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The sensory nerves that are accountable for the sensation of the cornea originate from the ophthalmic division of the trigeminal
ganglion. Around 20% of the nociceptors present in the cornea serve a vital function in transmitting intense and sharp pain sensations when
there is mechanical contact with the ocular surface. Roughly 70 percent of the nociceptors present in the cornea respond to different chemical
stimuli, such as acetylcholine, prostaglandins, and bradykinin, as well as heat and mechanical irritants. The rest of the receptors are sensitive
to temperature. Most of the patients who have cornea pathological conditions complain of photophobia as one of the clinical signs. Photophobia
is characterized by an elevated sensitivity of the eye to light in contrast to its usual reaction. Given that light is composed of various wavelengths,
each containing a certain amount of thermal radiation energy, the term “thermophobia ” might be a more suitable descriptor than photophobia.
This paper presents novel findings on the perception of photophobia in cornea inflammatory conditions. It thoroughly explores the proposed
neural pathway of photophobia in various neurological and eye medical conditions, shedding light on the potential underlying causes for patients
experiencing photophobia, even when the exact cause remains undetermined.
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Pestome. Yyscmeumenvhvie Hepevl, KOMOPbie OMEEHAOM 3a HYECMEUMEAbHOCHb PO2OSULbL, Oepym HA4a10 6 2AA3HOM Omdene mpoil-
HuyHo20 eanenus. Okoao 20% Hoyuuenmopos, npucymcmeyuux 6 po2oguye, bINOAHIIOM JICUSHEHHO 8ANCHYIO QYHKUUI NO nepedaye
UHMEHCUBHBIX U OCMPBIX 00AeBbIX OUYUWEHUTI NPU MEXAHUYECKOM KOHMaKme ¢ nogepxnocmoio enasa. Ilpumepro 70% nouuuenmopos,
NPUCYMCMEYIUWUX 8 PO2OBUYe, Deazupyiom HA PA3AUYHble XUMUYecKUe pazopajcument, makue KaKk auemuixoiut, npocmazianou-
Hbl U OPAOUKUHUH, @ MaKdice Ha Menio U mexanuyeckue pasopaxcumenu. Ocmanvhvie peuenmopsl 4yeCmeumensvtsl K memnepamype.
OO0HUM U3 KAUHUYECKUX NPUHAK08 Y OOAbUUHCIEA NAUUCHMOE C NAMOA0UMECKUMU COCMOSHUSMU PO20BULbL AGASIOMCS HCAN00bl HA Cee-
mo6os3Hb. Ceemob0s3Hb XapaKmepusyemcst NOSbIUeHHOU (N0 CPABHEHUIO ¢ 00bIYHOLL) HY8CMEUMENbHOCMbIO 21a3a K ceemy. Yuumoieas,
Ymo ceem GKAKOHAEN CNeKMpP U3AYHEHUL C PAAUYHOU OAUHOL 0AHbL, KAXNCO0e U3 KOMOPbIX COOEPICUM ONPE0eNeHHOe KOAUMECME0 Menio-
8011 SHepeul, mepMuH «mepmodoous» modcem Obimsy 601ee NOOX00AUUM ONUCAHUCM, YeM C8emob0s3Hb. B cmamve npedcmaesaenvl Hogble
De3yabmaml, KAcaouuecst ceemobosi3HU NPU 60CRAAUMENbHBIX COCIOSHUSX P0208uybl. B Hell nodpobHo onucsieaemcs npeonoaaeaemylii
HeUPOHHbIIL NYMb C6eMOOOSI3HU NPU PA3AUMHBIX HEEPOAOSUMECKUX U 2AA3HbIX 3a001e8AHUSX, YKA3IGAIOMCS OCHOGHbIE NOMEHUUANbHbIE
NPUYUHBL C6eMOO0SA3HU Y NAYUEHMO08, 0adice ecau MOYHAS NPUYUHA OCIAemcsi HeONPeoe eHHOIL.
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Pain information from the eye is transmitted by afferent fibers
stemming from the ophthalmic (V1) segment of the trigeminal
ganglion. The conjunctiva, cornea, sclera, and uvea are extensively
innervated by trigeminal nerves and display a remarkable
susceptibility to pain. Discomfort associated with orbital
myositis is attributed to the nociceptive afferents that course
through cranial nerves (CN) III, 1V, and VI, originating
from the extraocular muscles. The painful stimulus associated
with optic neuritis is attributed to 5" cranial nerve afferents
present in blood vessels and dura that surround the optic nerve.
Sensory innervation from the trigeminal nerve to the blood
vessels in the orbit contributes to the pain experienced during
idiopathic orbital inflammation syndrome. Autonomic effectors
densely innervate the orbital structures primarily utilizing
the branches of the trigeminal nerve for their course. Activation
of the trigeminal ganglion results in the release of mediators
that trigger the trigeminovascular reflex, causing the dilation
of cranial vessels innervated by the trigeminal nerve after
exposure to a nociceptive stimulus. Another multisynaptic reflex,
the trigeminoautonomic reflex is characterized by the activation
of superior salivatory and Edinger — Westphal nuclei through
collaterals originating from the trigeminal nucleus caudalis (TNC).
The TNC mediates painful stimulus from head. Superior salivatory
outputs activate lacrimation and pupillary constriction is regulated
through the output signals originating from the Edinger —
Westphal nucleus during occurring of a painful stimulus.

