Light Scattering Method Reveals Details Under Skin

ScienceDaily (May 1, 2005) — A new optical method that can image subsurface structures under skin has been demonstrated by scientists at the National Institute of Standards and Technology (NIST) and the Johns Hopkins University Applied Physics Laboratory. 



The method relies on differences in the way surface and subsurface features of various materials scatter light. It was demonstrated with small pieces of pigskin and inorganic materials but might eventually prove useful for imaging living tissues to help diagnose or determine the extent of various types of skin cancers. A paper on the work was presented at a recent technical meeting and is in press.* 

The imaging process involves illuminating a sample with polarized light, which has its electric field oriented in a particular direction, and using a digital camera with a rotating polarization filter to image the light scattered from the sample. Researchers manipulated the polarization to minimize light scattered from the rough skin surface, and positioned the light source in multiple locations to separate out, and delete, light scattered more than one time from deeper sample layers. By using certain polarization settings and combining two images made with the light source in different positions, they generated a processed image that reveals significant subsurface structure. 

Polarized light imaging already is used in dermatology to identify the edges of lesions. The new method minimizes the effects of two types of unwanted light scattering at once, and thus, if confirmed by other methods, might someday be used in a clinical setting to produce more detailed images of deeper layers of skin. 

The method was developed under a Cooperative Research and Development Agreement between the two institutions. The project adapted light scattering techniques originally developed by NIST researchers to image surface and subsurface features in inorganic materials such as silicon wafers, mirrors and paint coatings. Scientists currently are working on making the new method easier and faster to use. 
Optical Technique Studies Brain Activity Without Surgery On Skull
ScienceDaily (Aug. 2, 2001) — CHAMPAIGN, Ill. — A non-invasive diagnostic tool that can study changes occurring at the surface of the brain because of brain activity has been developed by scientists at the University of Illinois. The technique is based upon near-infrared spectroscopy and is simpler to use and less expensive than other methods such as functional magnetic resonance imaging and positron emission tomography. 



"Whenever a region of the brain is activated – directing movement in a finger, for example – that part of the brain uses more oxygen," said Enrico Gratton, a UI professor of physics. "Our technique works by measuring the blood flow and oxygen consumption in the brain." 

The optical technique is fast and simple to use, Gratton said. First, light emitted by near-infrared laser diodes is carried through optical fibers to a person’s head. The light penetrates the skull where it assesses the brain’s oxygen level and blood volume. The scattered light is then collected by optical fibers, sent to detectors and analyzed by a computer. 

By examining how much of the light is scattered and how much is absorbed, Gratton and his colleagues in the university’s Laboratory for Fluorescence Dynamics can map portions of the brain and extract information about brain activity. 

"By measuring the scattering, we can also determine where the neurons are firing," Gratton said. "This means we can simultaneously detect both blood profusion and neural activity." The technique could be used in many diagnostic, prognostic and clinical applications. "For example, it could be used to find hematomas in children, or to study blood flow in the brain during sleep apnea," Gratton said. "It could also be used to monitor recovering stroke patients on a daily, or even hourly, basis – something that would be impractical to do with MRI." 

To validate the technique, Gratton and Vladislav Toronov, a postdoctoral research associate at the university’s Beckman Institute for Advanced Science and Technology, compared hemoglobin oxygen concentrations in the brain obtained simultaneously by near-infrared spectroscopy and by functional MRI – the current "gold standard" in brain studies. 

"Both methods were used to generate functional maps of the brain’s motor cortex during a periodic sequence of stimulation by finger motion and rest," Gratton said. "We demonstrated spatial congruence between the hemoglobin signal and the MRI signal in the motor cortex related to finger movement." 

The researchers also demonstrated collocation between hemoglobin oxygen levels and changes in scattering due to brain activities. "By having a volunteer move different fingers, we could see an increase in perfusion in different areas of the brain," Gratton said. "The changes in scattering associated with fast neuron signals came from exactly the same locations." 

The National Institutes of Health supported the research. 

New Technique Makes Tissues Transparent
ScienceDaily (Feb. 13, 2008) — If humans had see-through skin like a jellyfish, spotting disease like cancer would be a snap: Just look, and see a tumor form or grow.



