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Abstract

A prospective study for traumatic optic neuropathy has been performed to review and revise management proto-col for active military
personnel and veterans who have sustained either traumatic brain injury (TBI) or mild traumatic brain injury (mTBI aka head concussions). A
new protocol for visual field testing to include both kinetic and static testing was utilized to uncover occult cases of traumatic optic neuropathy
(TON) either from traumatic brain injury or from mild head concussions as well as confirm suspected cases of TBI and/or mTBI. Furthermore,
we have identified that military parachute jumpers (paratroopers) represent a high-risk group for undiagnosed mild TBI and traumatic optic
neuropathy. We have urged that collaboration and development of safer helmet design would help reduce and maybe prevent further TBI, mTB],
and traumatic optic neuropathy for the military personnel.

Keywords: Traumatic optic neuropathy; Static visual field; Kinetic visual field; Traumatic brain injury; TBI; Head concussion; Mild TBI; mTBI;
Paratrooper; Helmet; Electrophysiology; PERG; VEP; Veteran disability

Abbreviation: TBI: Traumatic brain injury; TON: Traumatic optic neuropathy; TBI: Traumatic brain injury; MVA: Motor vehicle accidents; SNFL:
Superficial nerve fiber of ganglion cells; IOP: Intraocular space with higher pressure; CSFP: Cerebrospinal fluid pressure; RNFL: Retinal nerve
fiber layer; LGN: Lateral geniculate nucleus; OERG: Pattern electroretinogram; RGC: Retinal ganglion cells; VEP: Visual Evoked Potential; CTE:

Chronic Traumatic Encephalopathy; ACH: Army Combat Helmets; SD-OCT: Spectral Optical Coherent Topography

Introduction

In September 2021, we reported a case of a healthy 25-year-
old male who presented with distorted central vision of his left
eye, due to previously undiagnosed unilateral traumatic optic
neuropathy. The patient was a recently discharged Army veteran
who served from 2015-to 2020. In 2017 he sustained a mild head
injury from a motorcycle accident. All head X-rays, MRI, and CT
scans were normal. He required no medical treatment. His follow
up neurological evaluations for TBI were considered normal.
Despite his complaints of distorted central vision only in his left
eye, his multiple eye exams after the incident were considered
normal with 20/20 vision bilaterally, normal kinetic visual fields,
and no pathology present on anterior and posterior segment
examination. He was seen for veteran disability evaluation at our
clinic which uncovered a unilateral traumatic optic neuropathy
of his left eye. The diagnosis was confirmed with static visual
field testing which had not been previously performed [1]. We
were concerned that this case may have represented a potential

pattern of disease for traumatic optic neuropathy (TON) among
active military and veterans. The purpose of this paper is to report
undiagnosed cases of traumatic optic neuropathy that were
not detected with standard kinetic visual field testing and/or
misinterpretation of the kinetic fields. All cases of active military
service personnel on terminal leave and veterans with known
diagnosis of either TBI or a history of mild TBI were placed into
our new protocol for kinetic and static visual field testing and
interpretation.

Traumatic optic neuropathy (TON) is a form of optic nerve
damage caused by either direct or indirect trauma to the head/
orbit [2,3]. Indirect TON is caused by a transmission of force
through the skull to the optic nerve, propagating and shearing
of the retinal ganglion cells [2-4]. Injury in the anterior optic
nerve can cause disruption of the central retinal vessels, causing
retinal hemorrhages and swelling on examination [3,4]. Injury
to the posterior optic nerve commonly presents with a normal
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fundus examination because the retinal vessels re-main intact
[2,3]. Typical TON presentation includes some combination of
decreased visual acuity, visual field defects, relative afferent
pupillary defect in unilateral cases, and chronic optic disc atrophy
[2,3,5]. TON has been classified as a relatively rare cause of trauma
induced visual impairment. While only seen in 1 per million in the
general population, TON has been reported to occur in 0.5-5% of
closed head injuries, and up to 40-72% of traumatic brain injuries
with loss of consciousness [2,4-7].

