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A B S T R A C T

The mechanism of bitemporal hemianopia arising as a result of chiasmal compression is unknown. In this study,
we combined an ex vivo experiment and finite element modelling (FEM) to investigate its potential mechanism. A
cadaveric human optic chiasm was scanned using micro-CT before and after deformation by inflation of Foley
catheter, to simulate tumour growth from beneath. The geometry of the same chiasm was reconstructed and
simulated using finite element analysis. Chiasmal deformations were extracted from the simulation and compared
with those observed during micro-CT scanning. In addition, nerve fibre models examining variation in local fibre
distribution patterns of the chiasm were incorporated to investigate the strain (deformation) distributions of the
chiasm at an axonal level. The FEM model matched the micro-CT scans well both qualitatively and quantitatively.
Compression of the chiasm induced high strains in the paracentral portions of the chiasm where the crossing optic
nerve fibres are located. At an axonal level, the magnitude of strains affecting crossed fibres were greater than
those affecting uncrossed fibres. The high strains in the paracentral portions of the chiasm, combined with the
differences in strain between crossed and uncrossed nerve fibres, are consistent with a biomechanical explanation
for the pattern of visual field loss seen in chiasmal compression.
1. Introduction

Bitemporal hemianopia is a type of visual field (VF) defect in which
vision is impaired in the temporal parts of the VFs of both eyes. Bitem-
poral hemianopia generally implies damage to the optic chiasm, specif-
ically to fibres arising from the nasal hemiretinae which traverse the
centre of the chiasm. It has many known causes but the most common is
chiasmal compression from a pituitary tumour [1]. The precise mecha-
nism of bitemporal hemianopia remains poorly understood. Previous
theories suggesting that it arises from the effects of stretching [2] or
alteration in blood supply [3] cannot explain the sharp cutoff along the
vertical midline of the VFs which is observed clinically.
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Biomechanical theories have been proposed to explain the pattern of
VF loss seen in bitemporal hemianopia [1,4]. We have previously used
finite element modelling (FEM) to simulate chiasmal compression in
order to examine these biomechanical theories [5] [–] [7]. Preliminary
results show that the biomechanics of the chiasmal compression may, at
least in part, account for the predominant temporal VF loss.

However, in our previous models, the complex 3D structure of the
chiasm was not represented in detail and the models have not been
validated against experimental data. This study was therefore set up to
improve our understanding of the mechanisms by which chiasmal
compression causes bitemporal hemianopia with the following aims: 1)
to perform an ex vivo experiment using micro-CT imaging to look at
hool of Biological Science and Medical Engineering, Beihang University, Room

d 31 December 2021
rticle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

mailto:xiaofei.wang@buaa.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.medntd.2021.100113&domain=pdf
www.sciencedirect.com/science/journal/25900935
www.journals.elsevier.com/medicine-in-novel-technology-and-devices/
https://doi.org/10.1016/j.medntd.2021.100113
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.medntd.2021.100113


X. Wang et al. Medicine in Novel Technology and Devices 13 (2022) 100113
chiasmal compression of a cadaveric optic chiasm; 2) to simulate the
distribution of strain within the compressed chiasm using FEM and
thereby validate the model against experimental data; 3) to investigate
the influence of nerve fibre orientation on deformations of axons at a
micro-scale level by incorporating detailed fibre distributions into the
nerve fibre models [8].

2. Methods

We combined an ex vivo experiment and a FEM model to investigate
the deformation of the optic chiasm at a macro level, and the strain
experienced by nerve fibres at a micro level during compression.
2.1. Micro computed tomography (Micro-CT) imaging

This study was approved by the ACT Health Human Research Ethics
Committee (ETH 1.14.020). The sample obtained was an optic chiasm
harvested at autopsy from a 26-year-old male approximately 60 h after
death. It was fixed in formalin (10% in phosphate buffer, pH 7.2).

