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Characteristics of Foot Pressure Distribution with or without Partial
Prosthetic Foot in Transmetartarsal Amputee

Woo-Sung Seong, B.S., Hee-Seung Yang, M.D.*, Hong-Kee Sung, M.D.*, Hak-Jun Kim, M.D."
Center of Orthotics & Prosthetics, Department of Rehabilitation™ and Orthopedic SurgeryT, Seoul Veterans hospital, Seoul, Korea

=Abstract=

Purpose: This study was designed to evaluate characteristics of foot pressure distribution with or without partial
prosthetic foot in transmetatarsal amputee.

Materials and Methods: The subjects were 9 transmetatarsal amputees. Foot pressures were measured at hallux, the
1.5 metatarsal head (MTH), mid-foot, condyle area by F-scan system in amputated or contralateral foot during
active walking.

Results: In amputated foot, mean peak pressure was greatest in midfoot without prosthetic foot but it was greatest in
hindfoot with prosthetic foot. In unaffected foot, although mean peak pressure was higher in hallux, and 1-5"
MTH compared to amputated foot, it was greatest in hind foot both with and without prosthetic foot. However, in
unaffected foot, mean peak pressure significantly decreased in hallux and 5" MTH after wearing the prosthetic
foot. There was a significant difference in mean peak pressure in hallux and 5™ MTH between amputated and
unaffected foot after wearing prosthetic foot. However, other region had no significant difference with or without
prosthetic foot between feet.

Conclusions: The use of partial prosthetic foot tends to shift weight bearing from the heel area to forefoot and could
significantly reduce hind foot peak pressure and redistributed to peak pressure. The partial prosthetic foot can also
offer the peak pressure to reduction both amputated foot and unaffected foot and help to toe off during walking.

Key Words: Transmetatarsal amputee, Prosthesis, F-scan system, Mean peak pressure
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Figure 1. (A) Normal foot and amputed foot without wearing prosthesis and (B) normal foot and amputated foot with wearing prosthesis
at amputated foot. Prosthesis maded with silicon have the 5 toes and cover over the hind foot area.
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Table 1. General Characteristics of Subjects (n=9)
Characteristics Subjects
Age (years) 49.44+14.94
Height (cm) 171.5+4.40
Body weight (kg) 68.55+6.76
Duration after amputation (years) 16.44+5.36
Stump length (cm) 15,16+1.63

Values are meanztstandard deviation,
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Figure 2. (A) F-scan pressure recording area at hallux and 1%-5"

recording with wearing amputed side foot result at hallux and 1
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metatarsal had area and mid-foot and hind foot and (B) F-scan pressure
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metatarsal had area and mid-foot and hind foot.
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Table 2. Mean Peak Pressure

Pressure area

Amputed side

Normal side

Non—Wearing Wearing Non—Weraing Wearing
Hallux 0.0£0.0 12,0£15.3 25.5%22.2 9.4+11.6"
1% — metetarsal head 0.0+0.0 1.9+3.6 24 0+22.6 12.5+13.2
2™ — metetarsal head 0.0£0.0 1.4+4.0 20.4+20.5 13,7+18.2
3 4™ — metetarsal head 0.140.3 1.1£2.8 21.2+17.5 15.1+15.1
5" — metetarsal head 3.2%7.7 13.8+17.2% 22.4+11.3 12.8+11.6*
Mid—foot (lateral) 56,6188.6 29.3+31.1* 14,0£9.50 13.94+9.5
Hind—foot 56,1+46.5 56.4+43.6 57.84+38.4 45,3+31.0

The non—wearing amputed side mean peak pressures were compared with the wearing amputed side mean peak pressures, The
non—wearing normal side mean peak pressures were compared with the wearing noraml side mean peak pressures, Values are
mean +standard deviation, *p< 0.05, peak pressure (kpa).
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Figure 3. Mean pressure of amputed foot. Solid
line is mean pressure of non-wearing prosthetic
foot. Dottled line is mean pressure of wearing
prosthetic foot. *p<0.05
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Figure 4. Mean pressure of normal foot. Solid line
is mean pressure of normal side when amputed
foot was not wearing prosthesis. Dottled line is mean
pressure of foot pressure of normal side when amputed
foot was wearing prosthesis. *p<0.05

kpa® e} 2po|7F A glglom, b2k A
i3 H H1 9re 57.8+38.4 kpa, X A %

45.3+31.0 kpa' |57 2§ A] v]2Hg Auch
Qe 4oLt RIS QoITHTable 2, Fig, 3, 4)

H 5

&
g

o,
e
-
fr
o
ol
AN

o
=
*

ofN mE N rlr o
ﬂ:‘
=
o
o

fo 10

B QoA e 2] 054 2§ A} v]
o Mo} FEHo| 171 AEN hom

Geze) 92 2§ ool I Ax| WaE
28 AP} oI A ek R A9
, EE, B S5 7, A A F
2 Ve Ao 29 BAe A 55
o 11 o] A th= CollisQ} Jaysonm), Grundy
Grieve®} Rash' o] 1520} A=|&}17] kgt
clo} gRielote] aets el YeTas)
%2k ) oA HAgRGo] Yot
A spolslie 59 otap) o

