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Glaucoma is the leading cause of irreversible blindness worldwide. Elevated intraocular pressure (IOP),
the primary risk factor for glaucoma, is thought to induce abnormally high strains in optic nerve head
(ONH) tissues, which ultimately result in retinal ganglion cell damage and vision loss. The mechanisms
by which excessive deformations result in vision loss remain incompletely understood. The ability of
computational and in vitro models of the ONH to provide insight into these mechanisms, in many cases,
depends on our ability to replicate the physiological environment, which in turn requires knowledge of
tissue biomechanical properties. The majority of mechanical data published to date regarding the ONH
has been obtained from tensile testing, yet compression has been shown to be the main mode of
deformation in the ONH under elevated IOP. We have thus tested pig and rat ONH tissue using uncon-
fined cyclic compression. The material constants C1, obtained from fitting the stress vs. strain data with
a neo-Hookean material model, were 428 [367, 488] Pa and 64 [53, 76] Pa (mean [95% Confidence
Interval]) for pig and rat optic nerve head, respectively. Additionally, we investigated the effects of strain
rate and tissue storage on C1 values. These data will inform future efforts to understand and replicate the
in vivo biomechanical environment of the ONH.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Glaucoma is the leading cause of irreversible blindness world-
wide, anticipated to affect approximately 111.8 million people by
2040 (Tham et al., 2014). Glaucoma is an optic neuropathy that
results in visual field loss due to the progressive damage and loss
of retinal ganglion cells (RGCs). Elevated intraocular pressure
(IOP) is the primary risk factor for glaucoma, and although vision
loss can occur at any level of IOP (Leske et al., 2003), all clinically
available glaucoma treatments aim to slow the progression of
vision loss by lowering IOP. Thus, biomechanics are thought to play
an important role in RGC loss in glaucoma. Specifically, under
elevated IOP, optic nerve head (ONH) tissues experience
abnormally high deformations, which in turn may cause abnormal
remodeling of the lamina cribrosa and other load-bearing tissues,
direct RGC axonal damage, restriction of blood flow and nutrient
supply within the ONH, and pathologic changes in ONH astrocyte
phenotype (Burgoyne et al., 2005).
In order to understand how tissue mechanical properties and
anatomy influence mechanical strains under IOP, and the
corresponding cellular response to those strains, relevant in vitro,
animal, and computational models must be developed and charac-
terized. Towards this end, it is essential to quantify the mechanical
properties of healthy ONH tissue, which can be used for multiple
purposes, such as modeling the overall ONH response to pressure
changes, and for creating model systems to mimic ONH biome-
chanics in vitro. Both pigs (Ruiz-Ederra et al., 2005) and rats
(Schwaner et al., 2018) are routinely used as experimental animal
models of glaucoma. However, few direct measurements of pig and
rat ONH material properties have been reported. Furthermore, the
majority of these reported values have been from uniaxial tensile
tests, while compression is the predominant mode of deformation
of the ONH under elevated IOP (Sigal et al., 2007). We have thus
tested pig and rat ONH samples in unconfined compression at sev-
eral strain rates, and herein report material property values
obtained from fitting the stress vs. strain data with a neo-
Hookean material model. Here we define the optic nerve head to
be comprised of all tissue contained within the scleral canal,
extending anterior-posteriorly from the vitro-retinal interface to
the posterior sclera.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jbiomech.2019.06.014&domain=pdf
https://doi.org/10.1016/j.jbiomech.2019.06.014
mailto:ross.ethier@bme.gatech.edu
https://doi.org/10.1016/j.jbiomech.2019.06.014
http://www.sciencedirect.com/science/journal/00219290
http://www.elsevier.com/locate/jbiomech
http://www.elsevier.com/locate/jbiomech
http://www.JBiomech.com


E.M. Boazak et al. / Journal of Biomechanics 93 (2019) 204–208 205
2. Materials and methods

2.1. Sample sourcing and preparation

A schematic of the ONH dissection procedure is shown in Fig. 1.

2.1.1. Pig
Pig eyes were collected from a local slaughterhouse (Holifield

Farms Inc., Covington, GA), and tested on the days of collection.
Extraocular tissue was removed by dissection and the optic nerve
was cut flush with the sclera. While viewing under the dissecting
microscope, a thin section including the ONH was cut perpendicu-
lar to the ONH using a gentle sawing motion with a razor blade.
The first tissue slice was discarded, with a second slice (approxi-
mately 0.5 to 1.0 mm thick) used for testing. This slice was
assumed to contain the lamina cribrosa because it had a different
appearance than the pure white appearance of the retrolaminar
optic nerve. Specifically, it showed a darker marbling pattern that
appeared consistent on both sides of the sample. The tissue slice
was placed on a cutting mat and a cylindrical sample was cut from
the optic nerve region with a 1.0 mm diameter biopsy punch. All
samples were kept on ice in phosphate buffered saline (PBS) until
testing.

