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SUMMARY

This case report describes the anatomical pre-
sentation of the anomalous optic nerve (cranial
nerve II). Cranial nerve II developmental anom-
alies encompass both optic nerve hypoplasia
and aplasia. While most studies on optic nerve
anomalies rely on radiological imaging, anatom-
ical presentation and nerve course are rarely
described. The current case reveals a complete
absence of the right optic nerve and its connec-
tion to the optic chiasma, resembling radiologi-
cal presentation of optic nerve aplasia. In addi-
tion, the right-sided bony orbit and eyeball were
smaller than the left, accompanied by a poorly
developed cornea and iris with a calcified mass,
resembling clinical presentation of microphthal-
mia. Having a thorough understanding of the
gross anatomical presentation and course of op-
tic nerve anomalies can facilitate precise diagno-
sis and management of visual impairments asso-
ciated with these anomalies. Furthermore, such
knowledge can provide valuable insights into the
actual prevalence of optic nerve aplasia and fur-
ther substantiate the literature.
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INTRODUCTION

Anomalies of the optic nerve are a significant
cause of visual impairments (Taylor, 2007), and in-
clude optic nerve hypoplasia and aplasia (Margo et
al., 1992). Optic nerve hypoplasia is common and
presents with a smaller number of optic nerve fibres
(Martin-Begué and Saint- Gerons, 2016). In con-
trast, optic nerve aplasia is a rare complete absence
of optic nerve fibres, either unilaterally or bilaterally
(Margo etal., 1992; Martin-Begué and Saint-Gerons,
2016; Taylor, 2007). Developmentally, the eye forms
from the neural ectoderm, mesoderm and neural
crest cells. The derivative of the neural ectoderm
includes the optic nerve, retina and iris smooth
muscles. The neural crest cells contribute to the
formation of the stroma of the iris, ciliary muscles,
choroid and vitreous part, and the endothelium and
stroma of the cornea, while the mesoderm is inter-
posed between the ectodermal tissues forming the
cornea, choroid and vitreous substances, and sclera
(Ohuchi et al., 2016; Taylor, 2007).
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An adult human optic nerve (cranial nerve II
or CNII) is approximately 40 to 50 mm in length
(Zeiss et al., 2017). CNII is a continuation of the
optic tract which originates from the optic chias-
ma and courses about 10mm intracranially be-
fore taking an extracranial course (about 30 mm)
by passing through the optic canal of the sphenoid
bone to reach the posterior aspect of the eyeball
to receive visual impulses from the neural retina.
Developmentally, CNII is a derivative of the fore-
brain and, due to the complexity of the coordinat-
ed events during the development of the eye, optic
nerve aplasia may be associated with other central
nervous system or ocular anomalies (Martin-Be-
gué and Saint-Gerons, 2016). The majority of
these anomalies have been reported through ra-
diological imaging studies that do not provide
the comprehensive anatomical presentation and
course of the anomalous optic nerve (Handley et
al., 2021; Martin-Begué and Saint-Gerons, 2016;

Taylor, 2007; Zhou et al., 2020). Herein, a case
of unilateral optic nerve aplasia associated with
microphthalmia is reported on following an in-
cidental cadaveric dissection finding. Cadaveric
dissections are exploratory in nature, and offer
a comprehensive way to describe the anomalous
course of any variation, an advantage that cannot
be adequately achieved in living individuals when
using radiological imaging studies.

CASE REPORT

This cadaveric study was conducted under the
ethical clearance waiver number W-CBP- 220504-
01 and was covered by the Human Tissue Act (No.
65 of 1983) and the National Health Act (No. 61
of 2003) on the use of human specimens for re-
search and teaching purposes. During the routine
dissection of the head and neck region in a female
cadaver, South African of European descent, aged
52, the right eye appeared smaller and underde-

