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Abstract: A better understanding of diseases progress in tissues vest on the accurate understanding
of tissues under mechanical loading. Also, development of therapies for injuries may depend on the
available mechanical data for soft tissues. In this study, the raw data of biaxial tensile testing of
sclera soft tissue is presented in this paper. Biaxial mechanical testing of soft tissues presents details
understanding of how soft tissues behave when compared to uniaxial testing. Biomechanical prop-
erties of soft tissues are vital in the development of accurate computational models. Reliable com-
putational models of studying mechanisms of diseases depends mainly on the accurate and more
details mechanical behavior of soft tissues. These accurate and detailed computational models may
be utilized to further develop the understanding and therapies of various diseases. The mechanical
tensile testing was conducted on the passive sheep sclera. Engineering stress vs strain of several
samples of the sheep sclera are further presented determined from force and displacement experi-
mental data. The goal of this paper is to make available biaxial data of sheep sclera soft tissue that
can be further utilized.

Dataset: https://doi.org/10.17632/3xb9hkny9f.2

Dataset License: license under which the dataset is made available (CC-BY.)

Keywords: Sclera tissue; biaxial testing; soft tissue mechanics; mechanical properties

1. Summary

Biomechanical properties of soft tissue have been utilized to study the mechanisms of
various diseases. The mechanics of sclera is vital in studying the mechanisms of eye dis-
eases such as glaucoma. The dataset presented here is useful in biomechanics of sclera
soft tissue of a sheep animal. Understanding modalities of eye diseases is critical in the
development of medical therapies. The mechanical data may be utilised as an animal
model to study various mechanisms of eye diseases. Also, the dataset is useful to re-
searcher communities who has interest in study various mechanisms of the eye. In addi-
tion, the data may be use/re-used by developing computational models to study various
diseases of the eye by computing the mechanical constants of the sclera tissue subjected
to biaxial tensile testing. Biaxial mechanical properties dataset may provide more details
when compared to uniaxial testing. Unlike what has been commonly presented in vari-
ous studies, here, we present the biaxial mechanical properties of sclera soft tissue of the
sheep.
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2. Data Description

The shared data shows the mechanical properties of various sheep sclera tissue. The
biaxial stress-strain tensile data (in both longitudinal and circumferential directions) of
sclera tissue are shown in Figure 1 (a)-(k). Figure 4 shows the maximum tensile stress at
maximum strain of sheep sclera subjected to equi-biaxial force before failure.

Figure 1. Experimental set-up of biaxial testing of sheep sclera soft tissue.

3. Experimental Design, Materials and Methods

3.1 Specimen (Sclera soft tissue) preparation

Eleven (N = 11) fresh eyes of unknown age with no known diseases related to eyes were
collected from the local abattoir. Immediately after 2 hours after slaughter, the eyes were
placed in ice box for delivery to the Unisa biomechanics Lab for testing. The mechanical
testing took place between 3 and 6 hours after harvest. To reduce the thickness variation
of the sclera tissue, 12 x 12 mm squares specimen was cut from each eye. The cut was done
approximately 6 mm from the optic nerve head and corneal limbus. To measure the thick-
ness of the 12 x 12 mm, the Vernier caliper was utilized to measure thickness at four places
(Figure 1). The four measurements that are taken, are the averaged for further processing
in determining the cross-sectional Area (Ai). The specimens were then subjected to equi-
biaxial testing. Longitudinal (Y) direction points towards the lens and regard as 0o and
the circumferential was measure 900 from the longitudinal direction (Y). To maintain
and refresh (muscle relaxation) the tissue, the specimens were dipped and kept in isotonic
solution 9.0 g/l at pH of 5.5 for about 15 to 20 minutes before testing. Specimen were tested
at (37°C ) to mimic body temperature.
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Figure 1: Measurement of thickness in the harvested specimen of 12 mm. The four measurements that are taken, are the averaged for

further processing in determining the cross-sectional Area (Ai)
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Figure 2: Cutting of 12 x 12 mm sclera tissue from the eye collected from the abattoir. Longitudinal (Y) direction points towards the

lens and regard as 0° and the circumferential was measure 90° from the longitudinal direction (Y).

3.2 Mechanical testing

Biomechanical properties of the sclera tissue of the sheep were captured by subject-
ing the 12 x 12 mm square sample to equi-biaxial forces. This was achieved by utilising
the BioTester 5000 from Cellscale (Waterloo, Canada). The BioTester 5000 has a load ca-
pacity of 23 N and accuracy of (+/-) 5 mN. Strain ranges of 0.0133 and 0.89 mm/s were
used, and the force and displacement data were collected at 30Hz. Pretension of 50 mN
was applied during testing and the preconditioning was achieved by applying 10 cycles

of equi-biaxial stretch at a speed of 0.5 mm/s. Engineering stress (00 = F / 4) and Engi-
neering strain (& = Al/ I ) were calculated from the force and displacement data of the
o

equi-biaxial test. Where Area is calculated from A = t;xb b is the breath of the specimen
and t is the average thickness measured by the Vernier Calliper ( ¢; =

(t1 +t, +ts+ t4/4)‘
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Table 1: Measurement of thickness of the sclera soft tissue measured as shown in Figure 1.

Thickness (t1) | Thickness (t2) Thickness (t3) | Thickness (t4) | Average
Specimen 1 1.12 1.13 0.96 0.87 1.02
Specimen 2 1.02 0.96 0.88 1.20 1.02
Specimen 3 0.96 0.88 0.94 1.13 0.98
Specimen 4 1.01 0.76 1.10 1.04 0.98
Specimen 5 1.20 0.96 0.87 0.96 1.00
Specimen 6 0.85 1.10 1.16 0.83 0.99
Specimen 7 0.95 1.02 1.12 1.11 1.05
Specimen 8 0.89 1.09 1.42 1.12 1.13
Specimen 9 0.97 1.14 0.96 1.05 1.03
Specimen 10 0.94 1.16 0.98 1.08 1.04
Specimen 11 1.24 1.12 0.85 1.14 1.09
Average 1.01 1.03 1.02 1.05 1.03
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Figure 3: Stress-strain of sheep sclera soft tissue under equi-biaxial tensile testing. Stress and strain in the longitudinal

and circumferential directions were calculated from the force and displacement data.
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Figure 4: Stress at maximum strain in both longitudinal and circumferential direction during biaxial tensile testing of the sheep

sclera
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Figure 5: Maximum strain in both longitudinal and circumferential direction during biaxial tensile testing of the sheep sclera

4. Discussion

Accurate biomechanical properties of soft tissues plays an important role in understand-
ing diseases [1-4]. This understanding maybe achieved by further developing the consti-
tutive models of the soft tissue. The constitutive models require accurate material param-
eters for the development of computational models. Computational models have been
utilized to understand various mechanisms of diseases[5-10]. In this study, the equi-biax-
ial mechanical properties of the sheep sclera are presented. This data was used to further
determine the material parameters of various constitutive models [11].
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