A mounting apparatus consisting of four holders and a base was
designed to allow compression of the chiasm from below (Fig. 1). The
holders and base were custom-designed and 3D-printed to fit within the
micro-CT scanner's bore. A 10 French gauge paediatric Foley catheter
Fig. 1. Experimental setup for ex vivo chiasmal compression studies. (A) Illustration
apparatus used to secure the optic chiasm; (C) mounting apparatus positioned on the
balloon of a Foley catheter.
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with a balloon capacity of 5 mL (Bard, West Sussex, UK) was used to
elevate the chiasm, simulating compression by a tumour growing from
below (Fig. 1). A hemispherical depression was created in the base to
accommodate the Foley catheter balloon. Superglue (Uhu GmbH & Co.
KG, Bühl, Germany) was used to bond the sectioned ends of the optic
nerves and optic tracts to four holders which were then glued to the base.
The four holders were placed on a horizontal surface before being glued
to the base to prevent any torsion of the optic nerves or tracts. A syringe
of water was used to inflate the balloon of the Foley catheter which was
inserted into the depression in the base.

Micro-CT imaging of the undeformed chiasm. Imaging was per-
formed using a Quantum FX micro-CT system (PerkinElmer Corporation,
Massachusetts, USA). The optic chiasm, mounting apparatus and Foley
catheter were positioned on the sample bed of a micro-CT scanner and
the Foley catheter was secured to the base by insulating tape (Fig. 1). The
field of view for image acquisition was set to be 30 mm, which was large
enough to encompass the chiasm and give relatively high resolution of 59
μm/pixel. The position of the sample bed of the micro-CT was adjusted so
that the volume of image acquisition was centred on the optic chiasm in
all three planes.

The Foley catheter balloon was inflated so that it just touched the
optic chiasm without inducing any deformation after which the setup
was scanned. Scanning time was 3 min, during which 512 separate slices
of the experimental setup in the micro-CT scanner; (B) design of the mounting
sample bed of the micro-CT scanner; (D) The chiasm elevated by the expanded
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were obtained. This 3D volume scan was designated the ‘baseline’ scan.
Micro-CT imaging of the deformed chiasm. After scanning the

undeformed chiasm, water was injected into the balloon to elevate the
chiasm by approximately half its height as this degree of elevation has
been shown clinically to result in VF loss [9]. After around 30 s, the whole
apparatus was re-scanned after the chiasmal elevation. The actual vol-
ume of water used to inflate the balloon was measured from the scan
data. This 3D volume scan was designated the ‘deformed’ scan.
2.2. Geometry reconstruction and finite element modelling

3D digital reconstruction of the human chiasm. A digital model
was constructed to reflect the geometry of the chiasm and the Foley
catheter in the baseline scan. Images obtained from the micro-CT scan
were imported into an open-source software package, 3D Slicer [10]. The
chiasm and Foley catheter in each slice were segmented automatically
using intensity thresholding. In some slices where the boundaries of
structures were faint due to the contact between the balloon and the
chiasm, structures were delineated manually. The surface mesh gener-
ated using 3D Slicer was cleaned, repaired, and smoothed with a com-
mercial CAD package, CATIA V5 (Dassault Syst�emes, France). For
simplicity, only the balloon and a short segment of the Foley catheter
were included in the model. Part of the base was reconstructed to
simulate the void that accommodates the balloon. The high resolution
(59 μm/voxel) of the micro-CT system allowed an accurate reconstruc-
tion of the actual structures (Fig. 2).

A pial sheath of 0.086 mm thickness was added to the surface of the
optic chiasm in the model. The value of 0.086 mm was derived from
measurements in a separate study [8], but it is noted that pia mater
thickness can vary between individuals. The thickness of the Foley
catheter and of the balloon were set to 0.4 and 0.12 mm, respectively.
The thickness of the balloon was estimated from the geometry of the
micro-CT scan.

Biomechanical properties of tissues and balloon. The chiasm used
had been fixed in formalin so the parameters describing its material
properties were modified. Specifically, material stiffness was increased to
7 times the stiffness of normal nerve tissue and pia mater based on a
previous study looking at the effects of fixation [11]. The modified ma-
terial properties of nerve tissue and pial sheath are listed in Table 1. The
balloon was made from silicone so a 3-parameter Mooney-Rivlin model
was used as a basis for its hyperelastic material behaviour [12].