2.1.2. Rat
ONH samples were obtained from 5 male Sprague Dawley rats,

age 5–6 months. After euthanasia by CO2, the eyes were proptosed
with forceps, enucleated using curved scissors, and placed in PBS
on ice. The optic nerve was cut flush with the back of the eye using
microscissors, and a 2 mm square region containing the ONH and
peripapillary sclera was excised. By cutting the nerve off flush with
the sclera, we ensured that the final sample contained only the
glial lamina (Downs et al., 2007; Tehrani et al., 2014). The ONH
tissue was then dissected using a microblade (prepared from a
razor blade using a blade breaker) to cut away the sclera and optic
nerve sheath. One ONH sample was obtained per eye, and all
samples were kept on ice in PBS until testing.
Fig. 1. Schematic of sample preparation process for rat (top) and pig (bottom)
2.2. Mechanical testing and analysis

Samples were tested in unconfined compression. The boundary
conditions on the optic nerve head in situ are relatively complex.
Thus, neither unconfined nor confined compression testing in the
laboratory can perfectly represent the in vivo loading conditions.
We selected unconfined compression as this is a well-accepted
testing method which is replicable in a laboratory environment,
and which has similarities to the situation in situ. Mechanical test-
ing was performed with a MicroSquisher (CellScale; Hamilton, ON)
mechanical testing system. All tests were performed in PBS
between 35 and 37 �C.

In all cases, cylindrical samples were prepared such that com-
pression was applied along the nerve axis. ONH samples were
loaded into the Microsquisher and first subjected to a 50 mN (pig)
or 3 mN (rat) preload. Under magnification in the MicroSquisher
interface, sample thickness was observed to be uniform before
the application of a preload. Samples were compressed to reach
the preload value over the course of 120 s. The loading platen
was subsequently withdrawn to return to 0 mN over another
120 s, and finally the preload was reapplied over a third 120 s win-
dow. These preloads were empirically chosen to ensure full contact
of the sample with the loading platen. After the application of the
preload, both porcine and rat ONH samples were subjected to 5
cycles of unconfined compression to 15% compressive deformation
over 180 s (5% per minute) or 22.5 s (40% per minute).

In stress and strain calculations, porcine samples were all taken
to have a 1 mm diameter, equal to that of the biopsy punch used to
cut the sample, and the thickness of each sample was measured in
the MicroSquisher interface. Rat ONH samples were imaged with
a microscope after testing of all samples had been completed, and
the cross-sectional areawas computed in ImageJ (Fiji). As neural tis-
sue has been shown to demonstrate hyper-elastic behavior
(Franceschini et al., 2006), the first Piola-Kirchoff stress vs. Green-
Lagrange strain curve from the loading phase of each cycle was fit
with the analytical solution for uniaxial unconfined compression

of an incompressible neo-Hookean solid: H
pR20

¼ 2C1
1þKþK2

K2

� �
1�Kð Þ,
ONH samples. Pig ONH samples were punched from transverse sections.
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whereH is the applied load, R0 is the starting radius of the sample, C1

is a material constant, and K is the compression ratio (Humphrey,
2002). Friction between the sample and compression plates was
assumed to be negligible, as no barreling of the samples was
observed at peak strains.

2.3. Statistical analysis

Throughout the manuscript, values are expressed as the mean
[95% confidence interval]. Values of the neo-Hookean fitting
parameter C1 shown in Fig. 2 were compared across cycle and spe-
cies using a 2-factor ANOVA and Sidak multiple comparisons tests
in GraphPad Prism v7.02. The normal distribution of data in each
group of Fig. 3 was verified with the Shapiro-Wilk tests, p � 0.22.
The effect of strain rate (Fig. 3) and tissue storage on cycle 5,
steady-state C1 values were evaluated using paired and unpaired
1-tailed Student’s t-tests, respectively.

