
  
 
 
 
 
 
 

In vivo assessment of NMF content of skin 
at various body sites 

 
Introduction 
Natural moisturizing factor (NMF) is believed to 
be of primary importance for maintaining 
optimal hydration of the stratum corneum (SC). 
It is likely that removal of NMF may result in dry 
skin. For detailed studies of the effects of skin 
care products on skin NMF and skin hydration, 
noninvasive in vivo microscopic methods are 
highly desirable.  Such a method is now 
available from River Diagnostics.  
 
In vivo Confocal Raman Spectroscopy is a 
novel method using vibrational spectroscopy 
based on light scattering. River Diagnostics has 
recently introduced the model 3510 Skin 
Analyzer, a confocal Raman spectrometer 
optimized to directly measure living human skin. 
The instrument’s high spatial resolution and 
high signal throughput enable the study of 
variations in the molecular composition of the 
skin, especially the SC, as a function of depth. 
In the present work the technique was applied 
to measure NMF content at various body sites. 
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Figure 1. In vivo Raman spectroscopy with the 
Model 3510 Skin Composition Analyzer. Near 
infrared laser light of low intensity is focused on the 
skin. The Raman spectrum of the scattered light is 
analyzed, revealing the local molecular composition. 
Molecular concentration profiles are measured by 
varying the position of the laser focus through the 
depth of the SC. 

Experimental 
NMF profiles were measured on the thenar, 
volar forearm, volar upper arm, tip of the nose 
and cheek of two adult male subjects. Average 
NMF content over part of the SC was compared 
between body sites. 
  

 
 
Figure 2. Raman spectroscopy offers the possibility 
to non-invasively look inside the skin. 
 
Quantification of skin NMF was done by 
Classical Least Squares fitting of the in vivo 
Raman spectra, using a model set of in vitro 
spectra of skin components (see figure 3 and 
table 1). The NMF content was defined as the 
ratio between the fit coefficients of NMF and 
keratin. 
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Figure 3. Spectrum of the thenar at a depth of 20 
μm, the result of the fit and the residual spectrum 
(measurement – fit). 
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Results 
 
Figure 4 shows the concentration profiles of 
NMF in the palm (thenar) of the two subjects.  
Since NMF is formed by enzyme action in the 
bottom-most cellular layers of the SC, NMF 
composition profiles are an indication of the 
thickness of the SC.  Comparison of the two 
profiles in Figure 4 provides a measure of the 
difference in thickness of the SC between the 
two subjects. 
 
Figure 5 enables a direct comparison between 
subjects and body sites. Shown is the NMF 
content averaged over a selected part of the SC 
(refer to the figure for detail). Remarkably 
different NMF content is found at different body 
sites, with much lower NMF content in facial 
skin. 
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Figure  4. NMF profiles of the thenar. Ratio of 
spectral contributions due to NMF and keratin, versus 
depth. 
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Figure 5. Average NMF content at different body 
sites. NMF/keratin ratio was averaged from 10-80 μm 
for the thenar and 0-8 μm for other sites. The number 
of profiles averaged per subject is indicated above 
the bars. 
 
 
Conclusion 
Large differences were observed between NMF 
concentrations at different body sites with 
highest NMF content on the thenar. 
Surprisingly, the NMF content on the nose and 
cheek is much lower than on hands and arms.  
 
In vivo confocal Raman spectroscopy is a 
powerful, noninvasive method to obtain detailed 
information about molecular composition and 
distribution of the human skin. Because the 
technique is fast and non-destructive, changes 
and effects of treatment of the skin can be 
monitored over time. 
 
 
Reference 
[1] Caspers PJ, Lucassen GW, Carter EA, 
Bruining HA, and Puppels GJ, J. Invest. 
Dermatol., 116 (3), 434-442, 2001.

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Instruments for Breakthrough Skin Research   

Contract Research 

Partner in Product Development 

Advancing Knowledge in Skin Science 

River Diagnostics BV 
PO Box 25229 
3001 HE Rotterdam, NL 
Tel: +31 (0)10 408 9267 
Fax: +31 (0)10 408 9268 
e-mail: info@riverd.com 
www.riverd.com 

®®



<<
  /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 1.3
  /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>
    /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.)
    /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.)
  >>
  /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


