
 

Real-time molecular imaging of near-surface
tissue using Raman spectroscopy
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Representative results of the proposed approach on a porcine brain sample. a
Brightfield image of the sample, where the arrows indicate areas with a lipid-rich
and pharmaceutical compound. In the brightfield image it is not only challenging
to localize the regions but does not provide any possibility to differentiate
between regions. b Reconstructed Raman image provides the molecular
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distribution on the sample. c Augmented reality image directly combines the
molecular information with the brightfield scene, readily providing a
differentiation between the regions. d The reconstructed untextured height 3D
scene image of the sample employing photometric stereo and e as textured 3D
image with the original brightfield image. f The height 3D scene image textured
with the reconstructed Raman image, which now not only enables the two
dimensional, but three dimensional visualization of the augmented molecular
information. g Raman image after data gridding of the molecular data, forming a
fully filled 3D augmented molecular image. h Improved and direct visualization
of the mixed Raman reality image is back-projected onto the sample, so that the
molecular boundaries are visible to the user. i Presents the results as in h, but
with gridded data, which allows to better visualize molecular boundaries. The
color information in all figures represent the different chemical components, i.e.,
red for the lipid-rich compound, green for gray matter on the cerebrum, and blue
for the pharmaceutical compound. Credit: Light: Science & Applications (2022).
DOI: 10.1038/s41377-022-00773-0

Modern imaging modalities have facilitated a steady progress in
medicine and treatment of diseases. Among them, Raman spectroscopy
has gained attention for clinical applications as a label-free, non-invasive
method to deliver a molecular fingerprint of a sample. Researchers can
combine such methods with fiber optic-probes to allow easy-access to a
patient's body. However, it is still challenging to acquire images with
fiber optic probes. In a new report published in Nature Light: Science &
Applications, Wei Yang and a team of scientists, at the Leibniz Institute
of Photonic Technology in Germany, developed a fiber optic probe-
based Raman imaging system to visualize real-time, molecular, virtual
reality data and detect chemical boundaries.

The researchers developed the process around a computer-vision based
positional tracking system with photometric stereo and augmented and
mixed chemicals for molecular imaging and direct visualization of

2/11



 

molecular boundaries of three-dimensional surfaces. The method
provided an approach to image large tissue areas in a few minutes, to
distinguish clinical tissue-boundaries in a range of biological samples.

Imaging modalities and designing molecular virtual
reality images in biomedicine

Physicians typically use magnetic resonance imaging, computed
tomography, position-emission tomography and ultrasound to screen
patients for disease diagnosis and evaluation. The method can be
improved for precise, guided-surgery to facilitate continuous, non-
invasive monitoring of patients. Current imaging techniques are
primarily based on the anatomy and morphology of tissue, without
considering the underlying tissue composition. Researchers have
emphasized Raman-based methods for clinical in vivo applications; a
method based on inelastic scattering between a photon and a molecule to
provide an intrinsic molecular fingerprint of a sample. The information
is gathered via label-free, contactless and non-destructive methods to
detect and delineate cancer from healthy tissues and scientists have
explored the potential of the method for data visualization and
comprehension.

In this work, Yang et al proposed and developed a fiber-based Raman
imaging method with real-time data analysis, in combination with
augmented reality and mixed reality, on three-dimensional (3D) sample
surfaces as a potential method to conduct real-time, opto-molecular
visualization of tissue boundaries for disease diagnostics and surgery. In
this method, the team combined Raman spectra measurements with
computer vision–based positional tracking and real-time data processing
to develop molecular virtual reality images. The work provides a recap
for future clinical translation of real-time Raman-based molecular
imaging to provide easy-access to patients.
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https://www.nibib.nih.gov/science-education/science-topics/magnetic-resonance-imaging-mri
https://www.nibib.nih.gov/science-education/science-topics/computed-tomography-ct
https://www.nibib.nih.gov/science-education/science-topics/computed-tomography-ct
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/ultrasound
https://www.horiba.com/gbr/scientific/technologies/raman-imaging-and-spectroscopy/raman-spectroscopy/
https://www.spiedigitallibrary.org/journals/journal-of-biomedical-optics/volume-23/issue-7/071210/iIn-vivoi-Raman-spectroscopy-from-basics-to-applications/10.1117/1.JBO.23.7.071210.full?SSO=1
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1007747


