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論 文 内 容 の 要 旨 

Introduction 

 Quantifying spatio-temporal changes in the facial soft tissue form during facial expressions is a key element to 

our better understanding of oro-facial function and esthetics.  Neural mechanisms of facial expressions which 

control natural (involuntary) and posed (voluntary) smiles are explained by distinct pathways.  There has been 

a controversy as to whether there is lateralized asymmetry (asymmetry that favors one side) in the motion of the 

face such as in the smiling action.  Neuro-anatomic evidence indicates that contralateral control of facial 

musculature exists in the lower face. 

 Therefore, the purposes of the present study were to examine quantitatively if there were differences in the 

motion of the lips between the natural smile and posed smile and between the right side and left side during the 

act of smiling. 

Material and methods 

 Thirty healthy Japanese volunteer women (mean age, 24y5m) with acceptable good occlusion, no current or 

past history of facial impairment and no discernible facial asymmetry or oro-facial dysfunction participated in 

the study.  

 A three-dimensional infrared motion capturing device of a two-camera unit system (ProReflex Motion Capture 

Unit, Qualysis, Gothenburg, Sweden) was optimized to record motions of the lips during the act of smile for 5-10s 

with a sampling frequency of 100 Hz.  Four markers (12 mm diameter, l0.5 mm thick) were adhered to the facial 

surface as reference markers.  Similarly, four markers (7 mm diameter, 6.5 mm thick) were placed to measure 

the motion of the lips. 

 Positions of the reference markers were as follows : FHM, the upper forehead on the facial midline ; ER, the tail 

of the right eyebrow ; EL, the tail of the left eyebrow and se, the deepest point on the bottom of the nasofrontal 
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angle.  The markers employed to measure the motion of the lips were as follows : CMR, the right corner of the 

mouth ; CML, the left corner of the mouth ; ULM, the upper mid-lip point vermilion border and LLM, lower mid-lip 

point vermilion border. 

 First, the subjects watched a set of three comic video clips for a total period of 12 minutes so that spontaneous 

motions of the lips during the natural smile could be recorded.  Second, the subjects performed posed-maximum 

smiles, i.e., the maximal animation of the corners of the mouth turning upwards and backwards.  Five 

animations were obtained for both types of smiles. 

 To minimize effects of natural head movement on the recorded data when smiling, a new coordinate space was 

generated using the coordinates of the four reference markers.  Displacements from the start until the peak of 

the smiling action for each marker were normalized with respect to the distance between the CMR and the CML 

markers at frame no. l, which was defined as the inter-commissure lip distance at rest.  The time course from 

the start until the peak of the displacement was divided into two time bins in each of the three directions for each 

marker.  The displacement of each time bin was calculated as an element to provide 6 variables of movement 

distances generated for each marker.  Twenty-four variables were finally generated for each smile trial in all 

subjects.  Variables of the mean durations for the four measured markers and the mean velocities in the three 

directions for each marker were also calculated.  The mean variables of the five trials for both types of smiles 

were calculated as representative smiles for each subject.  The variables of the representative smiles were 

compared statistically to examine if there were any differences between the natural smile and the 

posed-maximum smile as well as between the CMR marker and the CML marker for each smile type. 

Results 

 Normalized movement distances in the lateral direction for the right corner of the mouth (CMR) in the natural 

smile were significantly shorter than those for the posed-maximum smile (P≤0.01) Significant differences were 

not determined between the natural smile and the posed-maximum smile for the movement distances of the left 

corner of the mouth (CML) and the mid-lip points markers (ULM and LLM). 

 Greater lateral movement distance determined for the marker CMR when compared to the marker CML (P≤
0.00001) ; in contrast. the marker CML exhibited a longer posterior movement distance than the marker CMR (P≤

0.001).  These findings were consistent in both types of smiles.  The natural smile showed longer durations for 

both corners of the mouth and the upper and the lower mid-lip points than that seen for the posed-maximum 

smiles (P≤0.001).  In general, the mean velocities in the three directions were found to be slower for the natural 

smile (P≤0.01).  Slower movement speed was determined for the left corner of the mouth in the lateral direction 

(P≤0.001).  In contrast, slower movement speed was determined for the right corner of the mouth in the 

antero-posterior direction (P≤0.001). 

Conclusions 

1. The natural smile had shorter lateral movement distance of the right corner of the mouth, longer movement 

durations and slower velocities of the lips when compared to the posed-maximum smile. 

2. Both the natural smile and the posed-maximum smile showed asymmetry in motions of the corners of the 

mouth in the lateral direction and in the antero-posterior direction in terms of movement distances and 

velocities. 
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論 文 審 査 の 結 果 の 要 旨 

 The purposes of this study were to examine quantitatively if there were differences in the motion of the lips 

between the natural smile and the posed smile and between the right side and the left side during the act of 

smiling in 30 Japanese healthy young women. 

 The natural smile was characterized by shorter lateral movement distance of the right corner of the mouth, 

longer movement duration and slower velocity when compared to the posed-maximum smile.  Both the natural 

smile and the posed-maximum smile showed asymmetry in motion that was sensitive to the lateral and 

antero-posterior directions in terms of the movement distance and the velocity. 

 The results of the present study described above will contribute to assessing dentofacial problems and related 

treatment outcomes in oral health sciences and also to understand the semantics of emotional expressions in the 

neuro- and socio-pshychological contexts.  Therefore, the reviewers of this thesis dissertation agree that the 

work provided is of great scientific value and strongly recommend Ms. Evelina del Carmen Montero to obtain her 

PhD doctoral degree. 



<<
  /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>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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.)
  >>
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


