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Analysis of raman spectra during excitation at wavelengths 532 and

785nm for rapid skin tumors diagnosis
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Raman microspectroscopy is an important method for skin cancer diagnosis in the early stages. The differentiation

of malignant skin tumors (basal cell carcinomas of the skin, squamous cell carcinomas), benign skin tumors

(papillomas) and healthy skin was carried out by acquiring Raman spectra in vitro with laser excitation at

wavelengths of 532 and 785 nm and analyzing them using the principal component method. A comparison of

the spectral features of the components with known peaks of molecular vibrations was carried out. It has been

shown that differential diagnosis at an excitation wavelength of 785 nm is more reliable than at 532 nm, providing

a probability of correct classification above 90%. The proposed methods can be applied for in vivo analysis for

non-invasive rapid diagnostics using appropriate equipment for spectra registration.
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Introduction

Early detection of skin malignancies is an extremely

important social problem in accordance with the statistical

data on morbidity and mortality in the Russian Federation

and abroad [1]. At early pathology stages, clinical manifes-

tations of a neoplasm are mild and differential diagnosis

is required, but, if no instrumentation is used, may be

only provided by high qualified medical personnel. A

final diagnosis is determined with high accuracy only using

histologic examination of surgically removed tissues that

may negatively affect the treatment efficacy [2]. Whilst the

existing non-invasive methods and tools that are widely used

in oncodermatology (dermatoscopy [3], thermometry [4],
high-frequency ultrasonic skin scanning [5], cross-polarized
optical coherent tomography [6], spectroscopy and terahertz

visualization [7]) do not provide sufficient efficacy of early

diagnosis [2,8]. The development of non-invasive express

diagnosis methods for skin malignancies is an important

issue whose solution will considerable increase the prob-

ability of early cancer detection and favorable treatment

outcome.

Any changes in the tissue cell structure may be detected

with high accuracy using the Raman scattering (RS)
microspectroscopy therefore this procedure is widely used

to distinguish different types of tumors. Some studies

have reported successful distinguishing of skin malignancies

from normal skin; thus, the authors of [9] proposed to

distinguish Raman scattering spectra of basal cell carcinoma

(BCC), squamous cell carcinoma (SCC), actinic keratosis

induced by benign neoplasms and normal tissues using prin-

cipal component analysis/discriminant analysis (PCA/DA)
and partial least squares/discriminant analysis (PLS/DA)
method. The obtained data have shown that spectral

features of lipids and proteins may be efficiently used for

the differential diagnosis. The algorithms distinguished the

spectra of skin malignancies rom benign and normal tissues

with an accuracy of 82.8% and 91.9%, respectively.

This study compares the performance of the principal

component method for RS spectra analysis when using

532 nm and 785 nm excitation wavelengths in order to

distinguish BCC, SCC and papilloma from normal skin.

532 nm laser emission excites unwanted intense fluores-

cence as opposed to 785 nm that helps minimize the

background fluorescence of tissue and, therefore, may be

ideal for the measurement of a fresh tissue [8,10,11]. Laser
light penetration depth and degree of scattering depend

both on the wavelength and tissue properties, therefore

employment of various laser excitation wavelengths has

good prospects. The addressed algorithms are universal and

may be used both for in vitro analysis of surgically removed

parts of skin and for in vivo analysis with noninvasive

diagnosis using the appropriate equipment for RS spectra

recording.

Experimental

Surgically removed normal skin areas and tumors with

non-damaged tissue were used as test samples (5 normal
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Figure 1. (a) RS spectra of natural skin (green line), BCC (blue line), SCC (pink line) and papilloma (orange line) in 532 nm laser

excitation (left-hand vertical scale) and highlighted main components (loads) (PC2, gray line; PC3, red line; right-hand vertical line).
Distribution of coefficients (counts) for the three first components in the form of a 3D diagram (b) and its projections (c, d); marker colors

correspond to line colors in the figure (a).

skin, 7 BSS, 5 SCC, 3 papilloma samples). For each sam-

ple, 10 to 15 spectra were measured.

