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Top, left to right: Photograph of cervical carcinoma tissue specimen; retrieved μ′s 
map; retrieved pπ map; and retrieved lΘ map. Bottom: H&E stained histological 
images for the four highlighted regions in the top row: normal cervical tissue 
(violet), slight inflammation (orange), severe inflammation (pink), and invasive 
squamous-cell carcinoma (black).
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Widefield Diagnosis of Tissue 
Microstructure with Modulated Light

A central goal in light’s application in biology 
and medicine is noninvasive diagnosis of 

the structure and function of tissue. Minimally 
invasive endoscopic optical imaging, such as 
confocal techniques, has emerged as an invalu-
able diagnostic tool for tissue examination, with 
sensitivity to the subwavelength features. But 
wide-fi eld imaging requires cumbersome ras-
ter scanning that is often beyond the budgets of 
clinics—and, in any event,  wide-fi eld imaging 
across a fi eld of view of 1 cm2 or more usually 
can’t resolve tissue microstructure. 

The morphological details and microscopic 
structure of a random medium are encoded in 
the medium’s phase function, which describes 
the angular distribution of scatt ered light upon a 
single interaction with the medium. When light 
is backscatt ered from turbid media, the sensitiv-
ity to the phase function and sub-wavelength 
structures can be increased by using sub-diff u-
sive light at a close source-detector separation, 
or through a high spatial modulation. This 
has att racted great interest,1 but remains ham-
pered by the lack of a suitable model relating the 

refl ectance of sub-diff usive light to the explicit 
form of the phase function and by the degrada-
tion of the signal-to-noise ratio for the modulated 
refl ectance at high frequencies.

We have addressed these two limitations2,3 and 
have developed high spatial frequency domain 
imaging (HSFDI)4—a noncontact imaging modal-
ity that spatially resolves the phase function and 
maps the tissue’s microscopic scatt ering structures 
over a large fi eld of view (greater than 1 cm2). In 
the accompanying fi gure, displaying an example 
of imaging a fresh cervical tissue specimen, it is 
remarkable that the phase function parameters 
(pπ, lΘ), unlike the reduced scatt ering coeffi  cient 
µ′s, can distinguish cancer, severely infl amma-
tory states, and other disease states with high 
reliability (p < 0.01).

The steady increase of the backscatt ering prob-
ability pπ and the spreading length lΘ from normal 
cervical tissue, slight infl ammation, severe infl am-
mation, to invasive squamous-cell carcinoma 
quantifi es the enhancement in the background 
refractive-index fl uctuation (“pudding”) and the 
shrinkage of the size of the prominent scatt ering 

centers (“plum”).4,5 
Our study demonstrates 

the ability of HSFDI to rapidly 
assess whole-tissue specimens 
for microstructural alterations, 
in cases where point-source or 
microscope-based tissue inter-
rogation methods would have to 
randomly sample a large number 
of locations to achieve similar 
robustness. HSFDI may thus ful-
fi ll the unmet need for wide-fi eld 
microscopic structural biomark-
ers and fi nd clinical applications 
in rapid scr eening and diagnosis 
of tissue. OPN


