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Background and Aims
The cartilage endplate (CEP) is a complex and
unique structure, providing the interface
between the hard tissue of the vertebral body
and the soft tissue of the intervertebral disc.
The role of the endplate within compression
loading has been widely agreed to ‘absorb and
redistribute forces’, but due to the difficulty of
direct measurement, this conclusion has not
been validated.

Advancements
in
imaging
technology
continually allow for greater understanding of
biological structures. The development of twophoton fluorescence (TPF) combined with
second harmonic generation (SHG), enables
the imaging of relatively thick, fresh samples
allowing for live imaging of mechanical
experimentation.

This study aims to establish the micro-mechanical role of
the CEP under compression and its interface with the
adjacent bone and disc in fresh, unstained tissue.
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Methods
Sample preparation
Bovine tail motion segments were sectioned
from the central region of the disc/vertebra
interface. Samples were ground to provide a
flat surface of 1.2-1.5 mm thickness with a
cross-section including bone, endplate and
disc.

Custom rig schematic

Loading Protocol
Samples were loaded on a custom designed
compression rig, fitted with a micrometre to
calculate applied percentage strain, and a load
cell. The sample was loaded in increments of
compressive strain

Etc…

Methods
Imaging

Multiphoton Microscopy
Multiphoton microscopy was employed in this
study as it enables high spatial resolution with
intrinsic contrast. The integration of two-photon
fluorescence (TPF) and Second harmonic
generation (SHG), allows for the imaging of
relatively thick, fresh samples without the need
for staining.
This allowed for live imaging of the loading
protocol without photo-bleaching the tissue.

SHG: non-symmetric molecular structures
e.g. collagen
TPF: natural fluorophores e.g. elastin,
calcified tissue

Data Analysis

Methods
TPF (natural fluorophores)
SHG (collagen)

Image located at mid annulus.
Application of custom software from Vergari et al., 2016

Example of combined SHG and TPF signal
images, false coloured to highlight contrast.
Combined signals give a better structural
understanding of the tissue, however a single
channel (SHG) is used for strain analysis.

Custom software was written in Matlab 2014b
was used to obtain a displacement map from
each series of images and calculate
instantaneous microscopic strains. The first
image of the series was divided into square
elements which were automatically tracked in
the following images by digital image
correlation (DIC).

Gross measurements taken from the combined
multiphoton images allow insight into the local
strains within the disc and cartilage.
The strain applied with the rig is linear, however
this is not seen within the tissues.
A custom script was used to investigate this
further.

Results

Macro Observations
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• ‘Applied strain’ calculated from the unloaded
compressible length ( Disc and cartilage) and
applied rotation of the micrometre.
• Calculated strain of disc and cartilage calculated
from change in length or each area, divided by the
original length respectively.
• Applied load obtained from the integrated load cell.

Results

Micro Strain Tracking
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Example of horizontal strain map generated by custom
software. Colour Map indicates % strain, scale to the
right. Labelled are the mineralised endplate (MEP),
cartilage endplate (CEP) and the intervertebral disc
(IVD) Green crosshairs indicate square elements used
for tracking the distinct elements.
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Initially, as the disc is compressed we see local
strains between -4.3 % and -6.6 %, the CEP bulges
(shown in red on the strain map) with regions of 1.5
% to 4.2 % strain. However this was not true of all
samples.

Results

Structural Differences

A.

Samples with differing structures show
heterogeneous strain maps.
A. has a higher number of osteons
than visible in B. In this mineralised
region there is very little local strain
(~1-1.5%), even when compared to the
far left region of B (~2-5%).

B.

However, DIC relies on trackable
elements, which a high density osteon
network provides more of than
trabecular spaces which we see in B.

Summary
Sample Heterogeneity

Ongoing Work

• The cartilage of the vertebral endplate
plays a discernible mechanical role in the
motion segment of the spine, however
structurual differences complicate the
investigation.

• We aim to continue this work with
increased image quality to enable better
tracking of discrete elements allowing for
improved strain mapping.

• Structure additionally influences the
performance of the custom tracking
software due to the necessity of
distinctive elements to track.

• We aim to structurally catagorise
samples to better understand its
influence on the local strains measured.
• We aim to further this work with
degenerated human tissue alongside the
‘healthy’ animal model.
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