3. Results

The material constant C1 in the neo-Hookean hyperelastic
model, obtained from fitting the loading portion of 5 sequential
Fig. 2. C1 values for pig and rat optic nerve head samples subjected to cyclic unconfined c
shows 11 samples. Pig eyes were obtained from a slaughterhouse as a mixed lot on thre
shows 9 samples from 5 rats. Different marker shapes correspond to different animals. T
75th percentiles. Whiskers cover the range of all data points not considered outliers. O
identified as an outlier in cycles 2–5; this is denoted with a red plus sign over the green p
reader is referred to the web version of this article.)

Fig. 3. C1 values for a subset of pig (A) and rat (B) samples that were tested at both 5%/m
5%/min data set (Fig. 2) is indicated in orange. (For interpretation of the references to c
cycles at 5% per minute to 15% compressive deformation, was used
to describe the compressive mechanical properties of pig and rat
ONH (Fig. 2). Across all samples shown in Fig. 2, both rat and pig,
the average percent decrease in C1 between cycle 4 and cycle 5
was 2.4%. Samples with a decrease in C1 from cycles 4 to 5 of
greater than 10% were assumed to have not reached equilibrium
and were not included in subsequent analysis; this resulted in
the removal of 3 porcine samples. Comparison of C1 across all
cycles showed no significant difference between cycles 2–5 for
pig ONH (p � 0.99) and no significant difference between any
cycles for the rat ONH (p � 1.0), indicating converged mechanical
behavior under the applied loading conditions by cycle 5. The
mean [95% confidence interval] C1 values, excluding a single outlier
in the pig data set, were 428 [367, 488] Pa and 64 [53, 76] Pa for pig
and rat ONHs, respectively. Pig and rat equilibrium C1 values were
significantly different for all cycles, p � 0.0007. The magnitudes of
the 95% confidence intervals were 28% and 36% of the mean C1 val-
ues for pig and rat, respectively.

A subset of the samples represented in Fig. 2 was also subjected
to five cycles of compressive loading to 15% strain at a higher load-
ing rate of 40% per minute (Fig. 3). Mean pig ONH C1 values
increased from 464 [394, 535] Pa to 725 [446, 1004] Pa at the
ompression at a 5%/minute strain rate. Colors correspond to individual samples. (A)
e separate days, thus we can only be certain these samples came from � 7 pigs. (B)
he central line in each box marks the median, and the box edges mark the 25th and
ne sample in the pig data set (panel A) had a consistently high C1 value and was
oint markers. (For interpretation of the references to colour in this figure legend, the

in and 40%/min strain rates. The sample identified as an outlier in the larger porcine
olour in this figure legend, the reader is referred to the web version of this article.)
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higher strain rate, although this increase was not statistically sig-
nificant (p = 0.110). Rat ONH C1 values increased significantly from
81 [74, 89] Pa to 121 [105, 137] Pa (p = 0.027).

Finally, we evaluated additional porcine ONH samples 24–36 h
after slaughter (data not shown), as it has been suggested that stor-
age for up to 3 days at 4 �C does not significantly affect scleral
mechanical properties (Girard et al., 2007). We observed a decrease
in mean C1 values of 29% and 25%, at 5%/min and 40%/min strain
rates, as compared to samples tested within 12 h of slaughter. This
difference was statistically significant at the 5%/min strain rate
(p = 0.022), but not at 40%/min (p = 0.151).
4. Discussion

We observed significantly higher ONH stiffness in pigs than in
rats. This difference was expected, since pigs, like primates, have
a collagenous lamina cribrosa (LC), while rats have a non-
collagenous glial lamina. The magnitude of the C1 values we report
for both pig and rat ONH are much lower than previously reported
values for the ONH, which was also expected, since most previous
reports were based on tensile testing. We evaluated ONH samples
under compression in the anterior-posterior direction; while the
in situ deformations are complex this mode of deformation is seen
to have the largest magnitude in situ (Coudrillier et al., 2016).

At 15% compression, our porcine C1 value of 428 [367, 488] Pa at
the 5%/min strain rate corresponds to a Young’s modulus of
approximately 3.05 kPa. Spoerl et al. reported a relatively high
modulus of 17.1 MPa for porcine LC, calculated as the tangent ten-
sile modulus at 20% strain. According to their measurements por-
cine LC was stiffer than the 11.8–15.6 MPa they reported for
human LC (Spoerl et al., 2005). Stiffnesses from 140 to 380 kPa
have been used (Sigal et al., 2004) and determined (Edwards and
Good, 2001) in mathematical models of the human LC. Braun-
smann et al. measured a Young’s modulus of 17.2 kPa for human
LC, as measured by AFM indentation, which is both closer in testing
method and value to our finding (Braunsmann et al., 2012).