Boundaries, loading conditions and meshing. The distal faces of
Fig. 2. (A) Reconstructed geometry and the boundary constraints of the finite eleme
arrow indicates fixed end of the Foley catheter. (B) Finite element mesh of the mod
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the optic nerve and tracts (black arrows in Fig. 2) were fixed to represent
the connection of the tissue to the holders by superglue. The balloon was
connected to the catheter, which was fixed at its end (white arrow in
Fig. 2). The base was fixed as well. The contact between the balloon and
chiasm was considered to be frictionless. The core tissues of the optic
nerve, chiasm and tract were bonded to their pial sheath. Pressure was
applied via the interior surface of the balloon to inflate it. The chiasmwas
meshed in ANSYS (v13, Ansys Inc. Canonsburg, PA, USA) with a mixture
of 20-node hexahedral elements, 10-node tetrahedral element, and 15-
node wedge elements to accommodate the complex geometry and pro-
vide a better numerical solution. The pial sheath and other parts of the
model weremeshed using 3-node or 4-node shell elements. The mesh size
was verified through a convergence test.

Comparing FEM with experimental data. To ensure that our FEM
model was physiologically realistic, we compared the model with
experimental data from part 1 above. As the chiasm was only scanned in
undeformed and deformed states in part 1, it was only possible to
compare experiment and simulation at one degree of deformation.
Deformation was examined in two ways: first, the relationship of the
elevation of the chiasm to the change in the balloon size and, second, the
envelope of the cross-sectional areas of undeformed and deformed
chiasm were compared.
2.3. Micro-scale models with nerve fibre orientations

Using FEM,micro-scale models were developed to include optic nerve
fibre crossings to examine the effects of optic chiasm compression at an
axonal level.

Geometry of representative volume element models. Micro-scale
models were generated using representative volume elements (RVE)
(Fig. 3). The RVE was designed to capture the major features of the un-
derlying microstructure of the macroscopic model. ANSYS APDL (Ansys
Inc. Canonsburg, PA, USA) was used to generate parametric RVEs that
simulated nerve fibres crossing each other at different angles. An indi-
vidual nerve fibre was considered to be circular in cross-section and to
consist of an axon surrounded by a myelin sheath. Nerve fibres were
surrounded by extracellular space filled with soft solid materials. Di-
mensions were varied depending on the crossing angle being simulated.
All RVE models were meshed with 10-node tetrahedral elements.

Crossing angles. Although hemidecussation of optic nerve fibres in
the optic chiasm is well-recognized, there is still a paucity of data
regarding exactly where and how nerve fibres cross each other in the
nt model. Black arrows indicate fixed faces of the optic nerves and tracts; white
el.



Table 1
Material properties used for chiasmal tissues and balloon.

Tissue Material model Material constants Reference

Pial sheath Hyperelastic, 2nd
Polynomial

C10 ¼ 1.07 � 106 Pa; C01 ¼ �5.03 � 105 Pa; C20 ¼ 8.79 � 107 Pa; C11 ¼ �1.25 � 108 Pa; C02 ¼
5.09 � 107 Pa

Ho and Kleiven [24]; Metz et al.
[11]

Optic
nerve

Hyperelastic, Ogden μ1 ¼ 7308 Pa; α1 ¼ 4.309; μ2 ¼ 8281 Pa; α2 ¼ 7.736 Franceschini [16]; Metz et al.
[11]

Balloon Hyperelastic, Mooney-
Rivlin

C10 ¼ 0.030 MPa; C01 ¼ �0.182 MPa; C11 ¼ 0.003 MPa Nagarajan [12]

Fig. 3. (A) Illustration of fibres crossing; (B)
representative volume element (RVE) for fi-
bres crossing at a particular angle; (C) RVE
model without extracellular compartment to
show the internal structure. (D, E) A coronal
section was defined in the macroscopic
chiasmal model and the strain values were
extracted along this path; (F) fibre orienta-
tions and crossings obtained from a coronal
section of another optic chiasm with crossing
angles listed below the orientation plot in
degrees. Construction of the RVE models was
based on the location and crossing angles in
(F) and strains extracted from the macro-
scopic model (D, E) were applied to these
RVE models.

Table 2
Ogden hyperelastic constants used in the RVE models.

Tissue μ1 (Pa) μ2 (Pa) α1 α2

Axona 1044.0 1183.0 4.309 7.736
Myelin sheathb 348.0 394.3 4.309 7.736
MECSc 52.2 59.2 4.309 7.736

a From reference [16].
b modified to be 1/3 the stiffness of the axon material model.
c modified to be 1/20 the stiffness of the axon material model.
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chiasm. The crossing locations and angles used in this study were derived
from a previous study using photomicrographic image processing [8]. A
middle slice of the chiasm was selected from this paper as being repre-
sentative (Fig. 3F).