But humans, of course, are not remotely diaphanous. "The reason a person is not transparent is that their tissues are highly scattering," sending light waves careening through the tissue instead of straight through, as they would through the tissue of that jellyfish, explains Changhuei Yang of the California Institute of Technology.

This scattering, in addition to rendering all of us opaque, makes the detection of disease a much trickier issue, requiring a host of diagnostic tests and procedures. But not, perhaps, for much longer, thanks to a new optical trick developed by Yang, an assistant professor of electrical engineering and bioengineering, and his colleagues, that counteracts the scattering of light and removes the distortion it creates in images.

It is well known that light scattering in a material is not exactly the random and unpredictable process one might imagine. In fact, scattering is deterministic, which means that the path that a beam of light takes as it traverses a particular slice of tissue and bounces and rebounds off of individual cells, is entirely predictable; if you again bounce light through that same swath of cells, it will scatter in exactly the same way.

The process is even reversible; if the individual photons of light that scattered through the tissue could be collected and sent back through the tissue, they'd bounce back along the same path and converge at the original spot from which they were sent. "The process is similar to the scattering of billiard balls on a pool table. If you can precisely reverse the paths and velocities of the billiard balls, you can cause the billiard balls to reassemble themselves into a rack," Yang explains.

Yang, along with his colleagues at Caltech, École Polytechnique Fédérale de Lausanne in Switzerland, and MIT, exploited this phenomenon to offset the murky nature of our tissues.

Their technique, called turbidity suppression by optical phase conjugation (TSOPC), is surprisingly simple. The scientists used a holographic crystal to record the scattered light pattern emerging from a 0.46-mm-thick piece of chicken breast. They then holographically played the pattern back through the tissue section to recover the original light beam. "This is similar to grabbing hold of the direction of time flow and turning it around; the time-reversed photons must retrace their trajectories through the tissue," Yang says. "The task is formidable though, as this is comparable to starting with a rack of 10 to the 18th power billiard balls (or photons), scattering them around the table, and attempting to reassemble them into a rack."

"Until we did this study, it wasn't clear that the effect will be observable with biological tissues. We were pleasantly surprised that the effect was readily observable and remarkably robust," Yang says. "This study opens up numerous possibilities in the use of optical time reversal in biomedicine."

One possible use of the technique is in photodynamic therapy, in which a highly focused beam of light is aimed at cancerous cells that have absorbed cell-killing light-sensitive compounds. When the light hits the cells, the compounds are activated and destroy the cells. Photodynamic therapy is most effective in treating cancers on the skin surface. Yang's technique, however, offers a way to concentrate light onto cancer-killing compounds located more deeply within tissue.

Yang's idea is to inject strongly light-scattering particles that are coated with light-activated cancer-killing drugs into diseased tissue. Shine a beam of light into the tissue, and it would be reflected off the scattering compounds as it bounces through the tissue. Some of the scattered light would return to the source, where it could be recorded as a hologram.

This hologram would contain information about the path that the scattered light took through the tissue, and, in effect, describe the optimal path BACK toward the light-scattering molecule--and the cancer-killing compounds. Playing back the signal with a stronger burst of light will then activate the therapeutic drugs, which kill the cancer cells.

In addition, the technique could offer a way to power miniature implants buried deep within tissues. "If you take a quick survey of what is out there at present, you will see that implants are fairly large," Yang says. "For example, a pacemaker is about the size of a cell phone. Why are they so big? A large part of the reason is because they need to carry their own power sources."

The key to making smaller implants, then--say, the size of a pen tip--is to eliminate the power sources. "I think implants that carry photovoltaic receivers are particularly promising," he says. "The effect can be applied to tailor light-delivery mechanisms to efficiently channel light into tissues and onto these implants."

A study describing the process appears in the February issue of the journal Nature Photonics. Zahid Yaqoob, a postdoctoral fellow in electrical engineering at Caltech, performed most of the experiments reported in the paper. The other authors of the paper are Demetri Psaltis, professor of optics and dean of engineering, École Polytechnique Fédérale de Lausanne in Switzerland, and Michael S. Feld, a professor of physics at MIT.