O
-~ _11)1,

n Moo M
jn AR
TN

T\ = I
g
H>
|o

11

[

)

> ox K
-~
T

[ ol e N ofN T oHF &
1 o
i)

o
:10
rir
e,

-

2
tu

ai o Ho o

o

Mo

i)
s
2
I

O
1o

Ml

el

N
N
rlo

<
T
-+ o

i
i

A el EAS 2
FR SRR FEN 0

O] &AM E UEREO, 79| tiEE B
|
°

by U
=

An
o
40 e

—Hz

2
18
rlo

=

[}
=

2 ofN
[RTR
il

Uebgrom, eeje] 49t oAk upeto] 4
A7} glo] 7 B Ho AFE A Rt no] 9xoz
7 el 90 Ao Sigo] BEsh gob Ut 4



oY
o
i

$& bt of Ae) grEY At 95
W2k 3190 el Ba] chRe o Hsielol
A7 Az JFS F AOT B2,

2320 AAGE FA S/ AT okt
o] % 7159 Ml Aol FALS Bt 1w of
P 7P A A 22 G A 4
stof 9, A%, 2RO YL WS A7t wEE D
°m~%mAuhﬂnﬂiéak%%@@@%;Aﬂ%
oA, F5 el o] gl B Frf FAHYR
S} et AR ol 7151 S, 2 o
2 23, 549 4R fo]
& Aol 3

A

zH
=T

A R
|

il
e

o

=
ST
[¢]

o
—
—

ox W

=

N\

|o
fu
i
&
[o e’

4z o o 1o rlo uE
5|
ol
ol

oft ‘T

e

%iAA*ﬂﬂﬁﬂﬂﬁL

=

o
N'HE
)

o
4
H1 o

%
Mo X2
X
%
i

A

i)
2

do > W 1o
o
.
o2t
=2,
H
to
o,

s

i
uo)

i)
g

ol
o
X
=i
<l

2o &
o
>,
o2
I\

o

o 1

i D> S W o
o,
o
>,

>

oo
b

- 46 -

10.

11.

12.

13.

14.

15.

REFERENCES

Rozema A, Ulbrecht JS and Pammer SE: In-shoe plantar
pressures during activities of daily living: Implications for
therapeutic foot wear design. Foot Ankle Int, 17: 352-359,
1996.

Cavanagh P: In-shoe plantar pressure measurement: A
review. the foot, 2: 185-194, 1992.

Penty J: Gait analysis. Normal and pathological function.
New Jersey, SLACK Inc: 70, 1992

Isakov F, Keren O and Benjuya N: Trans-tibial amputee
gait: time-distance parameters and EMG activity. Prosthet
Orthot Int, 24: 216-220, 2000.

. Hong DJ, Park SB, Lee SG and Lee KM: Analysis of the

stance phase in a hemiplegic patient by the measurement
of plantar pressure. J Korean Acad Rehab Med, 22:
1123-1128, 1998.

Lord M and Hosein R: Pressure redistribution by molded
inserts in diabetic footwear: a pilot study. J Rehabil Res
Dev, 31: 214-221, 1994.

Yang DC, Lee KH, Lee SG, Kim YG and Park SB:
Comparison of dynamic peak plantar pressure and hindfoot
contact time in diabetic patients and healthy adults. J
Korean Acad Rehab Med, 27: 600-604, 2003.

. Chung SH, Hwang JH and Kim KW: The significance of

plantar pressure measurement in diabetic patients. J
Korean Acad Rehab Med, 25: 149-155, 2001.

. Moon HW, Park SI, Rah UW, Lee IY, Yim SY and Kim

JH: Foot pressure measurement using F-scan system in
normal korea adults. J Korean Acad Rehab Med, 19:
289-295, 1995.

Kim JH and Cynn HS: 4 study of characteristics of foot
pressure distribution in trans-tibial amputee subjects.
KAUTPT, 8: 1-10, 2001.

Chung JH, Lee KW and Kim YH: Development of a
pressure distribution measurement system. J Biomed Eng
Res, 21: 213-218, 2000.

Collins WJ and Jayson MI: Measurement of pedal pressures.
Ann Rheum Dis, 31: 215-217, 1972.

Grundy M, Tosh PA, Mcleish RD and Smist L: An invest-
igation of the centers pressure under the foot while walking.
J Bone Joint Surg, 57-A: 98-103, 1975.

Grieve DW and Rash T: Pressure under normal feet in
standing and walking as measured by foil pedobaography.
Ann Rheum Dis, 43: 816-818, 1984.

Sanders JE and Daly CH: Interface pressures and shear
stresses: sagittal plane angular alignment effects \in three
transtibial amputee case studies. Prosthet Orthot Int, 23:
21-29, 1999.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