Epidemiology TBI

Since World War I, traumatic brain injury (TBI) remains a
devastating injury for our soldiers and veterans, with rising rates
due to advancements in explosives and weaponry [8]. In the
current time frame from 2000-2020, there were a total 430,720
cases of TBI reported within the military worldwide [8]. More
than 185,000 Veterans who use VA for their health care have been
diagnosed with at least one TBI [9]. The majority of those TBIs
were classified as mild. TBI and its associated co-morbidities are
also a significant cause of disability out-side of military settings
[9]. Advanced weaponry plays a part in the high incidence of TB],
but also the advancement in medical care contributes to the rising
diagnosis of TBI and observation of its chronic effects [8]. There
is a direct well-established relationship between TBI and TON. In
a ten-year longitudinal study, there was a 3-time greater risk for
developing TON in those with TBI when compared to a population

Table 1: Types of Eye Trauma related to TBI or mTBI.

control group [6].

Within the military, parachute jumpers or paratroopers are
prone to specific injuries including lower extremity, axial skeleton,
and closed head injuries [10,11]. Parachute jumpers specifically
have a higher risk for TBI, as it is reported to be the second most
common injury experienced during paratroop procedures [10].
In a 2002 study at Fort Bragg, TBI prevalence and character
was examined in 2,337 active-duty service members by a self-
reported survey [10]. Of the surveyed soldiers, approximately
30% of Army parachute jumpers reported sustaining TBI's during
active duty compared to 13.5% in non-parachute soldiers [10].
TBI among paratroopers was more commonly due to parachute
related activities (18.4%) versus non-parachuting activities like
falls, vehicles crashes, or explosions, accounting for 8.4% within
paratroopers [10]. This data demonstrated that the proportion of
parachute related TBI was 1.4 times greater than non-parachute
related TBI [10]. Invis’s 2002 data also demonstrated that in
soldiers who had a history of TBI before the Army, paratroopers
were at increased risk for sustaining a second TBI while in active
service compared to non-paratroopers [10]. Various ocular
injuries can occur from mTBI/TBI resulting in potential for
vision loss (Table 1). Since active military and veterans are a sub-
population where TBI, and therefore TON may be more prevalent,
proactive assessment and proper diagnostic measures should be
emphasized in all post-TBI evaluation.

Anterior Segment

Explosive and penetrating injuries can physically disrupt and penetrate the outer ocular structures of the adnexal tissue
of the eye lids and cornea causing damage to the iris and lens.

Posterior Segment

Explosive injuries can cause elevation of internal eye pressure as well as penetrating foreign material that will cause
damage to the retina and optic nerve head with retinal bleeding and edema.

Optic Nerve

Explosive and blunt trauma can affect the optic nerve along its pathway to the optic chiasm. Unilateral and bilateral trau-
matic optic neuropathy can occur.

Optic Chiasm & Tract

Explosive and blunt trauma can affect the optic tract from the chiasm to the lateral geniculate body. Ganglion nerve fibers
from the nasal contralateral and lateral temporal nerve fibers can be affected causing bilateral visual field losses.

Occipital Lobe

Depending on the severity and location of the damage to the brain from explosive or blunt trauma injuries the loss of
vision will be bilateral. Contra-coup type of brain injuries is often noted.

Veteran Disability Exams

The current Veteran Disability Exams require a comprehensive
eye evaluation of the veteran. Visual acuity with and without
best correction, intra-ocular eye pressures, and evaluation of the
anterior and posterior segments of the eye with a dilated exam.
Pupil reaction to light and accommodation as well as muscle
balance are observed and recorded. Color vision and depth
perception are also evaluated. In addition, kinetic visual field
testing and interpretation are required. After recording all normal
and abnormal findings a nexus is established to determine any
causal relationship between military service and any documented
and observed eye pathology. Any claimed condition by the veteran,
because of his/her military service, is addressed by the physician.
The nexus can be classified as follows: eye pathology that is Direct

Service Connection, Secondary Service Connection, Aggravation
of a condition that existed prior to service, or Aggravation of a
nonservice connected condition by a service-connected condition.
In order to obtain veteran disability benefits, the examiner only
has to demonstrate that the diagnosed medical condition is as
likely as not caused by an in-service incident or service-connected
condition.