Within the human body, the cornea stands out
as an exceptionally sensitive and richly innervated tissue.
The preservation of the cornea and conjunctiva relies
on the corneal nerves, which are responsible for generating
reflex tears, blinking, and the secretion of neurotrophic factors.
These combined actions are vital for maintaining the integrity
of the ocular surface. As a result, reduced corneal sensitivity,
corneal surface abnormalities, and potential vision loss can arise
from damage to the corneal nerves caused by corneal diseases,
injury, or surgery.

Sensory nerves responsible for the cornea’s sensation
have their origin in the ophthalmic division of the trigeminal
ganglion. These nerves follow the course of the nasociliary nerve
and long ciliary nerve, eventually dividing into nerve fibers
that penetrate the cornea [1].The overlying corneal epithelium
is supplied by the subbasal nerve plexus (SBNP), which is formed
by the division and parallel arrangement of these branches between
the basal epithelium and Bowman’s layer on the superficial
surface of the cornea [2]. Each sensory axon is associated
with a considerable receptive field owing to the extensive branching
of the corneal nerve fibers.

Due to the overlapping receptive fields, this organizational
structure results in a reduced ability to accurately localize
or discern stimuli. Nonetheless, it compensates for this deficiency
by demonstrating an extraordinary level of sensitivity toward
external stimuli [3].

Ocular dryness, discomfort, or pain can be perceived
by the cornea due to its wide sensory nerve supply, which enables it

to transduce different temperature, mechanical, and chemical
stimuli- [4].

The mechanoreceptors form about 20 percent of the cornea
nociceptors that play a significant role in transmitting intense
and sharp pain when there is mechanical contact with the ocular
surface via the thinly myelinated Ad type corneal nerves [5].

The majority, approximately 70 percent, of nociceptors
in the cornea are polymodal in nature. These nociceptors utilize
slow-conducting unmyelinated C type nerves to convey sharp
and sustained pain responses. They are activated by various
chemical stimuli, such as acetylcholine, prostaglandins,
and bradykinin, as well as heat and mechanical irritants [6].
AS and C fiber cold receptors make up the remaining 10%.
These receptors activate when the cornea is exposed to cold fluid
or air after dryness of the cornea [7].

The condition of photophobia is defined as an increased
sensitivity of the eye to light compared to its regular response.
Is there a shared pathophysiological pathway of photophobia
between iritis or ocular albinism and corneal inflammatory
conditions?

The presence of photophobia in anterior uveitis can be
attributed to the irritation of the trigeminal nerve caused by ciliary
spasm. Conversely, light sensitivity in ocular albinism arises
from the deficiency of melanin in the retinal pigment epithelium,
leading to the internal reflection of light.

Most patients who seek medical attention for cornea
pathology, such as dry eye or cornea ulcer, commonly report
photophobia as a notable symptom.

On the other hand, a condition known as photo-oculodynia
is an idiopathic chronic eye pain syndrome that presents
with hypersensitivity and pain in response to light such as ambient
illumination, despite the absence of any inflammation.