 

  
 

  

a Brightfield image of the sample does not allow to differentiate between
different molecular regions. b Raman imaging with the presented approach
readily enables the visualization of distinct molecular locations. c The
augmentation of the molecular information with the brightfield image provides
distinct differentiation of the information of the sample. d Data gridding of
molecular information and augmented overlay with brightfield image. e Mixed
Raman reality image enabled through projection the direct visualization of the
molecular information in the sample plane; and, in combination with data
gridding (f), provides a rich image with molecular distinct boundaries. The color
information represents the different chemical components, i.e., red for collagen,
green for epithelial tissue, and blue for the plastic sample holder. Credit: Light:
Science & Applications (2022). DOI: 10.1038/s41377-022-00773-0

 Imaging of a 3D structured bio-sample surface and ex-vivo tumor
tissue

Yang et al used the proposed approach on porcine cerebrum and 
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sarcoma tissue to differentiate molecularly distinct regions. They coated
the cerebrum with a lipid-rich, pharmaceutical compound and scanned
the brain surface to visualize the topology and molecular information,
which they mapped onto the reconstructed 3D mode with molecular
data. The combined data provided a realistic view of chemical
distribution on the surface. Similarly, with tumor samples, Yang et al.
excised a sample size and conducted laser acquisition to show molecular
boundaries within the pathological tissue for image-guided in vivo
disease diagnostics and surgical resection.

Data flow

The team visualized the molecules using augmented reality (AR) and
mixed reality (MR), alongside topographic reconstruction and real-time
data analysis. During AR, the scientists mapped the molecular
information on the bright field image or a 3D surface model. During
MR, they projected the molecular information on to the sample, and
registered the projected image in several steps. In order to avoid
disturbances of laser tracking, the team reduced the intensity of the
projected image by adjusting the transparency of the setup. The
scientists next characterized the instrumentation for three-dimensional
(3D) reconstruction, and showed how the experimental distortions
agreed with theoretical simulations. They minimized the distorted
effects by increasing the ratio between the height of the camera
(projector) and thickness of the sample.
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https://www.nhs.uk/conditions/soft-tissue-sarcoma/
https://medicalxpress.com/tags/laser+tracking/


 

  

Data-flow (a) and diagram (b) of the developed approach. Raman spectra are
acquired with a handheld Raman probe and positional information where the
spectra were acquired is determined in parallel through a brightfield camera. The
Raman spectra are processed in real-time and combined with the positional
information to reconstruct the Raman image, forming the molecular virtual
reality visualization of the molecular distribution. Furthermore, a computer
vision-based 3D surface reconstruction method, i.e., photometric stereo, is used
to construct a 3D height map of the sample surface, allowing to overlay the
reconstructed Raman image on the 3D map for a 3D visualization of the
molecular composition. Credit: Light: Science & Applications (2022). DOI:
10.1038/s41377-022-00773-0
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Combination with the photometric stereo. a1 Diagram of the PMMA hemisphere
phantom with 20°-slices from the center on the horizontal plane and vertical
plane. The spaced area on the top surface is hollowed and the small gaps refilled
with paracetamol, while the remaining gaps are filled with moldable
thermoplastic (polycaprolactone). a2 Top-view of the phantom, which shows the
arc lengths of a 20° slice on each horizontal level. a3 Three-quarter side-view of
the phantom, which shows the radiuses of each horizontal level. The diameter of
the hemisphere is 50 mm and the thickness of the basement is 2 mm. b1–3 Top-
view on the sample. b1 Brightfield image of the hemisphere phantom, where no
molecular boundaries can be discerned. b2 Reconstructed Raman image by the
developed imaging approach with the handheld operation with clear molecular
boundaries, and b3 overlayed with the brightfield image as augmented molecular
information. c1 A representative image of the height map of the phantom
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through photometric stereo. c2 The brightfield image textured height map,
viewed from the same angle, and c3, with relevant molecular-textured 3D image.
c4 The three modes combined and represented as 3D augmented molecular
image. The color information represents the different chemical components, i.e.,
red for PMMA, green for thermoplastic (polycaprolactone), and blue for
paracetamol. Credit: Light: Science & Applications (2022). DOI:
10.1038/s41377-022-00773-0