At 15% compression, our rat C1 value of 64 [53, 76] at the
5%/min strain rate corresponds to a Young’s modulus of approxi-
mately 456 Pa. Terai et al report a surprisingly high tangent
modulus of 8.77 MPa at 5% strain (Terai et al., 2012). This is higher
than the modulus they report for the peripapillary sclera, calling
these findings into question.

In the rat ONH we also observed a significant, 1.5 fold increase
in C1 values under increased strain rates. This same trend was
observed in the porcine ONH, yet the increase was not significant.
In vivo, ocular tissues are exposed to quasi-static loading resulting
from ‘‘steady” IOP, as well as oscillatory loading resulting from
cyclic variation in IOP with the cardiac cycle (‘‘the ocular pulse”),
which occurs at approximately 1 Hz in pigs and humans, and up
to approximately 5 Hz in rats. The typical fluctuations in IOP are
up to 4 mmHg, which correspond to 0.5% to 3% macroscopic com-
pressive strains in pigs (Coudrillier et al., 2016), varying between
animals and with the baseline IOP about which the fluctuation is
imposed. These oscillatory strains in the ONH correspond to
strain rates of c. 60–360%/min in the pig and 300–1800%/min in
the rat. We chose a high strain rate of 40%/min as this was the
fastest strain rate we could reliably apply with the MicroSquisher.
Thus, our results indicated that strain rate dependence of ONH
material properties is highly relevant in the rat (the effect would
likely be more exaggerated at physiological high strain rates); this
should be taken into account when developing materials and
experimental paradigms for rat-derived cell culture or computa-
tional models. Strain rate dependence of material properties in
the pig may also reach significant levels at higher physiological
strain rates.
The values reported here will provide useful information for
modeling and experiments going forward, particularly as compres-
sion has been shown to be the main mode of deformation in the
ONH (Sigal et al., 2007). Furthermore, neo-Hookean material mod-
els are readily available in most commercial finite element pack-
ages; reporting these model parameters will facilitate the
incorporation of our findings into finite element models of the
ONH. Accounting for the differences we measured in compressive
mechanical properties between the porcine lamina cribrosa and
the rat glial lamina may be important in the development of
animal-specific computational models. Furthermore, knowledge
of physiological compressive material properties for the pig and
rat ONH will enhance our ability to develop in vitro platforms to
study astrocyte (Mulvihill et al., 2018) and RGC mechanobiology
in mechanical environments relevant to specific cell lines.
Declaration of Competing Interest

The authors confirm that there are no conflicts of interest.
Acknowledgements

Funding from the National Eye Institute (5R01EY025286 and
1R21EY026685) and The Georgia Research Alliance supported this
work.
References

Braunsmann, C., Hammer, C.M., Rheinlaender, J., Kruse, F.E., Schaffer, T.E., Schlotzer-
Schrehardt, U., 2012. Evaluation of lamina cribrosa and peripapillary sclera
stiffness in pseudoexfoliation and normal eyes by atomic force microscopy.
Invest. Ophthalmol. Vis. Sci. 53, 2960–2967.

Burgoyne, C.F., Downs, J.C., Bellezza, A.J., Suh, J.K., Hart, R.T., 2005. The optic nerve
head as a biomechanical structure: a new paradigm for understanding the role
of IOP-related stress and strain in the pathophysiology of glaucomatous optic
nerve head damage. Prog. Retin Eye Res. 24, 39–73.

Coudrillier, B., Geraldes, D.M., Vo, N.T., Atwood, R., Reinhard, C., Campbell, I.C., Raji,
Y., Albon, J., Abel, R.L., Ethier, C.R., 2016. Phase-contrast micro-computed
tomography measurements of the intraocular pressure-induced deformation of
the porcine lamina cribrosa. IEEE Trans. Med. Imag. 35, 988–999.

Downs, J.C., Yang, H.L., Girkin, C., Sakata, L., Bellezza, A., Thompson, H., Burgoyne, C.
F., 2007. Three-dimensional histomorphometry of the normal and early
glaucomatous monkey optic nerve head: neural canal and subarachnoid space
architecture. Invest. Ophth. Vis. Sci. 48, 3195–3208.

Edwards, M.E., Good, T.A., 2001. Use of a mathematical model to estimate stress and
strain during elevated pressure induced lamina cribrosa deformation. Curr. Eye
Res. 23, 215–225.

