
 
 
 

  In vivo, non-invasive, skin composition analysis 

 
 
 

 

 

 
 
For the first time ….a Raman instrument that meets the high standards required for 
practical measurements of biological tissue in vivo. 
 

• Fast -- for use in settings where time counts 

• Accurate -- for research, product development, and claims substantiation/verification 

• Reliable -- dependable for everyday lab use 

• Stable -- so today’s data can be quantitatively compared with tomorrow’s 

• Easy to use – to focus on the experiment, not the spectroscopy 

 

TM

Skin analysis in a new light 
The Model 3510 Skin Composition Analyzer puts skin analysis in a new light….literally.  It 
brings the power of Raman spectroscopy to in vivo skin research and product development.  
The most advanced and sensitive Raman hardware has been combined with dedicated 
instrument control and data-analysis software to enable you to obtain previously inaccessible 
information. 

Model 3510 
Skin Composition Analyzer
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The River Diagnostics Model 3510 provides a wealth of data on the molecular 
composition of the skin, the penetration of topically applied compounds into the skin, and 
their effects on the skin. And this information is obtained in vivo, non-invasively, rapidly, and 
with high spatial resolution.  

Raman data are obtained by 
focusing low power laser light in 
the skin and by measuring the 
Raman scattered light from the 
laser focus. 
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Raman spectroscopy 

 
Atoms in a molecule move about 
their equilibrium position in so-
called vibrational modes.  When 
light interacts with a molecule 
Raman scattering can occur.  In 
a Raman scattering event an 
incident photon transfers some of 
its energy to the molecule, which 
leads to the excitation of a 
vibrational mode in the molecule. 
It also results in the scattered 
photon having a lower energy 
than the incident photon by the 
exact same amount.  This energy 
difference is measured using a 
Raman spectrometer.  Usually 
the wavenumber shift ∆cm-1 is 
used, defined as ∆cm-1 = 
(1/λincident – 1/λRaman) * 10-7 (λ in 
nm).  The precise amount of 
energy required to excite a 
molecular vibration depends on 
the masses of the atoms involved 
in the vibration, their chemical 
bonds, molecular structure, and 
interactions of the molecule with 
its environment.  

 
This and the fact that a molecule of N atoms has 3N-6 independent 
vibrational modes, many of which can be Raman-active, means that 
Raman spectra are molecule specific. In complex mixtures all 
molecules contribute their signal to the overall Raman spectrum of the 
mixture. The Raman signal intensity of individual molecular species is 
linearly dependent on their concentration. This means that Raman 
spectroscopy is a very suitable technique for obtaining qualitative and 
quantitative information about the molecular composition of a sample, 
which may be a gas, a liquid, a solution, a suspension, a solid, or …. a 
biological tissue. 

High spatial resolution 
A meaningful analysis of the 
composition of skin requires 
spatial resolution sufficient to 
discriminate between different 
skin layers and to make 
measurements within a single 
layer like the stratum corneum.  
The model 3510 features 
confocal signal detection, 
resulting in the needed spatial 
resolution in skin of better than 5 
microns. 
Sensitive signal detection 
The intensity of the Raman 
signal is ~10 orders of 
magnitude weaker than the 
incident light, so highly efficient 
signal detection is required.  The 
sensitivity of the Model 3510 is 
second to none, enabling high 
quality data to be collected in 1 
to 10 seconds, using laser power 
settings within the maximum 
permissible exposure (MPE) 
limits for skin.* 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 

Stratum corneum volar aspect, lower forearm, 10s.
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Stratum corneum volar aspect, lower forearm, 10s.
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Figure 1    
 
Raman spectrum of skin
taken in vivo on the
forearm with the Model
3510.   

   
Spatial resolution: <5µm 
 
Data acquisition time: 10
sec. 

* per IEC 60825-1 (2001) 

  



Applications 

The Model 3510 delivers information critical for scientists engaged in design and 
development of products for application to the skin as well as for fundamental skin science 
investigations. 
 

Moisture in the skin 
The moisture content of the skin is crucial to its health and appearance.  Typical Raman 
moisture profiles taken from the forearm are shown in Figure 2.  Moisturization of skin is a 

key objective of many topical preparations for skin.  With the 
Model 3510, skin scientists can now measure in vivo moisture 
profiles in the stratum corneum before and after treatments 
designed to promote moisturization.  Being able to make such 
measurements entirely non-invasively and without disrupting the 
skin in any way allows, for the first time, valid comparison 
measurements to be made. 
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Figure 2.  Four depth profile scans of water concentration made in 
succession on the same subject on different locations on the volar 
aspect of the forearm.  The differences seen represent real biological 
variability.  Individual scans are repeatable with no discernable 
variation.  Spatial resolution: <5µ.  Data acquisition time: < 1 minute.  
See: P.J. Caspers et.al., Journal of Raman Spectroscopy 31  2000 

Natural Moisturizing Factor (NMF) 
The presence, location, and abundance of NMF are important information for skin 
scientists.  Examples of in vivo depth profiles of NMF obtained using River Diagnostics 
technology are shown in Figure 3.  
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Figure 3. The depth distribution of 
some of the NMF and sweat 
constituents found in the stratum 
corneum of the palm (thenar) is 
illustrated in this measurement.  
Individual constituent profiles are 
constructed from in vivo Raman 
spectra such as that shown in 
Figure 1, using data fitting with an 
appropriate database.  See: 
P.J.Caspers, et. al., Journal of 
Investigative Dermatology 116(3) 2001 

enetration of topically applied materials  
etermination of the presence, distribution, and persistence in the stratum corneum of topically 
pplied compounds is also possible using the Model 3510.  Researchers and product developers will 
cognize the great potential to study the behavior of, for example, compounds applied to the skin to 

romote moisturization. 

 



Technical features 
- Compact, integrated design of light delivery system, measurement stage and spectrometer 

- No moving parts in the spectrometer optical pathway for maximum optical stability 

- Two lasers, operating at 785nm and 671nm 

- Well-defined measuring volume 

- Internal calibration system: Absolute and relative wavenumber calibration standards are built 
into the spectrometer, allowing fast, accurate wavenumber shift calibration 

  

- Built-in video imaging system for selection of measurement location on the skin 

- Easy to use menu-driven application software with ready-made templates for instrument 
calibration and experimental measurements 

- Operation of spectrometer and measurement stage under computer control 

- Dedicated NIR-optimized microscope objective 

- Air-cooled CDD camera with deep depletion back-illuminated CCD chip for highest quantum 
efficiency in the NIR (up to 90% at 800nm) 

- Class 2M laser device – eye safe 

 

System performance 
 
Spectral range 
400-4500 cm-1 
 
Spectral resolution 
< 5 cm-1  
 
Depth resolution 
< 5µm 
 
Sensitivity 
Signal throughput from skin to detector >50% over the entire spectral range    

 
 
 

 

River Diagnostics is a trademark of River Diagnostics BV. 

TM 

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 
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Note: The Model 3510 is a class 2M laser device that emits visible and invisible laser radiation.
This class of laser product is deemed eye safe, but should be used with care.  Personnel
should not stare directly at the light beam nor view it directly with optical instruments. 


