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Falling Is Bad...

Dynamic Stability
in Healthy Elderly

e 1/3rd (~12 million) elderly fall each year

o (Fuller *00; www.census.gov)

¢ Primary cause of death and contribute to 90%
of all hip fractures in the elderly
o (Fuller '00; Sterling ‘01)
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University of Texas
Nonlinear Biodynamics Lab

¢ The costs of fall-related injuries could reach
$44 billion by 2020 (in the US)

- i ¢ (Englander '96; Rizzo '98; www.cdc.gov/ncipc/)
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What Contributes To Falls?...

o Elderly often walk slow... This may predict fall risk
o (Alexander et al '96; Luukinen et al '95; Bergland et al ‘03)

« Possibly due to loss of strength or flexibility?
* (Burnfield et al ‘'00; DeVita & Hortobagyi ‘00; Kerrigan et al ‘01)

« Possibly a pro-active strategy to /mprove stability?
o (Shkuratova et al '04; Dingwell et al ‘00 & '06; England & Granata ‘07)

» Walking faster increases risk of tripping / falling:
o (Berg et al '97; Pavol et al '99; van den Bogert et al '02)
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Subjects:

Young Adults | Older Adults p-value
Gender (M/F) 12/5 12/6 0.80
Age (years) 23.3+26 721+6.0 <0.0001
Height (m) 1.73+0.094 | 1.70 + 0.104 0.36
Body Mass (kg) 71.1+9.86 | 73.2+12.3 0.58
Body Mass Index (BMI) 23.5+1.7 254 £3.2 0.07
Composite Strength score 3.07+3.71 | -4.29+235 <0.0001
Composite ROM score 1.89+1.81 | -2.03+2.78 <0.0001
| Preferred Walking Speed (m/s) | 1.30+0.10 | 1.29+0.15 0.86
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Questions:

¢ Are elderly more locally and/or orbitally unstable
than healthy young adults?

¢ (Hurmuzlu *96; Dingwell & Cusumano ‘00)

¢ How does this depend on walking speed?
¢ (Dingwell & Marin ‘06; England & Granata ‘07)

« Are differences predicted by loss of strength
and/or flexibility in the elderly?

¢ (Burnfield et al ‘00; Kerrigan et al ‘01)
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Experiment:

¢ Subjects walked at 5 speeds:
e 80% x PWS
90% x PWS

100% x Preferred Walking Speed (PWS)
110% x PWS
120% x PWS

e o o o

¢ Two 5-min trials @ each speed

¢ Trunk & leg kinematics
recorded using Vicon 612
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Defining A State Space:
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“Orbital” Stability:
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« (Dingwell & Kang ‘07; Dingwell et al ‘07) ~Fixed Point

" —Poincaré Section
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Correlations With Strength & ROM:
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State Space for Real Data:
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“Local” Dynamic Stability:
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¢ (Rosenstein et al '93; Dingwell & Cusumano ‘00; Dingwell & Marin ‘06)

Dynamic Walking 2008

Jonathan B. Dingwell, Hyun G. Kang




Dingwell & Kang -- Submission to Dynamic
Walking 2008 Conference

“Local” Dynamic Stability:
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Summary / Conclusions...

o Elderly were more locally and orbitally unstable,
regardless of walking speed...

» Slower walking speeds led to decreased instability
in both groups, despite increased variability...

« Differences remained, even after accounting for
differences in strength and ROM...

¢ Go see Patrisha McAndrew’s Poster !!
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Basic Stride Parameters:

Stride Time [s] Step Length [m]  Step Width [m]
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Correlations With Strength & ROM:
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“Cumquat Guy”

by
Chris Dingwell

Variability in Stride Parameters:

Stride Time Step Length Step Width
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o (Dingwell & Kang, Gait & Posture, 2008)

Dynamic Walking 2008 o

Jonathan B. Dingwell, Hyun G. Kang

nlineaz:.

dynai

%\a,w[gr




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