Remarkably, there have been documented instances
of photophobia occurring in blind patients, despite their inability
to form visual images [8].

The electromagnetic spectrum is a classification system that
categorizes and organizes electromagnetic waves based on their
different wavelengths and frequencies. This spectrum encompasses
all the various types of electromagnetic radiation present in our
universe, as illustrated in the figure below (Fig. 1).

Within the electromagnetic spectrum, the visible light
range occupies a position between the wavelengths of infrared
and ultraviolet. This range extends from 380 nm to 740 nm.
Ultraviolet light is found below 380 nm, whereas infrared waves
are situated above the 700 nm.

It is very important to distinguish between thermal
and infrared radiation; thermal radiation encompasses
electromagnetic radiation of all frequencies produced
by the thermal emission process, whereas infrared radiation
specifically refers to electromagnetic radiation within the frequency
range of 0.3 THz to 400 THz, regardless of its origin.

The Venn diagram, conceptualized by the scientist John
Venn, serves as a graphical tool to depict the emission of thermal
radiation (Fig. 1). This diagram showcases the relationship between
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visible light, ultraviolet light, and infrared light, highlighting
the fact that all three types of light emit thermal radiation.
Through this visual representation, Venn effectively conveys
the interconnectedness and shared characteristics of these different
forms of light. The presence of thermal energy can be observed
in all wavelengths, each exhibiting a distinct percentage.

The incandescent bulb’s brightness is predominantly
in the infrared spectrum, with only a small fraction of its light
falling within the visible range and minimal ultraviolet radiation.
In the figure below (Fig. 2), the infrared carries the highest thermal
energy.

Proposed neural pathways associated with photophobia.
Several articles tried to explain the neural pathway of photophobia
in corneal conditions such as dry eye. Photophobia and dry eye
can be linked to the trigeminal nerve and its nuclei, particularly
the nucleus caudalis [9].

1) The sensory input from the primary afferents
in the ophthalmic division is consolidated in the trigeminal
nucleus caudalis, which subsequently transmits this information
to the central nervous system. From there, nociceptive sensation
is projected through the parabrachial and thalamic nuclei,
ultimately reaching the cortex and subcortical centers responsible
for processing pain perception [10].

2) The investigation conducted by Noseda and colleagues
identified a distinct second neural pathway, showing that a subset
of intrinsically photosensitive retinal ganglion cells (IPRGCs)
establish direct connections with thalamic nuclei that are not
typically associated with vision. These specific nuclei are involved
in somatosensation and pain [11].

3) The author proposes a neural pathway that incorporates
the heat cornea receptors through the 5" cranial nerve.
These receptors play a crucial role in transmitting the heat

properties of electromagnetic wavelength
as it is important to not ignore the other
physical properties of light. It is suggested
that this proposed pathway might overlap
with the two pre-existing neural pathways.
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of axons, encompassing both myelinated
and unmyelinated types. These axons,
numbering between 900 and 1200, possess
diameters that span from 0.5 to 5 um [13].

The oblate nature of fluorescein
molecules was deduced by examining their
structure, revealing semi-axes of 7 angstrom
and 2 angstrom. These dimensions were
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estimated based on bond length and van
der Waals radii [14].

The limitation in the magnification
capability of the slit-lamp may result
inthe failure to detect corneastaining, owing
to the extremely small size of fluorescein
molecules and the micrometer diameter
of cornea nerve fibers. It is feasible
for the patient to present with symptoms
of dry eye, even if there are no apparent
clinical manifestations such as cornea
staining.

In a clinical setting, patients
experiencing inflammatory cornea
conditions, such as dry eye, often have
a low tolerance for the intense white light
emitted by the slit lamp. However, when
a blue filter is introduced into the light
pathway, the examiner can observe that
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the patients exhibit a higher pain tolerance towards blue light
compared to white light.

Regarding inflammatory conditions that affect the cornea,
the author suggests that the patient complains of thermophobia
which is an intolerance towards temperature rather than
photophobia. Due to the cornea’s temperature-sensitive
nociceptors, thermophobia might be a more fitting term than
photophobia in cornea inflammatory conditions. Additional
investigation is needed to explore filters that block wavelengths
associated with high levels of thermal radiation.
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