voltage represents the force and
the current represent the velocity of the tissue motion [3].

RESULTS AND DISCUSSION

A fractional-order (FO) model has been proposed to model the simulated respiratory
impedance. The model proved to have an efficient estimation in terms of minimal errors
and minimal number of parameters. The fractional order denotes fully viscous element
for order 1 and fully elastic element for order 0. The structure of the FO model is given
as:

Z(jo)=R+L-(jo)" +————
(jo) (jo) C- o) (1)

with:

0<as<l;

0<p<1;

R — the resistance (kPa-s/L);

L — the inertance (kPa-s*/L);

(2?— the compliance (L/kPa);

J=-L

 — the angular frequency (rad/s).

Although the respiratory system can be indeed well approximated with such a model,

the relationship between its physiological mechanical properties and fractional operators

is not totally understood. The reason for the successful characterization of input

respiratory impedance with this model is that the real part is not frequency-independent,
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as in case of integer-order models. The objective of the use of fractional-order modeling
in this study is twofold:

1) to analyze the correlation between the variation of the fractional-orders with
the variation of the airway properties;
1) to analyze if the model parameters are sensitive to changes in broncho-

constriction and heterogeneity.
Further on, the variations in model parameters with broncho-constriction and airway
heterogeneity are illustrated by variations in the identified resistance [4].
We have simulated changes in the first 5 airway generations of the respiratory tree in
terms of constriction x =0, 20, 40, 60, and in terms of heterogeneity CV =0, 10, 20, 40.
Variations in the x and CV parameters did not influence the identified values of the
lumped FO model for compliance, neither its corresponding order.
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Figure 1. Identified Resistance parameter values for each depth, from homogeneous
(CV = 0%) to highly heterogeneous (CV = 40%) heterogeneity levels. Each value per
depth in each heterogeneity level denotes four constriction levels from left to right: 0%,
20%, 40% and 60%.

CONCLUSION

In this study, the effect of changing airway length, radius, wall thickness and tissue
cartilage percent on a fractional order model parameter has been investigated. As a
result, the fractional order model parameters seem to be sensitive to changes of
broncho-constriction in the airway duct and various levels of heterogeneity.

St. Cerc. St. CICBIA 201112 (1) 83



CHIRITA and IONESCU

REFERENCES

Weibel, E.R.: Mandelbrot’s Fractals and the Geometry of Life: A Tribute to Benoit Mandelbrot on
his 80" Birthday, in: Fractals in Biology and Medicine, Vol. 4, (Editors: Losa, G.A., Merlini, D.,
Nonnenmacher, T.F., Weibel, E.R.), Birkhduser Verlag, Basel — Boston — Berlin, 2005, 3-16;
Gentleman, E., Lay, A.N., Dickerson, D.A., Nauman, E.A., Livesay, G.A., Dee, K.C.:
Mechanical characterization of collagen fibers and scaffolds for tissue engineering, Biomaterials,
2003, 24 (21), 3805-3813;

Habib, R.H., Chalker, R.B., Suki, B., Jackson, A.C.: Airway geometry and wall mechanical
properties estimated from subglottal input impedance in humans, J. Appl. Physiol., 1994, 77 (1),
441-451,

Nucci, G., Tessarin, S., Cobelli, C.: A Morphometric Model of Lung Mechanics for Time-Domain
Analysis of Alveolar Pressure during Mechanical Ventilation, Annals of Biomedical Engineering,
2002, 30 (4), 537-545.

84

St. Cerc. St. CICBIA 201112 (1)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


