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Fig. 1 Device of spatially offset Raman spectroscopy
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Fig.4 A collection of 70 original spectra and 70 spectra after baseline calibration
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Table 1 Results of spectroscopic methods for subjects 1-7(%)

Subject Relative water content( %) of 10 palm positions
No. Al A2 A3 A4 A5 A6 A7 A8 A9 A10
1 60 60 60 56 59 60 58 58 55 55
2 58 64 64 69 66 58 65 58 58 56
3 60 58 55 53 53 58 58 60 60 56
4 56 59 55 55 55 58 58 60 60 56
5 48 50 46 47 47 55 56 55 53 53
6 56 53 53 53 50 58 58 55 53 48
7 68 66 69 69 64 69 72 65 66 66

x2 1TSERENRFRLER(%)
Table 2 Results of electrical conductivity methods for subjects 1-7(%)

Subject Relative water content( %) of 10 palm positions
No. Al A2 A3 A4 A5 A6 A7 A8 A9 A10
1 57 58 57 53 56 57 55 55 53 53
2 55 61 60 65 57 56 63 54 57 54
3 58 56 53 50 51 59 60 58 54 52
4 54 57 53 52 52 56 57 58 58 55
5 45 48 43 45 42 53 55 52 50 41
6 54 50 50 49 38 57 53 49 47 34
7 72 71 67 71 72 66 75 59 62 61
22 —HMES

H WA REICC) % T4 A 8] 05 v 34 sl 1l A 53 %) [6] — 7 2 D 45 2R 9 — Bove fn] 8042
PETICC =67/ (of +oi + of ) Horb ol Y E AR, 00 h R GE1R2E CRNEER %) L of Ry BEHLIR 25 1
RS S AHOC T AR f SPSS U7 ik 58 WL, e £ AT HEVE 2 B 7 D RE L 8 HTAE F T 550 43 B Y Allpha B R | o 2 Al
BAEERN—F 12,0078 TR ,0.35<Ca<<0.70 £ A LI4EZ ,a<<0.35 )& TIRA5 % .

X 5 e T B 3 FH 2 PR A O ZR B, A P9 AH G R B LTS AT = R 4 i) 2 B ) B BT OB ) i ATL RN AL ]
RBA . Horb, PO HLE BN T PR 45 SR 0y a) B 5 Pk o 0Upm) Bl ATLASE Y 5 00 ) TR 5 A AL 42200, 3Lie R
AR PEA w] 8 A e, G b U] BE LA R 3 T R AT 2 TR R B A 1 T A B 5 T A 1) T 5 A5 R Y 45 2R
ACRR T 25 58 M P AP I A, AN REHE IR HL At o PRI AS ARS8 e 8 XU ) TR A B A o R S 43 R P AR DE A 2R AL
I3 R — B AR — B, B B S ADE IR A R B S KR R A S bR, R — ST
Beo THRMEE IR L 3, 45 AL & T A A ¢ R B I 9500 BEAF X ), A B I i (Single measurement)

0930003-5



¥ % il

A LUAS TF A B 45 1 R HE M ST 24790 B (Average measurement) oA 5 (KB4 . b BN 4 PN A O R B
7 0.889 AT LAFE H , WG i 5 v ) AG: I 45 SR AT A v 1 — B0 A 56 T 2 [R) 7 2 0l 15 12 0 4G 00 2he 8 X8 B2 ok %) 97 0
FERIEAS A&, I FH B in i R

®3I ANEXRHBER

Table 3 Interclass correlation coefficient

95% confidence interval

1CC

Lower limit Upper limit
Single measurement 0.889 0.827 0.930
Average measurement 0.941 0.906 0.964
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Table 4 ICC for different spatially offsets

Spatially offset/pm Relative strength of water ICC for different spatially offsets
200 0.122 0.612
300 0.101 0.889
500 0.023 0.316
1000 0.050 0.544
3 Hig
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Noninvasive Detection of Skin Moisture Content Based on Spatially
Offset Raman Spectroscopy

