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Introduction
• Accurate identification of functional
vasculature is of critical importance in
evaluating construct integration.
• Digital volumetric imaging (DVI) [1, 2] is an
automated serial sectioning and microscopic
imaging technique that can bridge the
resolution gap between micro-computed
tomography and conventional histology [3].
• We use DVI to study in vivo vascularization of
tissue engineering constructs in a variety of
settings.
Methods
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A porous (30µm) poly(HEMA)-co-PCL degradable scaffold was implanted
in a mouse dorsal subcutaneous site for 4 weeks. Vascular structures of high
tortuosity are seen sprouting into the scaffold (red arrow) from host tissue.
Brown band at bottom is encapsulating fibrous tissue and host vasculature.
Image segmented to emphasize RBC and vascular structures.

Staining and dehydration
Excised tissue containing tissue engineered construct was explanted and
fixed in 10% formalin. Bone samples were demineralized in 10% EDTA,
then stored in 70% ethanol. Tissue was stained overnight with fluorescent
dyes eosin Y (0.1% in 70% ethanol) and acridine orange (0.1% in 0.01M
citrate) en bloc (“whole-mount”). Samples were dehydrated through a series
of ethanol solutions and cleared in xylene.
Embedding and sectioning
Cleared tissue was embedded in Spurr's medium, an epoxy formulation,
that was opacified with 10% Sudan Black B. This opacification blocked
out-of-plane fluorescence for clearer imaging of the current section. The
DVI imager consists of 1) a microtome, which serially sections and
advances the specimen block; 2) a digital camera, which images the cut
face; and 3) a computer to coordinate and automate sectioning and
imaging. A typical data set of 1000 sections of 1µm thickness (1mm total)
requires approximately 4 hours to collect.
Imaging and reconstruction
Images were captured in two fluorescence channels, corresponding to the
fluorescent labels used to label the tissue. Eosin primarily stains
cytoplasmic proteins (and in particular, those of red blood cells (RBC))
and acridine orange primarily stains nucleic acids. In these images, eosin
emission is represented by the color green, and acridine orange emission
is represented by red. By virtue of the DVI block face imaging technique,
images are automatically and precisely registered, without the need for
manual alignment. This allows an accurate, direct volumetric
reconstruction of a multi-color, three-dimensional representation of the
fluorescence emission from the sample. This volumetric reconstruction
can be viewed from any arbitrary angle and segmented by color,
permitting selective visualization of structures such as vasculature.
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A rat calvarial (cranial) 5mm diameter critical defect was treated with a
hyaluronic acid hydrogel delivering VEGF (25µg) over 6 weeks. This image
is of the center of defect. Solid bone can be seen growing in from the
edges of defect (red arrows). A dense network of vasculature, with a range
of vessel sizes, has formed. Bar = 300µm.
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• Sample block is automatically
sectioned with a diamond knife
and advanced.
• Block face is imaged with
fluorescence excitation
/emission filters.
• Digital images are compiled
into a stack and rendered with
3D software.
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At 11 weeks, networks of vessels
appear more fully formed and
increasing in size.
Inset: unsegmented view. Orange
/ red area in inset corresponds to
nuclear staining of fibroblast-like
cells in scaffold. Dim green
staining at lower right and left in
inset is host muscle tissue. s =
scaffold; h = host muscle.
Scale bars = 250µm.
At 18 weeks, some vessels appear
to have undergone pruning or
reduction and remodeling,
though small vessels are still
visible.
Inset: unsegmented view. Green
region on right is host muscle
tissue (some vascular supply is
visible). s = scaffold; h = host
muscle. Scale bars = 250µm.
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The 6 week explant shows a fine
network of small vessels and
capillaries forming and
connecting.
Inset: unsegmented, larger
volume view. Blue outline on
inset shows approximate area of
the larger magnification image. s
= scaffold; h = host muscle.
Scale bars = 500µm (both
images).

Conclusions
• DVI can visualize host vasculature ingrowth in three
dimensions.
• Segmentation can separate vasculature from constructs
and other tissue features.
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