The RS spectra were measured using Renishaw inVia

Basis spectrometer (inVia InSpect, Renishaw) with 532 nm

and 785 nm wavelengths. When measuring 532 nm exci-

tation spectra, power up to 20mW was used, acquisition

time was 2 s. Measurements at 785 nm were carried out at

45mW and acquisition time 10 s [8]. For 532 nm excitation

wavelength, a lower laser power and shorter exposure shall

be used to avoid the failure of biological samples. These

operating conditions were chosen as the best possible ones

that do not result in visible damage of the samples and

ensure good signal-to-noise ratio. Morphology of skin tissue

samples remained without visible changes and has no signs

of laser scarring after laser exposure.

Spectra processing included removal of the fluorescence

background and spectra smoothing in OriginPro software

suite (OriginPro 2019b 9.6.5.169). The sample spectra

were divided into groups by the histopathology results,

then the principal component analysis was used. PCA is

the method that converts potentially correlated variables to

a lower number of non-correlated variables — principal

components. Diagrams of the obtained principal compo-

nents (loads) vs. wave numbers help describe biochemical

differences in RS spectra and illustrate various groups of

spectra corresponding to normal skin and tumors. We have

addressed the main known bands in RS spectra typical

for various biotissue molecule vibrations and compared

this information with values from the principal component

curves in the corresponding spectral bands.

Results and discussion

This section provides the PCA results for RS spectra

of normal skin and skin tumor samples measured with

excitation at 532 nm and 785 nm, and the differentiation

results based on the first three principal components.

Optics and Spectroscopy, 2024, Vol. 132, No. 1
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Table 1. The main molecular vibration bands in the RS spectra at 532 nm excitation wavelength and corresponding values on the

principal component diagrams

RS band, cm−1 Explanation Content PC2 PC3 Source

936 ν(CC) Proteins (α-helix), + − [12]
collagen

971 ν(C−C) phospholipids − + [13]
1002 ν(CProteins −C), (Phe), + − [8,11–13]

phenylalanine carotenoids

1032 δ(CHProteins 2CH3), + [13]
phenylalanine, proline

1085 ν(CC), ν(CN) Lipids, proteins, − + [11]
nucleic acids

1130 ν(CC), ν(CN) Lipids, proteins, − [8,11,14]
ceramides

1155 ν(CC), Proteins ν(CN) , − − [11,14]
carotenoids

1210 ν(C-C6H5), phenylalanine, Proteins(Phe) [11,15]
thymine, adenine, amide III

1248 amide III Proteins (α-helix), + [16]
collagen, elastin

1265 amide III ( α-helix), Proteins(α-helix), + [14,16]
ν(CN) collagen, elastin, keratin

1301 τ (CH2, CH3) Lipids, proteins, → ← [11,14,16,17]
triolein

1336 ω(CH2, CH3) Lipids, proteins, elastin − [11,14]
nucleic acids

1440 δ(CH2), δ(CH3) Lipids, proteins, triolein → ← [11,14,16]
1515 ν(C=C) Carotenoids − [11,18]
1555 ν(C=C) tryptophan [8,14,15]
1585 δ(C=C), phenylalanine, Proteins(Phe) [8,14,19,20]

ν(C=C)
1655 amideI, ν(C=C) Lipids, proteins ← + [8,11,14,16,21]

(α-helix), triolein
1744 ν(C=O) Lipids → [8,11,22]

1. PCA analysis at 532 nm laser excitation

The spectral lines were interpreted using the literature

data [8–17], see Table 1 for details. These lines, measured

middle RS spectra for each type of samples at 532 nm

excitation wavelength and principal component (load)
curves #2 (PC2) and #3 (PC3) are shown in Figure 1, a.

Principal component #1 contains spectral bands typical for

all samples and does not show significant difference between

groups [18].

Thus, the positive component of PC2 mainly includes the

bands (marked with
”
+“ in column PC2 Table 1) assigned

to proteins and correlates with spectral features of BCC

and SCC (mean coefficients (counts) are equal to 0.13 and

1.05, respectively); the negative component contains the

bands (marked with
”
−“ in Table 1) assigned to proteins

and lipids and correlates with RS spectra of normal skin

and papilloma (mean coefficients (counts) are equal to

−0.38 and −0.89, respectively). The positive component

of PC3 (bands marked with
”
+“ in column PC3 Table 1)

correlates with proteins and lipids and mainly represents

a normal skin count dispersion area (mean coefficient

is 0.78); the negative component correlates with proteins

and carotenoids and is associated with skin malignancies

(mean coefficients are −0.33,−0.65 and −0.26 for BCC,

SCC and papilloma, respectively). In addition, PC2 and PC3

components are responsible for peak shifts in bands 1302,

1440 and 1650 cm−1 (marked with
”
→“ and

”
←“ in

Table 1).