YUAN Rongsui', WU Zhigiang’, NIE Rongzhi’, ZHONG Wenting', ZHANG Keqin'
(1 Guangzi Food and Drug Evaluation & Inspection Center, Nanning 530000, China)
(2 Guangzi Medical Device Testing Center, Nanning 530000, China)
(3 Department of Public Foundation Education, Hezhou University, Hezhou 542899, China)
(4 College of Textile and Clothing Engineering , Soochow University, Suzhou 215021, China)

Abstract: In this study, the feasibility of detecting skin water content based on spatial displacement Raman
spectroscopy and portable fiber optic spectrometer was explored. A device was constructed that can achieve
an optimal spatial displacement distance of 300 pm. It is selected to detect signals noninvasively under the
surface of the skin and reduce the interference of pollutants such as water and oil on the surface of the skin.
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Instead of using the traditional spatial shift Raman spectroscopy device to achieve the relative shift of
excitation point and collection point by mechanical offset or light blocking, a micro-shiftable light source
was set up to adjust the spatial shift by using the conjugate relationship between the light source and the
excitation point, and at the same time, a microscopic imaging device was introduced to control the
adjustment, which finally realized the continuous adjustable spatial shift of less than 1 000 pm.

The ratio of the intensity of Raman shift at 3 390 cm™ ' (water Raman peak) and 2 935 cm™ ' (protein
Raman peak) is employed to characterize the skin moisture content, a portable spectrometer is employed to
make the device moveable, the probe and the spectrometer are connected by optical fiber to make the probe
flexible. Therefore, the design meets the clinical requirements. In total, 70 spectra from different locations
were collected (7 people, 10 spectra each) in the experiment, and the spectra were processed by a
de—backgrounding algorithm, and then the exact Raman peak intensity was obtained. The intra-group
correlation coefficient was used as an index for consistency analysis. The intra—group correlation coefficient
of 0.889 for a single measurement showed that the results of the two methods were in good agreement.

In this study, four experiments with different spatial displacement amounts were set up, and the
spatial displacement distances were 200 pm, 300 pm, 500 pm and 1 000 pm. The skin spectra from the
same person at the same location measured under different spatial displacement amounts can be seen to be
significantly different only in signal intensity, while there is no significant and regular change in the spectral
profile and details, and it is impossible to distinguish which spectrum is better The results of the
quantitative analysis can only be judged by the results of the quantitative analysis. The experimental and
analytical procedures described above were repeated at four spatial shifts in the study, and it was finally
confirmed that the best results could be obtained at a spatial shift of 300 pm.

After proving the spatial sensitivity of the device by statistical methods and obtaining the optimal
device parameters, we also hope to conclude a more intuitive method to quickly judge the signal superiority
by spectral characteristics. As the spatial displacement distance increases, the spectral height decreases in
turn, but the consistency shows a trend of first increasing, then decreasing and then increasing with the
decreasing spectral height, there is no rule, so we cannot judge the signal superiority from the spectral
height. We note that even for the same person at the same location, the relative intensity of the water signal
(the ratio of the intensity of the Raman shift at 3 390 cm™ ' and 2 935 cm ') is not equal under the detection
conditions of different spatial shift distances, the reason is that not all depths of the skin can correctly reflect
the water content. Overall, if the relative intensity of the water signal is less than 0.05, then the detection
results will only have low confidence, for example, when the spatial displacement distance is 500 pm in the
experiment, the relative intensity of the water signal is only 0.023, and the intra-group correlation
coefficient is only 0.316. Under such conditions, it is necessary to adjust the optical path or check whether
the skin of the subject has damage, scars and other problems; if the relative intensity of the water signal is
close to 0.10, you can judge that the optical path configuration at this time is basically qualified, only need
further fine tuning to determine the best parameters, the empirical method can quickly and effectively filter
the weak signal, strong background spectrum, improve the efficiency of the study.

It is proved that the experimental device can obtain a spectrum with good repeatability. The design of
the fiber spectrometer and probe separation also meets the practical requirements, which is convenient for a
large number of human body measurement experiments and has the potential to be transformed into medical
devices. Indicating that the skin water content measured based on the spatial displacement Raman
spectroscopy has high effectiveness and is expected to achieve convenient detection of the skin inner water
content.
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