Malingering is always a concern when evaluating for disability
benefits, but accurate assessment to identify true impairments
should be actively pursued in all veteran disability evaluations.
Veteran disability examinations require kinetic field testing but
lack an indication or coverage for static field testing. Visual field
defects can cause serious deterioration in quality of life, including
the status of a patient’s independence. Visual disability may affect
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the ability of an individual to take care of themselves (hygiene,
cooking, cleaning) and can cause safety issues such as ability to
drive a vehicle. Disability payment for eligible veterans results in
a tax-free monthly payment, which defers depending on type of

Table 2: Basic Rates for monthly disability payments.

claim, dependent status, and percent disability rating [12]. Table 2
shows the monthly payment veterans could receive with 70-100%
disability rating [12].

Dependent status 70% disability rating 80% disability rating 90% disability rating 100% disability rating
Veteran ag’e’;is()“" depen- $1,444.71 $1,679.35 $1,887.18 $3,146.42

Patients and Methods

In our prospective study to identify TON, we performed a
comprehensive eye exam including both kinetic and static visual
fields using the Humphrey Field Analyzer on all active military
personnel on terminal leave and retired veterans who had a history
of TBI and/or mTBI (head concussions) from any source, while in
active military service. Veterans who had a history of any type of
head injury before or after military service were eliminated from
the study; however, these veterans were still evaluated for TON
but are not included in our results. Veterans who had other eye
pathology that could affect visual field testing such as glaucoma,
diabetic retinopathy, MS etc. were also removed from the study
group. Important variables that were examined included age,
sex, cause of TBI and mTBI, bilateral v. unilateral TON diagnosis,
and type of visual field loss. The study was conducted from May
25, 2021 to November 25, 2021. A total of 413 active military
personnel who were in the process of terminal leave (discharge
from active service) and veterans who were already discharged
and seeking disability evaluation with possible benefits were
examined by referral from QTC (qtc.com), VES (vesserrvices.com)
and LHI (logistics.com) as part of a disability evaluation/benefit
exam.

Results

In this six-month prospective study, 41 cases of traumatic

optic neuropathy were diagnosed out of the 413 veteran disability
exams performed at the Goldsboro Eye Clinic (Table 3). Of these
41 cases, 56.1% of patients presented with bilateral TON (n =
23), versus 43.9% with unilateral TON (n= 18). The average age
of TON patients was 38.3 years, with the vast majority of patients
being male. Of the 41 cases of diagnosed TON, 24 were still active
military and 17 were veterans with an average time of 15.8 years
since discharge. Out of the 413 ex-ams, 51 patients had a known
diagnosed history of TBI/mTBI. 41 cases out of the 51 patients
(80.3%) with known diagnosis of TBI/mTBI had some evidence
of TON. The causes of TON were divided into blunt trauma (any
direct blow to the head being struck by/against), falls, motor
vehicle accidents (MVA), explosions, and paratrooper-related
activities (falls and/or blunt trauma). The most common cause
of TBI/mTBI resulting in TON was due to blunt trauma (34%),
with paratrooper-related activities as the second most common
activity (22%) (Figure 1). Multiple patterns of visual field testing
were observed between these cases, which are outlined in Table 4.
Most importantly, it was recognized that neither individual static
nor kinetic visual field testing confirmed every visual field deficit
seen in these TON presentations. 18 VF defects were missed
during kinetic field examination, while 1 VF defect was missed if
individual static testing were used (Figure 2). The sensitivity of
kinetic testing for TON in this study is 0.56, while sensitivity for
static visual field testing in TON is 0.98.
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Figure 1: Causes of TON in Prospective Study. During the six-month prospective study at the Goldsboro Eye Clinic, 41 cases of TON
were identified. The various causes were classified into 5 categories: Blunt trauma (n=14), Paratrooper-related events (n=9), Motor vehicle
accidents (n=9), Explosive events (n=4), Falls (n=3), and Assault (n=2).
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PATTERNS OF VISUAL FIELD TESTING IN
TON EVALUATION

m Kinetic (+) Static (-) m Kinetic [-) Static (+) W Kinetic (+) Static (+)

Figure 2: Patterns of Visual Field Testing in TON Evaluation. Kinetic and Static visual field testing was
performed in assessment of TON diagnosis. Out of a total 41 confirmed cases of TON, kinetic testing was falsely negative in 44% (n=18),
while static testing was falsely negative in 2% (n=1). Both kinetic and static testing yielded true positive results in 54% of cases (n=22).
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Table 3: Data Results of Prospective TON Study Variables.