To confirm the relevance and sufficiency of highlighted

spectral features for differentiation between normal skin and

tumors, classification efficiency using MATLAB Classifica-

tion Learner (R2022b, MathWorks) was assessed. Linear

discriminant analysis and quadratic discriminant analysis

(LDA and QDA, respectively) [8,23] were used for the three

first principal components (PC) and their efficiency was

assessed using classification matrices and ROC (receiver
operating characteristic curves) [8,24–27]. Results for four
skin tissue classes (normal skin, BCC, SCC and papilloma)
are shown in Figure 2.

ROC curves (Figure 2, a and b) display the changes in

the true-positive results level compared with false-positive

results level with different separation thresholds for each

Optics and Spectroscopy, 2024, Vol. 132, No. 1
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Figure 2. Classification of normal skin, BCC, SCC and papilloma samples in vitro at 532 nm laser excitation using linear (a, c) and

quadratic (b, d) discriminant analysis. ROC — curves with AUC values for normal skin, BCC, SCC and papilloma (a, b); c, d —
corresponding classification matrices (percentage values are given).

sample class. ROC AUC (area under curve) estimates

indicate the general method efficiency, in particular, normal

skin, BCC, SCC and papilloma values were equal to 0.94,

0.77, 0.93 and 0.99, respectively, when using LDA, and

a little higher — 0.97, 0.92, 0.99 and 0.99, respectively,

for QDA. Classification matrices (Figure 2, c and d) show

the probability of assignment to any class as a result

of classification (predicted class) depending on the true

class for optimum separation thresholds; diagonal values

correspond to true classification data for each class. Thus,

SCC was correctly detected in 90% (LDA) and 95% (QDA)

cases, while normal skin was correctly classified in 76.9%

(LDA) and 96.2% (QDA) cases. Partial overlapping of dots

cluster classified as BCC with clusters representing normal

skin and SCC (Figure 1) hinders their efficient separation

using the discriminant analysis that results in quite low

degree of correct classification (44.4%) for BCC.

2. PCA with 785 nm laser excitation Comparison data of

molecular vibration bands with principal component values

are listed in Table 2. Middle RS spectra for each type

of samples at 785 nm excitation wavelength and principal

component (load) curves #2 (PC2) and #3 (PC3) are shown

in Figure 3, a.

As shown in Table 2 (marked with
”
+“ and

”
−“), the

positive component of PC2 includes protein and lipid bands

typical for normal skin and BCC (mean coefficients (counts)
are equal to 0.92 and 0.62,respectively); the negative

component includes protein and carotenoid components

whose bands coincide with the spectral features of SCC

(mean coefficient is −0.28) and papilloma (−1.32). The

positive component of PC3 may be assigned to proteins, it

reflects to a great extent the SCC features (mean coefficient

is 1.6) and BCC features (0.21); the negative component

includes lipids, proteins and carotenoids and correlates with

the spectral features of natural skin and papilloma (mean

coefficients are − 0.48 and − 0.77, respectively).

Similar to the data obtained at 532 nm, RS spectra of

various classes of samples demonstrate significant differ-

ences at 785 nm, and, thus, representative features have

been identified using PCA, and normal skin and tumors

were efficiently classified using LDA and QDA for the three

first PC (Figure 4). ROC curves shown in Figure 4, a

and b indicate that classification using spectra at 785 nm

Optics and Spectroscopy, 2024, Vol. 132, No. 1
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Table 2. The main molecular vibration bands in the RS spectra at 785 nm excitation wavelength and corresponding values on the

principal component diagrams

RS band, cm−1 Explanation Content PC2 PC3 Source

proteins 936 ν(CC) (α-helix), + + [12]
collagen

971 ν(C−C) phospholipids + − [13]
1002 ν(CProteins −C), (Phe), − [8,11-13]

phenylalanine carotenoids

proteins1032 δ(CH2CH3), ← + [13]
phenylalanine, proline

1062 ν(CC) Lipids, ceramides + [14,16]
1082 ν(CC), ν(CN) phospholipids, nucleic − [11]

acids, triolein

1130 ν(CC), ν(CN) Lipids, proteins, [8,11,14]
ceramides

1155 ν(CC), ν(CN) Proteins, arotinoids − − [11,14]
1210 ν(C-C6H5), phenylalanine, Proteins(Phe) + [11,15]

thymine, adenine, amide III

1248 amide III Proteins (α-helix), [16]
collagen, elastin

1265 amide III ( α-helix), Proteins (α-helix), − [14,16]
ν(CN) collagen, elastin, keratin