Material properties of the RVE model. There is little information
relating to the material properties of the various components of the RVEs.
Myelin sheaths are formed by oligodendrocytes, one of several types of
glial cell in the central nervous system. Previous studies have shown that
glial cells are softer than axons by a factor of 2–3 [13–15]. For simplicity,
the material properties of axons were considered to be the same as those
obtained from macro-scale nerve tissues [16] and a three-times softer
material stiffness was used to represent the myelin sheath. We assumed
that the extracellular space was mostly filled by fluid-like material,
simulated as a soft material which was nearly incompressible and which
had a very low shear modulus [17]. The material parameters used in the
RVE model are listed in Table 2.

Boundary conditions applied to RVEs. RVEs can be stacked
together to form a macro structure. Therefore, periodic boundary con-
ditions were applied to ensure that there was no overlap or separation
between neighboring RVEs after deformation. Detailed procedures can
4

be found elsewhere [5]. Here, strain tensors of ROIs along a path around
the centre of the chiasm were extracted from the macroscopic chiasmal
model and applied to the RVEs as boundary conditions (Fig. 3).
2.4. Output measurement

There is ongoing discussion regarding which mechanical parameter is
most representative when considering nerve damage [18]. In the
macroscopic chiasmal model presented here, average von Mises strains
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were reported along a left–right axis in a coronal cross-section of the
chiasm to illustrate strain distributions across the chiasm.

In the micro-scale RVE models, the maximum cross-sectional von
Mises strain was reported for each ROI. The cross-sectional strain was
defined as the average strain across a cross-section of an axon or a myelin
sheath. As the myelin sheath is intimately involved in the failure of
conduction of nerve fibres [19,20], the corresponding strain values in
both axons and myelin sheaths were reported separately.

3. Results

3.1. Quantitative comparison – FEM versus experiment

We measured the catheter volume increase and chiasmal elevation in
both experiment and simulation (Table 3). The displacement of the
chiasm was measured at a point located at the centre of its lower surface.
Table 3 shows that, at approximately the same elevation, the simulated
balloon volume was close to that calculated from the experimental data
(13% difference).
3.2. Qualitative comparison – FEM versus experiment

The boundaries of the cross-sectional areas in experiment and simu-
lation were compared for both undeformed and deformed conditions in
both coronal and sagittal planes. For purposes of comparison, the
boundary coordinates of the simulation cross-sectional images were
superimposed on the experimental CT scans as “wire frames” (Fig. 4).

Fig. 4A and B shows that, in the coronal cross-section, the simulation
boundary was very close to that of the experiment in both undeformed
and deformed states. The discrepancy in areas derived from the two
techniques for undeformed and deformed states were 5.7% and 7.0%,
respectively.

Fig. 4C and D shows a mid-sagittal cross-section. In this plane, the
simulation and experimental cross-sectional areas were slightly less in
agreement: the non-overlapping area ratios for the undeformed and
deformed cases were 6.5% and 16.0%, respectively.
3.3. Chiasmal strain predictions

Fig. 5 shows the von Mises strain distribution across a coronal section
through the middle of the chiasm. Each value represents the average of a
vertical column extending the entire height of the chiasm at that point, as
illustrated in Fig. 5A. The average von Mises strain of each column was
then plotted as a function of the column's location along a left-right axis
(Fig. 5C). It can be seen that the strains at the paracentral parts of the
chiasm were generally higher than those at the periphery.
3.4. Nerve fibre strain predictions

The maximum cross-sectional von Mises strain in both axon and
sheath were plotted as a function of their location from left to right and
compared with the overall von Mises strains in the macroscopic chiasmal
model (Fig. 6A). Strain amplification factor – the ratio of micro-scale
level axonal sheath strain to macro-scale level chiasm strain in Fig. 6A
– was plotted in Fig. 6B–C.
Table 3
Comparison of the results predicted by the simulation and the experimental
measurements.

Scenarios Balloon volume increase Elevation of the chiasm

Experiment 0.872 mm3 1.75 mm
Simulation 1.008 mm3 1.76 mm
Differences 13.49% 0.57%
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4. Discussion

Our study combined an ex vivo experiment with a FEM simulation to
help clarify the biomechanics involved in chiasmal compression from
below, and how this might influence the deformation of the chiasm at
both macro- and micro-scales. We found that compression of the chiasm
induced high strains, particularly in the paracentral parts of the chiasm.
Additionally, at an axonal level, the magnitude of strains affecting
crossed fibres was greater than those affecting uncrossed fibres.

