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Abstract – The skin is the largest multifunctional organ in 

the body. It behaves as a protective physical barrier by 

absorbing UV radiation, preventing microorganism invasion 

and chemical penetration, and controlling the passage of water 

and electrolytes.  There is always a need for developing a novel 

application for epidermal thickness estimation by non-

invasive methods. Non-invasive methods such as Montecarlo 

method, Infrared diffuse reflection spectroscopy, Infrared 

light method, Pulsed Ultra Sound, Optical Coherence 

Tomography, Laser Scanning Microscopy are some of the 

widely used methods for epidermis thickness estimation. A 

cost effective non-invasive method to determine epidermal 

thickness from the intensity of light transmitted in visible 

region is proposed. Light is passed through the epidermis 

layers, and then measured what is transmitted back out of the 

surface. It is observed that transmittance is linearly dependent 

on the thickness of the epidermis and thus the method can be 

used for thickness estimation. 
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I. INTRODUCTION 
 

Skin thickness determination is valuable for various 

applications. The thickness of skin tissue and the individual 

layers provide valuable diagnostic information in a number 

of circumstances. For example, skin thickness is an 

important indicator of changes in the skin due to 

chronological ageing and photo ageing. Skin thickness 

measurements also provide important information related to 

a variety of endocrine disorders. 

Skin thickness is an important skin property in 

cosmetology, dermatology and pharmaceutical science. It 

varies significantly between the face and other body parts, 

and changes with age and environment factors. Changes 

that markedly affect aesthetics, such as wrinkles, sagging 

and skin elasticity are the result of physiological changes in 

the epidermis and dermis layers. Measuring the structural 

conditions of the epidermis and dermis has, until now, only 

been possible using complex methods and has required 

cumbersome equipment.  
 

 

 

 

 

        
Fig. a.  View of a multilayered structure of the epidermis, 

dermis and hypodermis, along with path of a single photon 

within the skin. 

 

II. INVASIVE & NON-INVASIVE THICKNESS 

MEASUREMENT 

 

Techniques that can be used to measure the thickness of 

the epidermis can be categorized in two groups 

(a) Invasive:  
In Invasive techniques thin cross-sections is obtained 

from biopsies and prepared using the conventional paraffin-

formalin preservation method. This method, offers large 

amount of data about the sample, has less than 1 μm 

resolution in deep tissues. Unfortunately, during 

preparation of the tissue, it deforms and changes the 

thickness of the sample, due to this reason this method is 

not used for exact epidermal thickness measurements. 

(b) Non-Invasive: 
This technique employs two common methods as follows  

(1) Laser Scanning Microscopy (LSM): 
It is considered a high resolution technique with less than 

1 μm resolution. It has the advantage that it produces very 

good quality horizontal images of the skin but the 

disadvantage is that a fluorescent agent must be injected to 

ensure a good image and to determine the exact thickness 

of the epidermis. 

(2) Optical Coherence Tomography (OCT): 
It has a typical resolution of 10–30 μm. It is used to obtain 

images at depths in the range of millimeters. Its advantage 

is that vertical or in-depth images are better captured but 

disadvantage is that contrasting agent must be applied. 

The above two non-invasive can be efficiently used to 

determine skin thickness, but these techniques are 

expensive and difficult to implement. We propose an 

alternative to the above mentioned technique in the present 

study: a simple and economic technique, which is non-
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invasive and capable of determining epidermal thickness as 

a function of the measured transmittance in the visible 

region of the spectrum. The proposed method is based on 

the study made by Meglinski and Matcher in which the 

spatial distribution of detector sensitivity, inside a 

multilayer medium with strong scattering and absorption, is 

analyzed.   

 

III. EXPERIMENTAL SETUP 
 

 
Fig. b. Experimental setup used to measure the transmitted 

light intensity 

 

As shown in fig b. The experimental setup consists of a 

halogen light source, an Ocean Optics spectrometer and a 

reflectance fiber. The reflectance fiber has a central fiber 

and six outer fibers joined together. The central fiber is 

connected to the spectrometer and the outer fibers are 

connected to the light source, such that one collection fiber 

and six illumination fibers are available. The light emitted 

from the source travels across all of the outer fibers until it 

reaches the skin. A portion of the reflected beam is collected 

by the central fiber, which carries the beam to the 

spectrometer, from there it is given to ADC or Data 

acquisition System and then to PC for further store, analysis 

and processing. 

 

IV. PROCEDURE 
 

The Experiment was carried on in each fingertip of the 

left hand of 10 persons. 

  

 
Fig c shows the Transmittance of five fingers in one of the 

sample. 

In order to calibrate our measurements, we determined 

the thickness of the fingertips using OCT images and then 

related them to the transmittance intensity measured for 

each fingertip. 

Once the images were acquired, it is identified the 

epidermal-dermal boundary by an imaginary line. For each 

image, ten data points (over the line mentioned above) were 

chosen to obtain the median epidermal thickness. 

 

 
Fig. d. shows the epidermal thickness measurements for 

thumb, ring, median, index and little finger for one subject 

 

 
Fig. e. shows the mean intensity of the transmittance 

measured in vivo, as a function of the mean epidermal 

thickness (obtained by OCT images). 

 

V. DISCUSSION 
 

Earlier different methods such as cross sections cuts, 

OCT and LSM were used to determine epidermis thickness. 

Each of these techniques has certain property that makes it 

suitable for specific applications. The proposed method 

demonstrates that a noninvasive technique, using 

transmittance can be used to determine epidermal thickness  

From the above procedure thumb has the greatest 

epidermal thickness and little finger has the least. The 

technique can be used as a simple, economic and non-

invasive method to measure epidermal thickness. 
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VI. CONCLUSION 

 
The technique proposed can effectively measure thickness 

of the epidermis, by a simple noninvasive transmittance 

measurement. The technique depends on OCT to compare 

the thickness to the measured transmittance. After the 

calibration is done we can measure the thickness of 

epidermis. Though this technique is not very accurate but it 

is very cheap method to determine thickness of the 

epidermis. 
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