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ABSTRACT   

A fiber-based dual-wavelength confocal Raman spectroscopy with handheld probe for skin measurement was introduced. 

The system achieved fast and noninvasive spectra acquisition at different depths of skin in both fingerprint region and 

high wavenumber region. The system performance was benchmarked with a commercial confocal Raman system to 

prove its reliable spectra quality. Moreover, a case study on eczema patient showed that our system is able to 

differentiate spectra from patient and healthy volunteers, indicating its great potential to facilitate future diagnosis in skin 

diseases. 
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1. INTRODUCTION  

Raman spectroscopy is based on the inelastic scattering of photons when molecules are excited1,2. It has wide biomedical 

applications including DNA/RNA analysis, cell sorting, and disease diagnosis etc., due to its noninvasiveness, excellent 

specificity, and high sensitivity. Confocal Raman spectroscopy (CRS) with depth profiling capability has shown great 

potential in dermatological applications3,4 with both structural and biochemical information of skin obtained. It can 

noninvasively and fast identify various essential skin components including ceramide, natural moisturizing factors 

(NMF), urea and urocanic acid etc., which is helpful to determine the skin barrier function and diagnose skin diseases. 

Existing commercial confocal Raman spectroscopy systems have achieved promising results in noninvasive skin 

monitoring, having depth profiling capability and powerful database for biochemical component analysis1,5,6. However, 

they are bulky and not portable. They are benchtop devices and not flexible to measure different body parts. Moreover, 

the data acquisition covering all depths are time consuming since two separate scans are needed for the dual-wavelength 

system. In that case, the patient movement during measurement may cause depth mismatch of the two scans and the total 

measurement time is more than double of one single wavelength scanning. To overcome the challenges faced by 

commercial systems, we have developed a novel fiber-based confocal Raman spectroscopy system with a handheld 

probe which facilitates easy access to various body parts like face, arm and thigh etc7. In next sections, the system design 

will be introduced, followed by the performance benchmarking with commercial system and a case study on an eczema 

patient. 
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2. METHODS 

2.1  Instrument design 

 

Figure 1. Schematic of fiber-based confocal Raman system. CM: collimator; NF: notch filer; DM: dichroic mirror; DPLCF: dual-

pass band laser cleansing filter; MMF: multimode fiber; SMF: single-mode fiber. 

As shown in Figure 1, 671 nm and 785 nm lasers were coupled into a fast fiber switch. The output from fiber-switch 

passed a DPLCF to filter out interfering fluorescence generated by fiber. The filtered output was then reflected and 

focused on sample by a dichroic mirror and microscope objective (1NA, 60x). Received photons were filtered by a notch 

filter to reject Rayleigh scattering and before going into a multimode fiber (MMF, 25um, 0.1NA), which is connected to 

spectrometer. Motor was employed to adjust focal point up and down to achieve depth scanning. Bulky components 

were sited in a portable trolley to move around, and compact optical components were enclosed in a handheld probe to 

reach different measurement sites.  

3. RESULTS AND DISCUSSION 

3.1 Performance benchmarking 

The performance of our fiber-based CRS with handheld probe were benchmarked with commercial benchtop CRS in 

terms of spectra quality. Both systems adopted two wavelengths including 671nm and 785nm to obtain fingerprint (FP) 

region (450 to 1750 cm-1) and high wavenumber (HW) region (450 to 1750 cm-1). FP region contains most prominent 

Raman peaks of essential skin components which are normally used for spectra unmixing and analysis. On the other 

hand, HW region contains large and broad water peak which is critical for water concentration analysis. In the 

experiment, a healthy volunteer’s palm was marked with to fix the location and then measured by both systems. The 

integrations times were set to 2s and depths were set to 50um with 10um step size for all acquisitions. For the 

commercial CRS, due to system operation limitation, 785nm was firstly selected in GUI to get FP spectra at all depths. 

Then, motor was homed to starting position and after 671nm was selected, the scanning procedure was repeated again to 

get HW spectra at the same depths. For the homebuilt CRS, users only need to set depth, step size and integration time 

once to obtain the entire spectra at all depths, since 671nm and 785nm lasers are automatically switched at each position. 

Figure 2 shows the spectra obtained from the two systems. It can be seen that both the spectra show clear Raman peaks 

at the top layers of skin, corresponding to stratum corneum. As focal point went deeper in skin, the peaks gradually 

vanished, indicating the boundary with stratum granulosom. The spectra quality of both systems are comparable in terms 

of signal-to-noise ratio, Raman peak shapes and relative intensities, despite that the axial resolution of fiber-based system 
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is poorer limited by the low NA of fibers. Due to this limitation, the intensity decreasing is slower than commercial 

system’s spectra. 

 

Figure 2. Performance comparison of commercial CRS and homebuilt CRS: Raman spectra obtained on a healthy volunteer’s 

palm at different depths by (a) commercial benchtop system and (b) homebuilt fiber-based system with handheld probe. 

3.2 Case study on eczema patient 

Eczema, also known as atopic dermatitis is a chronic and complicated common skin disease which can be caused by 

genes and environment8. It has been reported to be associated with Filaggrin loss-of-function mutations9, which is used 

to condense keratin and strengthen skin barrier function10. Since Raman spectroscopy can identify and quantify various 

skin components, it can be a good tool for eczema diagnosis. In order to evaluate the potential of our system in skin 

disease diagnosis, we conducted the skin measurement on an eczema patient and a healthy volunteer to compare the 

spectra difference. The integration time was set to 2s and measurement site was the eczema area on patient’s forearm and 

the same location of healthy volunteer. We compared the spectra with strongest 1600cm-1 peaks for eczema patient and 

healthy volunteer to ensure the same depth. Figure 3 shows the obtained Raman spectra, in which the phosphodiester, 

Amide I and water peaks are lower for eczema patients. Low phosphodiester and Amide I peaks originated from keratin 

indicated the lack of keratin as expected, which plays a key role to maintain the water level in skin from ambient 

environment11. Inefficiency of keratin thus leads to lower water in HW region.  

 

Figure 3. Raman spectra of healthy volunteer and eczema patient at the same depth. 
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4. CONCLUSION 

In this proceeding, we reported a fiber-based dual-wavelength CRS with a handheld probe. The system design has been 

introduced and system performance has been benchmarked with commercial CRS. A preliminary study has been done a 

healthy volunteer and eczema patients to evaluate the system capability in clinical applications. Being able to acquire 

skin Raman spectra at different depths in a fast and noninvasive way, our system has shown great potential in skin 

disease diagnosis and treatment monitoring. In future study, a larger scale clinical trial will be conducted and the 

corresponding algorithm for automatic disease severity evaluation based on different components levels will be 

developed to further assist skin disease diagnosis.  
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