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Optical clearing of the mouse skull
Chris Xu 1✉

Abstract
High spatial resolution imaging of the mouse brain through the intact skull is challenging because of the skull-induced
aberration and scattering. The research group of Dan Zhu from Huazhong University of Science and Technology has
developed a skull-clearing technique that provides a long-term (~ weeks), stable, transparent window for high
resolution optical imaging over a large field of view.

Non-invasive imaging of the mouse brain in its native
environment is critical to the study of neural network
function and disease progression. Current high-resolution
mouse brain imaging typically requires either an open-
skull craniotomy or thinned-skull preparation1,2 because
of the strong scattering and aberration induced by the
skull bone. Even a thin layer of bone (e.g., 10 s of μm
thick) can cause significant degradation of the imaging
performance and limit the penetration depth of high-
resolution optical imaging. On the other hand, it was
shown that open skull surgery can lead to a variety of
physiological responses, such as microglial activation, loss
of cranial pressure and cerebrospinal fluid, etc. In some
cases, the invasiveness of the open-skull procedure may
negatively impact the experimental data3. In addition,
open-skull craniotomy and thinned-skull preparations
often significantly restrict the accessible brain areas. Only
the regions directly under the skull window can be
imaged, which severely limit the ability to investigate
animal behaviors that are distributed across multiple,
spatially separated regions of the brain. It was shown
previously that even simple animal behavior involves
multiple brain regions, which are often non-contiguous4,5.
Long wavelength 3-photon microscopy was shown to
enable imaging through the intact mouse skull6,7. With
the addition of adaptive optics, deep, through-skull 3-
photon imaging was possible8. Nonetheless, when com-
pared to that of open-skull craniotomy9,10, the

penetration depth of through-skull 3-photon imaging is
significantly reduced. Therefore, high-performance ima-
ging through the intact skull will open new opportunities
in brain research.
Skull-clearing is another possible approach for imaging

through the intact skull, and researchers have used bio-
compatible reagents to make the skull itself transparent in
the past, with the goal of providing a large window for
optical imaging without craniotomy or skull thinning.
However, the techniques developed in the past cannot
provide a stable window for long term observation or a
highly transparent skull.
In the article in eLight11, Dan Zhu group from Huazhong

University of Science and Technology demonstrated an
improved skull-clearing methods, i.e., through-intact-skull
(TIS) window, that could keep a large area of the mouse
skull transparent for high-resolution optical imaging for
weeks, as shown in Fig. 1. A key innovation is using a UV-
curable adhesive to stabilize the transparent state of the
skull for long term optical imaging. Previous skull optical
clearing agents are liquid-based12–14. They are unstable on
the skull, particularly when the mouse moves, and optical
clearing of the skull is needed every time before imaging.
The UV-curable adhesive is stable on the skull and
unperturbed by animal motion. Furthermore, the UV-
curable adhesive has a higher refractive index than the
water-soluble reagents used in the past and thus provides
better matching of the refractive index to the skull.
The TIS window is combined with both 2- and 3-photon

microscopy for brain imaging without open-skull cra-
niotomy or thinned-skull preparation. An impressive
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precise cartography. Moreover, the ability of 3D imaging
could be exploited in diagnosis, for instance in breast
mammography.
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Guiding flow of light with supersymmetry
Can Huang1 and Qinghai Song 1,2,3✉

Abstract
The continuous supersymmetry transformation is applied to the silicon waveguides, and the guidance and conversion
of any mode in a wide spectral range are successfully realized in experiments. This proves its great potential in optical
spatial mode modulation and space division multiplexing in optical communication.

For thousands of years, the study of light propagation
has profoundly affected the progress of human civiliza-
tion. Early in ancient Greece, people found when light
beam incident from air into water, its propagation direc-
tion changed. Later, people discovered the law of refrac-
tion and designed practical tools such as lenses and
telescopes. In order to control the behavior of light pro-
pagation more accurately, human have always been trying
to change the rules of light propagation. In recent years,
people have proposed utilizing transformation optics and
metamaterials to realize some fancy functions such as
invisibility cloak1,2. However, the transformation optics
based on coordinate transformation often produces
extreme material parameters, and the devices can only
work in a limited band. Therefore, it is necessary to
demonstrate a new paradigm to break through the lim-
itations of traditional transformation optics. In a recent
article published by eLight3, Yim et al. proved in experi-
ment that controlling and switching multiple optical
beams in broadband scope can be achieved at the same
time using the principle of supersymmetry (SUSY).
The basic idea of supersymmetric transformation optics

originally comes from quantum field theory, in which
people can treat bosons and fermions equally by intro-
ducing supersymmetric transformation4,5. Due to the
similarity between the Schrodinger equation and the

optical paraxial wave equation, people also try to use the
mathematical principle of SUSY in optical design6,7. The
main idea of SUSY transform optics is to construct a
super-partner system of a known optical system. The
SUSY is regarded as “not broken” when the super-partner
system lacks the eigenvalues of a state, but possesses the
eigenvalues of the other states in the original system. On
the contrary, the SUSY is “broken” if the super-partner
system and the original optical system possess exactly the
same eigenvalues. In SUSY optical system, the original
optical structure and the super-partner structure can
generally achieve global phase coupling, then many novel
physical phenomena can be realized through strategic
design. For a known discrete optical system without SUSY
breaking, the super-partner structure can be constructed
by the Cholesky method or QR decomposition. Using the
principle, people can design desirable optical structures,
such as photonic lattices with the same scattering char-
acteristics8, on chip mode converter9, and the high-power
single-mode laser array10–12 etc.
However, for some more complex application scenarios,

SUSY transformation requires the optical potential dis-
tribution to be continuous, and its mathematical frame-
work is proved to be a continuous transformation.
Although the realizability of this principle has been
introduced in the previous theoretical work13, the
experimental proof has not been reported. In the paper
reported by Yim et al.3, they proposed and designed
gradient-index(GRIN) optical structures on the silicon-
based platform to realize continuous SUSY transforma-
tion (Fig. 1). In the experiment, the gradient-index
material can be realized by adjusting the filling ratio of
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imaging depth of ~800 μm is realized while maintaining
cellular-level spatial resolution. At shallower depth, den-
dritic spines are resolvable with standard 2-photon micro-
scopy. The optically cleared field-of-view is large (~1 cm),
enabling observation of neurons and blood vessels in both
hemispheres of the mouse brain. TIS window is compatible
with high-resolution neural activity imaging in awake ani-
mals over a period of several weeks. A key advantage of TIS
window is large-scale, high-resolution imaging with mini-
mum invasiveness to the brain. As a tour de force, TIS
window was used to track immune cells over distances of
several millimeters, in multiple regions that are millimeters
apart from each other and in both hemispheres of the
mouse brain, right after acute traumatic brain injury.
The improvement of optical clearing techniques, such

as the TIS window, together with the advancement of
multiphoton imaging techniques, expands the scope,

depth, as well as an available tool kit to push the
boundaries of brain research.
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Fig. 1 TIS chronic window for imaging the mouse brain structure and
function
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