Patient Age/Sex Cause of TON TON Diagnosis Kinetic VF | Static VF TBI status
205170 25,M MVA Unilateral - ¥ Hixhead concusson & undiagnosed
38102 46, M Blunt Trauma Unilateral + + Hx head concussion
38397 71, M Blunt Trauma Unilateral + + Hx of head concussion
38609 51, M Blunt Trauma Unilateral - + Hx of head concussion
30793 39,M MVA Unilateral + + Hx of TBI
302385 26, M MVA Unilateral + + Hx of head concussion
34151 61, M MVA Unilateral - + Hx of TBI
315253 40, F MVA Bilateral + + Hx of head concussion
314415 46, M Blunt Trauma Bilateral + + Hx of head concussion
314738 45, M Blunt Trauma Bilateral + + Hx of TBI
314575 26, M Paratrooper Bilateral + + Hx of head concussion
315515 28,M Paratrooper Bilateral + + Hx of head concussion
314963 38, M Explosive Bilateral + + Hx of TBI
315624 48, M Paratrooper Bilateral + + Hx of head concussion
317685 22,F MVA Bilateral + + Hx of head concussion
317239 53, M Blunt Trauma Bilateral + + Hx of head concussion
319764 31, M Paratrooper Bilateral + + Hx of head concussion
322862 30,M Paratrooper Bilateral - + Hx of head concussion
323552 23, M Fall Bilateral - + Hx of head concussion
322646 22,M Paratrooper Unilateral - + Hx of head concussion
323825 23, M Fall Bilateral - + Hx of head concussion
323843 23, M Blunt Trauma Bilateral - + Hx of head concussion
303921 24,M Blunt trauma Unilateral + + Hx of head concussion
324799 30,M Paratrooper Unilateral + + Hx of head concussion
323798 54, M Blunt trauma Bilateral - + No Hx of TBI
324712 46, M Explosive Unilateral - + Hx of TBI
319348 50,M MVA Bilateral + + Hx of head concussion
327225 28, M Blunt trauma Bilateral + + Hx of head concussion
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324833 69, M Blunt trauma Bilateral + + Hx of head concussion
326901 36, M Explosive Unilateral - + Hx of TBI
328135 49, F Explosive Unilateral + + Hx of TBI
326630 59, M Paratrooper Unilateral - + Hx of head concussion
327997 20, M Blunt trauma Bilateral + + Hx of head concussion
327817 28,M Blunt trauma Unilateral - + Hx head Concus?rl;‘l‘ & undiagnosed
328001 30, M MVA Bilateral ) . Hx head concus?grll & undiagnosed
356128 28,M Assault Unilateral + - fixhead I & undiagnosed
327902 39, M Assault Bilateral + + Hx of TBI
327582 34, F Fall Unilateral ) . Hx head concus?llgrll & undiagnosed
360164 60, M MVA Bilateral ) . Hx head concus?llgrll & undiagnosed
359688 50,M Paratrooper Bilateral - + Hx head concus?ll‘grll & undiagnosed
360333 20,M Blunt trauma Unilateral - + Hx head concus?ll‘grll & undiagnosed
Table 4: Goldsboro Eye Clinic Veteran Diagnosis Patterns of TON.
Patterns of Visual Field Testing

Kinetic + Kinetic - Kinetic +
VF results in TON cases

Static + Static + Static -

Percentage 22/41 18/41 1/14
Discussion cleared neurological status. When TON occurs from damage to

Visual dysfunction is a common presentation after traumatic
head injury. In a 2019 MSMR report among military service
members, the most common visual symptoms were subjective
central vision loss, convergence insufficiency, visual field loss,
and accommodative dysfunction [13]. A total of 430,000 TBI
cases have been reported by the Defense and Veterans Brain
Injury Center, since the year 2000, making TBI a considerable
injury within the military population [13]. There is a clear, direct
relationship between TBI/head injuries and TON. A longitudinal
ten year follow up study established a 3-time increased risk of
developing TON after a traumatic brain injury [6]. Even mild TBI
can cause subtle damage to the optic nerve without widespread
cortical neurodegeneration [12]. Although optic nerve injury is
one of the most common events after TBI, nerve damage can be
difficult to evaluate clinically [9]. This points to the importance of
obtaining a medical history of concussion or head trauma in the
evaluation of patients with unspecified visual field loss.