Fig. 1.- External and internal features of the skull and eyeballs. (a), anterior view of the skull showing a smaller right orbit and a
larger left orbit, black arrow indicating the present left optic nerve. (b), Superior view of the intra-cranial fossa showing the central
part of the mid-cranial fossa (Sella turcica) and its related structures. (c), Inset from b, with a magnified view showing the left optic
nerve (black arrow) passing through the optic canal and the right ophthalmic artery passing through the right optic canal. (d), ante-
rior view of the eyeballs, note the poorly developed cornea and iris of the right eye. (e), a transverse section of the eyeballs showing
a calcified mass in the right eyeball and normal vitreous body and retina in the left eyeball. (f), posterior view of the eyeballs show-
ing extraocular muscles, black arrow indicating left optic nerve as it enters the left eyeball, and fat and fibrous tissue on the right

eyeball. R=Right side, L=Left side.



veloped when compared to the left eye. The eyes
were then excised as part of the dissection pro-
tocol from the orbital sockets and inspected for
abnormalities, where only the left optic nerve was
present (Figs. 1 and 2). After the excision of the
eyes, the brain was removed from the skull, where
additional inspections of the neural tissues were
conducted. These included gross inspections of
the whole brain, followed by sagittal, horizontal
and coronal sectioning.

In addition to a complete absence of the right
optic nerve (Figs. 1 and 2), the bony orbit of the
right side was smaller (orbital breadth 36.13 mm,
orbital height 32.20 mm) when compared to the
left (orbital breadth 40.60 mm, orbital height
36.24 mm). The right eyeball was also smaller
with a poorly developed cornea and iris (Fig. 1D).
A transverse section of the right eyeball showed
the presence of a calcified mass covering the inte-
rior spaces, while the left eyeball presented with
a normal vitreous body and retinal appearance
(Fig. 1E). The right eyeball showed the presence
of all, albeit grossly atrophied, extra-ocular mus-
cles with fibrous tissue and fat occupying the cen-
tral posterior part of the eyeball. The left eyeball
showed the normal presence of all extra-ocular

muscles with the optic nerve entering the posteri-
or aspect centrally (Fig. 1F). The right optic canal
was only patent enough for the passage of the right
ophthalmic artery, while the left optic canal was
intact with the left optic nerve and left ophthal-
mic artery passing through it (Fig. 1A-C). Both the
left and right oculomotor (CN III), trochlear (CN
IV) and abducens (CN VI) nerves took their nor-
mal course to supply their respective extra-ocular
muscles. Visual inspection of the inferior view of
the intact whole brain showed the complete ab-
sence of the right optic nerve and its connection
to the optic chiasma. The right and left optic tracts
originated off-centre to the left but then continued
along their normal paths as the left and right op-
tic tracts on either side of the tuber cinereum and
infundibulum (Fig. 2A and B). A relatively smaller
right splenium of the corpus callosum (13.68 mm,
measured at widest point) compared with the left
(15.17 mm) was the only noticeable difference in
the midsagittal view of the brain. Horizontal and
coronal brain sections showed no gross differenc-
es between the right and left side optic radiations
(geniculocalcarine tracts), lateral geniculate bod-
ies and superior colliculi.

Fig. 2.- Inferior view of the brain. (a) presence of a cut left side optic nerve and absent right. (b) magnified inset showing conver-
gence of left- and right-side optic tracts continuing as a single left optic nerve.
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DISCUSSION

Optic nerve aplasia has been variably de-
fined in the literature (Martin-Begué and Saint-
Gerons, 2016; Ohuchi et al., 2016; Zhou et al.,
2020). Diagnosis of optic nerve aplasia within the
clinical setting is confirmed radiologically when
a blind eye presents with a total absence of op-
tic nerve fibres, optic disc, retinal ganglion cells
and central retinal vessels (Martin- Begué and
Saint-Gerons, 2016; Meire et al., 2011; Ohuchi et
al., 2016; Taylor, 2007). The total absence of optic
nerve fibres leading to the absence of the optic
disc and central retina vessels in the case study
presented concurs with radiological descriptions
of optic nerve aplasia.

Ohuchi et al. (2016) reported a bilateral case of
optic nerve aplasia observed during an autopsy.
The optic nerve presented as a myelinated cotton-
thread-like cord originating from the poorly de-
veloped optic chiasma and extending to the poste-
rior pole of the eyeball (Ohuchi et al., 2016), which
is consistent with an extreme case of hypoplasia
presented in the literature (Margo et al., 1992). In
contrast to Ohuchi et al. (2016), a complete uni-
lateral absence of both the intracranial and extra-
cranial course of the optic nerve is presented in
the current case study.