Franceschini, G., Bigoni, D., Regitnig, P., Holzapfel, G.A., 2006. Brain tissue deforms
similarly to filled elastomers and follows consolidation theory. J. Mech. Phys.
Solids 54, 2592–2620.

Girard, M., Suh, J.K., Hart, R.T., Burgoyne, C.F., Downs, J.C., 2007. Effects of storage
time on the mechanical properties of rabbit peripapillary sclera after
enucleation. Curr. Eye Res. 32, 465–470.

Humphrey, J.D., 2002. Cardiovascular solid mechanics: cells, tissues, and organs.
Springer, New York.

Leske, M.C., Heijl, A., Hussein, M., Bengtsson, B., Hyman, L., Komaroff, E., Early
Manifest Glaucoma Trial, G., 2003. Factors for glaucoma progression and the
effect of treatment: the early manifest glaucoma trial. Arch Ophthalmol 121, pp.
48–56.

Mulvihill, J.J.E., Raykin, J., Snider, E.J., Schildmeyer, L.A., Zaman, I., Platt, M.O., Kelly,
D.J., Ethier, C.R., 2018. Development of a platform for studying 3D astrocyte
mechanobiology: compression of astrocytes in collagen gels. Ann. Biomed. Eng.
46, 365–374.

Ruiz-Ederra, J., Garcia, M., Hernandez, M., Urcola, H., Hernandez-Barbachano, E.,
Araiz, J., Vecino, E., 2005. The pig eye as a novel model of glaucoma. Exp. Eye
Res. 81, 561–569.

Schwaner, S.A., Kight, A.M., Perry, R.N., Pazos, M., Yang, H., Johnson, E.C., Morrison, J.
C., Burgoyne, C.F., Ross Ethier, C., 2018. A methodology for individual-specific
modeling of rat optic nerve head biomechanics in glaucoma. J. Biomech. Eng.
140.

Sigal, I.A., Flanagan, J.G., Tertinegg, I., Ethier, C.R., 2004. Finite element modeling of
optic nerve head biomechanics. Invest. Ophthalmol. Vis. Sci. 45, 4378–4387.

Sigal, I.A., Flanagan, J.G., Tertinegg, I., Ethier, C.R., 2007. Predicted extension,
compression and shearing of optic nerve head tissues. Exp. Eye Res. 85, 312–
322.

http://refhub.elsevier.com/S0021-9290(19)30415-4/h0005
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0005
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0005
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0005
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0010
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0010
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0010
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0010
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0015
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0015
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0015
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0015
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0020
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0020
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0020
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0020
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0025
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0025
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0025
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0030
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0030
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0030
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0035
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0035
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0035
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0040
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0040
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0050
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0050
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0050
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0050
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0055
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0055
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0055
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0060
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0060
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0060
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0060
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0065
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0065
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0070
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0070
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0070


208 E.M. Boazak et al. / Journal of Biomechanics 93 (2019) 204–208
Spoerl, E., Boehm, A.G., Pillunat, L.E., 2005. The influence of various substances on
the biomechanical behavior of lamina cribrosa and peripapillary sclera. Invest.
Ophthalmol. Vis. Sci. 46, 1286–1290.

Tehrani, S., Johnson, E.C., Cepurna, W.O., Morrison, J.C., 2014. Astrocyte processes
label for filamentous actin and reorient early within the optic nerve head in a
rat glaucoma model. Invest. Ophth. Vis. Sci. 55.
Terai, N., Spoerl, E., Haustein, M., Hornykewycz, K., Haentzschel, J., Pillunat, L.E.,
2012. Diabetes mellitus affects biomechanical properties of the optic nerve
head in the rat. Ophthal. Res. 47, 189–194.

Tham, Y.C., Li, X., Wong, T.Y., Quigley, H.A., Aung, T., Cheng, C.Y., 2014. Global
prevalence of glaucoma and projections of glaucoma burden through 2040: a
systematic review and meta-analysis. Ophthalmology 121, 2081–2090.

http://refhub.elsevier.com/S0021-9290(19)30415-4/h0075
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0075
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0075
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0080
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0080
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0080
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0085
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0085
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0085
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0090
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0090
http://refhub.elsevier.com/S0021-9290(19)30415-4/h0090

	Compressive mechanical properties of rat and pig optic nerve head
	1 Introduction
	2 Materials and methods
	2.1 Sample sourcing and preparation
	2.1.1 Pig
	2.1.2 Rat

	2.2 Mechanical testing and analysis
	2.3 Statistical analysis

	3 Results
	4 Discussion
	Declaration of Competing Interest
	Acknowledgements
	References