1301 τ (CH2, CH3) + −Lipids, proteins, triolein [11,14,16,17]
1336 ω(CH2, CH3) Lipids, proteins, [11,14]

nucleic acids, elastin

1440 δ(CH2), δ(CH3) Lipids, proteins, triolein ← → [11,14,16]
1517 ν(C=C) Carotenoids − − [11,18]
1555 ν(C=C) tryptophan [8,14,15]
1582 δ(C=C), phenylalanine, Proteins(Phe) [8,14,19,20]

ν(C=C)
1655 amideI, ν(C=C) Lipids, proteins(α-helix), ← ← [8,11,14,16,21]

triolein

1744 ν(C=O) Lipids + − [8,11,22]

excitation wavelength is more reliable than that based on

data obtained at 532 nm. Actually, ROC AUC LDA data

for normal skin, BCC, SCC and papilloma classes were

equal to 0.98, 0.99, 0.996 and 1, respectively; for QDA, they

were 0.996, 0.99, ∼ 1 and 1. According to the classification

matrices (Figure 4, c and d), SCC and papilloma may be

properly distinguished rom normal skin and BCC in all

cases for the both types of analysis. True classification data

for normal skin and BCC were 76 and 82.4%, respectively,

for LDA and achieved 92% and 88.2% for QDA. Despite

overlapping of regions corresponding to different classes in

PC projections (Figure 3, c and d), they may be separated

in 3D space (Figure 3, b) resulting in better classification of

BCC and normal skin tissue than at 532 nm.

Conclusion

The study performed in vitro analysis of RS spectra of

skin malignancies using the principal component method

and interpretation of highlighted spectral features in ac-

cordance with the known data on molecular vibrations.

According to the findings, the positive component of

PC2 at 532 nm mainly includes proteins and correlates

with SCC features, while the negative component includes

proteins and lipids correlating with the spectral features of

normal skin and papilloma. The positive component of

PC3 includes proteins and lipids whose spectral features

correspond to normal skin; the negative component contains

protein and carotenoid features associated with tumors.

At 785 nm, the positive component of PC2 corresponds

to proteins and lipids and includes spectral features of

normal skin and BCC; the negative component corresponds

to proteins and carotenoids, including SCC and papilloma

features. The positive component of PC3 includes proteins

corresponding to SCC and BCC features, while the neg-

ative component indicates lipids, proteins and carotenoids

corresponding to normal skin and papilloma. Analysis of

individual spectral bands shows that the identified features

are similar at 532 nm and 785 nm laser excitation, however,

signal-to-noise ratio for 785 nm is higher due to lower

background fluorescence. excitation at 785 nm results in

considerable increase in RS intensity of particular vibration

modes corresponding to chromophores that absorb near this

excitation wavelength. As a result, the differences between

Optics and Spectroscopy, 2024, Vol. 132, No. 1
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Figure 3. (a) RS spectra of natural skin (green line), BCC (blue line), SCC (pink line) and papilloma (orange line) in 785 nm laser

excitation (left-hand vertical scale) and highlighted main components (loads) (PC2, gray line; PC3, red line; right-hand vertical line).
Distribution of coefficients (counts) for the three first components in the form of a 3D diagram (b) and its projections (c, d); marker colors

correspond to line colors in the figure (a).

the RS spectra of normal skin and tumors (BCC, SCC)

may be associated with the change in protein structure in

tumor cells as well as with the decrease in the intensity

of lipid-specific bands. Therefore, the differential diagnosis

using RS spectra measures at 785 nm is more reliable

than at 532 nm and achieves the probability of correct

classification higher than 92%. The addressed methods

may be used in the same way for in vivo analysis

and differentiation and, if the corresponding RS spectra

measurement equipment is present, may be the basis for

creation of automated systems for noninvasive express

diagnosis of skin neoplasms. Further development of tools

for early detection by the RS spectroscopy methods may be

associated with multispectral data processing (at different

excitation wavelengths) and extension of the test vibration

peak range.
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