Our FEMmodel matched the observed changes on micro-CT scan well
in terms of both qualitative and quantitative comparisons, suggesting
that it was reasonable, and thus capable of providing insight into the
mechanism of nerve damage resulting from chiasmal compression.

The macro-scale model showed that the paracentral parts of the
chiasm experienced the highest strains. Interestingly, a recent study by
our group [8] has suggested that the paracentral regions are mostly
occupied by crossing nasal nerve fibres which represent the temporal VF.
High strains in the paracentral regions would therefore explain why the
temporal VF is preferentially affected in chiasmal compression [21].

In the micro-scale RVE models, we demonstrated that the nerve fibre
sheath experienced larger strain than the corresponding encased axon.
This finding may have implications for the exact mechanism whereby
strain on nerve fibres results in loss of function. After taking account of
micro-scale nerve fibre packing patterns, the maximum cross-sectional
sheath strains calculated along a coronal line through the optic chiasm
(Fig. 6A), were similar to those of the macro-scale chiasmal model. Based
on histology [8] and our current findings, one may infer that, under the
same loading condition, the maximum cross-sectional strains affecting
crossed fibres are higher than those affecting uncrossed fibres as illus-
trated by the amplification factor in Fig. 6B and C. Note that, in absolute
terms, some uncrossed fibers had larger strains than some crossed fibers.
If field loss were simply due to absolute values of strain, nasal visual field
(i.e. uncrossed fibres) should be affected, meaning that there would not
be the absolute vertical cutoff, or “step”, of VF loss between nasal and
temporal fields that is observed clinically.

There are three possible ways to explain the step. First, the macro-
scale chiasmal geometry and the micro-scale fibre distributions were
obtained from two different samples, which may not have captured the
strain disparity in crossed and uncrossed models due to unmatched
morphological information at two length scales. Second, factors other
than strain may contribute to loss of VF, including axoplasmic stasis,
conduction block, demyelination and/or axonal destruction [22]. Third,
the simple measure of strain we have used may not be sufficient to
determine the final fate of nerve fibres experiencing chiasmal compres-
sion. Strain is an engineering term which describes the overall defor-
mation at a point in the tissue but the relation between strain and
resulting nerve fibre dysfunction is, unfortunately, not well understood.
Moreover, the strain predicted by the current model represents the result
of rapid compression and does not take account of nerve fibre remodel-
ling or other effects which might occur under conditions of chronic
compression.

It is clear that complete failure of conduction at any single point will
disrupt the function of a nerve fibre as a whole. However, it is possible
that partial damage at multiple sites might summate and result in failure
of nerve conduction, even if the damage at any given individual site
would not do this on its own [23]. In our RVE simulations, only the RVEs
at single points along one coronal section across the chiasm were
investigated. Therefore, these results only reflected the strains at single
points along the entire lengths of the various nerve fibres involved. There
is no information relating to strains on the same nerve fibres at different
locations. We anticipate that, once more detailed anatomical information
regarding nerve fibre anatomy in the chiasm becomes available, it will be
possible to investigate the effects of chiasmal compression at multiple
sites along nerve fibres rather than at single points as in this study.

Traditionally, the crossed fibres were thought to be located in the
centre of the chiasm while uncrossed fibres were located laterally.



Fig. 4. experimental deformation comparing an image from the micro-CT scan with the predicted deformation from FEM (yellow wire frame). Coronal section (A and
B) and sagittal section (C and D) are shown separately. FEM predictions corresponded well to the findings from the micro-CT images.

Fig. 5. von Mises strain distribution along a coronal section of the deformed optic chiasm. (A) columns used to calculate the strain values in (C); (B) contour plot of the
von Mises strain distribution; (C) average cross-sectional von Mises strain from left to right.
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However, many fibres in the lateral parts of the chiasm were shown in a
previous study to cross (Fig. 3) [8]. If these crossing fibres were derived
from the nasal retina even though they were located laterally, they would
still experience larger strains than temporal retinal fibres, resulting in
preferential loss of temporal visual fields. The precise arrangement of
nerve fibres might vary on an individual basis. This, in turn, could affect
the precise pattern of VF loss resulting from a given pattern of chiasmal
compression and potentially explain some of the inter-subject variability
in VF loss noted clinically [9].