The variability in TON presentation makes subtle cases easy to
overlook. TON often presents with sudden temporary visual loss,
but routine neurological assessment can appear normal, and may
not be a sensitive tool for evaluating potential optic neuropathy.
Importance should be placed on a patient’s history and symptoms
when evaluating for suspected TON, even in the context of
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the posterior optic nerve, retinal examination will not display
any gross abnormalities, due to the lack of retinal vasculature
disruption [2,3,14]. Damage to the retinal ganglion cells is also
delayed, occurring 3-6 weeks post trauma, when signs of possible
optic disc pallor and atrophy would first be appreciated on fundus
examination [6]. Sometimes the only clinical sign of unilateral
TON is the presence of a rapid afferent pupillary defect [2]. Due
to the unpredictability in TON presentation, the protocol for TON
workup includes visual acuity, color vision, visual field, RAPD
testing, and fundus examination [3,15].

However, there is no pathognomonic visual field loss for
TON. Visual field loss following partial avulsion of the optic nerve
from the globe tends to correspond with the lesion (Figure 3)
[14,16]. In Hughes’ series, 24 patients with intracanalicular TON
recovered enough vision to record a visual field. Half of these
cases demonstrated an inferior altitudinal defect with macular
and upper field sparing. Nerve fiber bundle defects generalized
constriction and depression, as well as central and paracentral
scotomas were also reported [17]. The most common site of
injury of the optic nerve is the intracanalicular portion of the
nerve, followed by the intracranial portion, and intra-ocular
area. Deceleration injuries from motor vehicle accidents account
for primary cause (17 to 63%) of TON cases, followed by blunt
trauma/ falls as the second most common cause [14]. Optic
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neuropathy is associated with traumatic brain injury and is more
likely to occur when there is a loss of consciousness. The role of
high-dose steroids and surgical orbital decompression in treating

TON is controversial and no strong evidence for the use of these
treatments have been expressed in the literature [2].
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Figure 3: Zwerling/ Carter: Static Visual Field Defects from Traumatic Optic Neuropathy. Visual field loss following injury to the optic nerve
corresponds with the location of the lesion. The above examples represent a compilation from our prospective case studies, and the
resulting visual field deficit based on estimated location of injury. (lllustration courtesy Charlee Anne Thomas). )

Anatomy & physiology of optic nerve

Before discussing the pathophysiology of TON, a brief review
of the optic nerve anatomy would be appropriate. The optic nerve
is 3-4 mm in diameter and measures 35-50 mm from the retina to
the optic chiasm. The nerve is composed of intraocular (~1 mm),
intra-orbital (30 mm) intracanalicular (6-9 mm), and intracranial
(10 mm) segments (Figure 4) [18-20]. The axons comprising
the nerve have their origin in the superficial nerve fiber layer
of the retina (SNFL) and extend beyond the chiasm and optic
tracts before synapsing within the lateral geniculate body [19].
From the synapse in the lateral geniculate body the 2nd order
neuron extends to the occipital area of the brain where visual
interpretation occurs (Figure 5). The topographic organization
of the axons, as arranged by the retina, is preserved within the
optic nerve. Except for its intraocular segment, the axons of the
optic nerve are myelinated [18,19,21]. The optic nerve begins its

formation at the optic nerve head or disc by the congruence of the
superficial nerve fiber of ganglion cells (SNFL) [19]. The optic disc
is 1.5mm in diameter. As these neurons pass through the Lamina
Cribosa, myelin sheaths are added to the exterior of the individual
nerve fibers, causing the size of the optic nerve to expand to
3mm [19]. The intraocular portion of the optic nerve is divided
into 4 sections: I. SNFL, II. Pre-Laminar, III. Lamina Cribrosa, and
IV. Retrolaminar sections [19]. The arrangement of these fibers
change as the optic nerve continues its course to the optic chiasm
(Figure 6) [19].