 Spatial resolution

The researchers defined the spatial resolution of the system in theory via
spatial resolution of the bright field camera and the size of the laser spot.
In this work, only the resolution of the bright field camera and motion
speed of the probe limited the resolution of the system. For instance, the
team obtained images of visualization via augmented reality and
reconstructed Raman images to fit the known distribution and spacing of
molecular compounds. The resulting images and plots highlighted a
reconstruction strategy to strike a balance between the speed of probe
movement and the quality of reconstructed Raman spectra, to achieve a
spatial resolution approximating 0.5 mm. The results showed the mixed
reality visualization to have similar positional accuracy and spatial
resolution as augmented reality. Yang et al. compared the achievable
spatial resolution with conventional medical imaging methods, including 
CT and MRI as an image-guided process for clinical applications. The
team can also improve spatial resolution with a higher resolution bright
field camera and smaller laser spot, to cover a larger area with suitable
image quality.
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https://www.sciencedirect.com/journal/seminars-in-ultrasound-ct-and-mri


 

  

Evaluation of the spatial resolution of the developed approach. a Diagram of the
spatial resolution target with stripes of various widths. The gaps between the
stripes are filled with moldable thermoplastic (polycaprolactone) and
paracetamol powder for gaps >1 mm and ≤1 mm, respectively. b Raman spectra
of the relevant three components are color-coded, i.e., red for PMMA, green for
thermoplastic, and blue for paracetamol. c Brightfield image of the spatial
resolution target and an indicator of the ellipse fitted laser spot with positional
information. The red dashed box indicates the ROI for imaging cropping. d The
cropped augmented Raman images in the ROI of the auto-scale reconstructed
diameter of the circles by moving probe at various speeds or handheld operation.
The white dashed line on each image indicates the line for profile analysis. e The
plots of the blue path (paracetamol plane) of the lines profile from the individual
augmented Raman images. The black dashed line indicates the real region of the
gaps filled with paracetamol. f Photograph of the mixed Raman reality result by
projecting the molecular image reconstructed for the speed moving speed of 2
mm/s and the auto-scale diameter condition; and g for handheld operation. The
white dashed boxes in the images indicate the ROI shown in detail in h and i and
the corresponding intensity profiles of the dashed white line are presented in j.
The real curve (black) indicates the gaps where the paracetamol is filled in.
Credit: Light: Science & Applications (2022). DOI: 10.1038/s41377-022-00773-0
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Outlook: Clinical translation of virtual reality-based Raman
spectroscopy

In this way, Wei Yang and colleagues proposed and experimentally
demonstrated a fiber-optic probe-based imaging system to non-
destructively acquire molecular images from a large tissue sample
without fluorescent labels. The team directly implemented the process of
data processing into acquisition flow to overcome disadvantages of
conventional Raman systems and evaluate complex Raman signatures of
biochemical macromolecules in real-time for visualization via
augmented reality and mixed reality. The researchers highlighted the
potential of real-time Raman-based molecular imaging for clinical
translation to access biochemical distributions from the regions of
interest of patients to differentiate tissue for surgical resection.

  More information: Wei Yang et al, Real-time molecular imaging of
near-surface tissue using Raman spectroscopy, Light: Science &
Applications (2022). DOI: 10.1038/s41377-022-00773-0 

Donghyun Lee et al, In Vivo Near Infrared Virtual Intraoperative
Surgical Photoacoustic Optical Coherence Tomography, Scientific
Reports (2016). DOI: 10.1038/srep35176
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