The commonly used diagnostic imaging modal-
ities for optic nerve aplasia include magnetic res-
onance imaging, computerized tomography, and
brightness (B-Scan) ultrasonography. However,
controversy still exists regarding the best imaging
modalities to accurately diagnose true optic nerve
aplasia (Martin-Begué and Saint-Gerons, 2016;
Ohuchi et al., 2016; Zhou et al., 2020). As a result
of differential diagnostic criteria being presented
in imaging studies, optic nerve hypoplasia has
been grossly misidentified as optic nerve aplasia
in the literature and the incidence of true optic
nerve aplasia remains unclear (Martin-Begué and
Saint-Gerons, 2016).

While some patients with optic nerve hypopla-
sia may present with partial blindness, it should
be noted that in true optic nerve aplasia patients
usually present with complete blindness (Meire
et al., 2011). Ocular anomalies associated with
optic nerve aplasia include microphthalmia, iris

anomalies, retinal dysplasia, cataracts, corneal
oedema and sclerocornea (Handley et al., 2021;
Martin-Begué and Saint-Gerons, 2016; Ohuchi et
al.,, 2016).

Microphthalmia is the presence of an abnormal-
ly small eye with reduced axial length and corneal
diameter measurements (Verma and FitzPatrick,
2007). The normal adult human eye presents with
a mean axial length of 23.8 mm and a corneal di-
ameter which ranges between 9.0-10.5 mm (Han-
dley et al., 2021; Verma and FitzPatrick, 2007).
In the clinical setting, any adult human eye with
a mean axial length of less than 21 mm is con-
sidered microphthalmic (Verma and FitzPatrick,
2007). In the current case, eyeball measurements
were not taken, as cadaveric soft tissues usually
shrink after preservation with formalin. Instead,
the measurements of the orbital socket taken to
substantiate the gross appearance of the left and
right eyeballs presented with an approximately
4mm smaller orbital height and breadth in the
right eye. Thus, the size difference presented in
the right eye when compared to the left in the cur-
rent case may be considered within the spectrum
of microphthalmia (Handley et al., 2021; Verma
and FitzPatrick, 2007).

Optic nerve aplasia may also be associated with
cardiovascular, endocrinological, gastrointesti-
nal, vertebral and neurological anomalies (Ghas-
semi et al., 2015). While little is known about the
lived state of health of the cadaver, presented in
the current case study, a smaller right splenium of
the corpus callosum was observed. The presence
of a reduced splenium of the corpus callosum
may be considered consistent with corpus callo-
sum hypoplasia (Martin-Begué and Saint-Gerons,
2016). In contrast with the current case study, the
radiological imaging of the brain in the case of op-
tic nerve aplasia reported by Ohuchi et al. (2016)
did not reveal any associated brain anomalies.
Despite this finding, the existing evidence sug-
gests that unilateral optic nerve aplasia associat-
ed with microphthalmia usually occurs without
brain abnormalities, especially when the aplasia
is due to single eye developmental interruptions
(Martin-Begué and Saint-Gerons, 2016; Ohuchi et
al., 2016; Taylor, 2007). In keeping with the var-
ied embryological contributions of tissues to the



development of the eye previously reported, the
absent right optic nerve in the current case may
be due to developmental anomalies of the retinal
ganglion cells (Ohuchi et al., 2016).

The calcified vitreous tissue may imply that the
mesenchyme failed to develop properly (Margo et
al., 1992; Ohuchi et al., 2016). In addition, there
could be reduction in blood flow around the right
eyeball, which could lead to proteins within the
vitreous humor becoming sticky and hardening.

Potential contributing genetic factors are diffi-
cult to ascertain, as the family and genetic history
was not available. There is also limited literature
on the incidence and genetics of human optic
nerve aplasia associated with microphthalmia
(Ghassemi et al., 2015; Handley et al., 2021; Meire
etal., 2011).

CONCLUSION

The current report includes the anatomical pre-
sentation of a true optic nerve aplasia associated
with microphthalmia. Cadaveric reports may ad-
vance the understanding of optic nerve aplasia
to the current sparse literature and substantiate
clinical and radiological presentations, in turn,
improving diagnosis and treatment.
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