In theory, an in vivo experiment could provide more precise infor-
mation relating to what happens during compression of the optic chiasm
6

in humans. However, this is not ethically possible. Granted this, ex vivo
experiments are useful and, in particular, allow for more precise control
of the parameters involved, resulting in much more detailed information.
For example, ex vivo experiments can provide detailed measurements of
pressure, force, strain, and other physical parameters at multiple points,
something that would not be possible in an in vivo experiment. This
particular ex vivo experiment, being a pilot study, was not able to provide
quantitative validation of all these parameters, particularly because the
micro-CT scanner could not provide information related to contrast
within the chiasm itself; hence, local internal strain distributions could
not be investigated. In future, modification of the micro-CT technique in



Fig. 6. (A) von Mises strains along the path shown in Fig. 3 for different tissues. For axon and sheath, the strain value at each data point was the maximum cross-
sectional von Mises strain in each RVE model. The von Mises strains in the macroscopic model along the path, representing the corresponding strain magnitude applied
on each RVE model, were also plotted for comparison; (B) The strain amplification factor along the path; (C) Boxplot of amplification factors in crossed and uncrossed
RVEs. Data points between two vertical lines in (A) and (B) on each side indicate crossed fibres.
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order to generate some form of internal contrast, e.g. a speckled pattern
in the optic chiasm, would allow calculation of local strains using digital
image correlation.

Having said that, the micro-CT results did validate the results of the
FEM simulation experiments at a macro level in that there was very good
spatial agreement between the chiasmal envelope determined by the two
techniques. Given all the assumptions about the geometry, material
properties and contact patterns in this complex system, it is very
impressive that the model was able to agree with the ‘reality’ of the ex
vivo experiment with an error of only 7%. At the very least, this confirms
the feasibility of using FEM to model chiasmal compression.

Limitations. Several limitations warrant further discussion. First, the
optic chiasm we obtained was preserved in formalin. It is acknowledged
that both post-mortem time and fixation significantly affect the me-
chanical properties of biological tissue [11]. In our simulation, we tried
to adjust the material parameters to take account of the expected changes
in stiffness resulting from fixation. However, the main aim of this study
was to investigate variation of relative strain as a function of anatomical
location in the chiasm. We believe the relative strain distributions found
in this study are likely to represent the in vivo situation. A future exper-
iment using fresh tissue, if possible, would provide more representative
information regarding the in vivo situation in absolute terms.

Second, inflation of a balloon was used in this study to simulate
growth of a pituitary tumour. The material properties of a balloon are
likely to be very different from those of a real pituitary tumour, and this
difference could impact on the findings of the micro-CT study. Moreover,
the balloon was expanded over a few minutes, a timing very different to
the in vivo expansion of a pituitary tumour which typically grows over
months to years. There may be many additional factors, e.g. shift of in-
ternal water distribution, which influence the ultimate strain distribu-
tions in the optic chiasm under conditions of slow compression. Future
experimental and FEM studies should aim to investigate and take account
of these factors.

Third, information regarding nerve fibre distribution and the results
of macroscopic chiasmal loading were actually derived from two separate
optic chiasms. It is possible that there could be considerable inter-
individual variation in the geometry, material properties, and nerve
fibre arrangements of the optic chiasm. This variation could, in turn,
result in significant inaccuracies in the strain distributions of a FEM
model. However, allowing for this, our model still demonstrated signif-
icant differences in the strain distributions between crossed and
uncrossed regions, independent of the precise pattern of nerve fibre
distribution. It is this difference which is crucial to explaining the origin
of the sharp midline vertical ‘step’ in visual field loss which occurs
clinically as a restul of chiasmal compression.

A final point is that, in our RVE model, a single nerve fibre was
7

assumed to be cylindrical with the fibres uniformly distributed and
tightly packed. In reality, however, fibre packing patterns are likely to be
more complicated. Future studies should take account of more accurate
3D fibre packing patterns once such data become available.

5. Conclusions

Our study combined an ex vivo experiment and a FEM model to es-
timate the strain distribution in the optic chiasm resulting from
compression from below. Our model predicted high strains in the para-
central parts of the chiasm, where the nasal fibres have been shown to be
located. This effect is consistent with the clinical features of the bitem-
poral hemian opia. The observed difference in strain between crossed and
uncrossed nerve fibres provides an explanation for the clear vertical
midline step that seen clinically in these VFs.
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