Most of the Intraocular optic nerve axons take a direct course
as they exit through the meshwork of the Lamina Cribosa [20,21].
However, about 10% of the axons can be diverted to pass through
the cribriform pores in the central and peripheral areas of the disc.
Consequently, these axons are more vulnerable to alterations of
the Lamina Cribosa in diseases like glaucoma and traumatic optic
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neuropathy [19]. The Lamina Cribosa forms a barrier between constitutesaweak pointinthe mechanicalload systems, and there-
two differentially pressurized compartments: the intraocular fore, this location is where the stress can be concentrated either
space with higher pressure (IOP) and the retrobulbar space with  from long term issues with glaucoma or short-term event from the
a lower pressure retrobulbar cerebrospinal fluid pressure (CSFP)  shearing and stretching forces generated by the displacement of
[11]. From a biomechanical point of view, the Lamina Cribosa the Lamina Cribosa from trauma (Figure 7) [19].

Sections of Optic Nerve B
[47-50 mm in length] -

Figure 4: Optic Nerve Anatomy. The Optic Nerve is 47-50 mm in length extending from the ocular globe to the optic chiasm. The optic nerve
is the paired cranial nerve Il. Historically the nerve is divided into 4 sections: in-traocular, intra-orbital, intracanalicular, and intracranial.
(Modified image from reference [20]).
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Figure 5: Pathway of the Optic Nerve Fibers. The nerve axons of the retinal ganglion cells travel posteriorly in the optic nerve to terminate
at the lateral geniculate body in the thalamus. The nerve axons from each nasal hemiretinal decussate in the optic chiasm and pass to the
contralateral side of the brain to terminate at the lateral geniculate body. Whereas the nerve axons of each temporal hemiretina remain and
tract on the same side of the brain. Thus, in each lateral geniculate body there are nerve axons from the same and contralateral hemiretina.
These fibers synapse in the lateral geniculate body to create the geniculo-calcarine tract to the occipital lobe of the brain. Magnocellular
pathways are represented in LGN layers 1&2, whereas parvocellular pathways are found in layers 3,4,5,&6 of the LGN. (lllustration courtesy
Charlee Anne Thomas).
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courtesy Charlee Anne Thomas).

Figure 6: Optic Nerve Fiber Arrangement. Location of various nerve fiber areas within the optic nerve: SN- superior nasal, IN= inferior nasal,
ST= superior temporal, IT= inferior temporal, M macula, A. Optic nerve head B. optic nerve pre-chiasmal C. Fundus orientation. (lllustration

A. Branch Retinal Artery and Vein

B. Recurrent Branches of posterior ciliary artery and vein.
C. Recurrent Choroidal Artery and Vein

D. Central Retinal Artery and Vein

E. Peripapillary Arterial circle of Zinn-Haller (ZHAC)
(HNustration courtesy Charlee Anne Thomas)

Figure 7: Blood Supply of the Intra Ocular Portion of the Optic Nerve.

J

Pathophysiology of TON

Direct and indirect traumatic brain injuries can cause TON
by both mechanical and/or ischemic damage to the optic nerve.
Generally, direct injuries have a worse prognosis than indirect
injuries, but sometimes TON injuries are so subtle there may be
no external evidence [3,14,22]. Two mechanisms, primary and
secondary, result in damage to the optic nerve. Primary injury
occurs when mechanical shearing forces directly damage the
nerve and vasculature, resulting in immediate tissue damage and
irreversible loss [14-16]. Neuronal damage in TBI can be caused

008

by either focal injury such as penetrating trauma, or diffuse axonal
injury from blast wave propagation i.e. IED [8]. The energy from an
explosive wave is capable of dramatically increasing the pressure
within the orbit, thereby subjecting the optic nerve to damage
[8]. Secondary injury occurs because of swelling and vasospasm,
causing increased pressure that impinges axon flow within the
nerve. The combined result is ischemia of the optic nerve that can
lead to permanent or temporary loss of nerve function [14].

Evanson’s mice model of TBI demonstrated that optic nerve
response to closed head injury was definitive axonal degeneration,
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showing cellular signs characteristic of astrocytosis and
microglial inflammation, even in the absence of gross damage on
neuroimaging [9]. They also demonstrated neurodegeneration
in structure directly innervated by the optic tract, including the
superior colliculus and lateral geniculate nucleus [9]. Shearing
forces can acutely cause vascular and axonal injury, but additionally,
increased intracranial pressure. Post-TBI has been shown to cause
chronic thinning of the optic nerve sheath diameter [8,9,12].
Gilmore’s 2020 longitudinal study followed 139 veterans with
mild TBI compared to veterans without a history of head trauma
[23]. This study revealed a significant difference in the thickness
of the retinal nerve fiber in veterans with chronic mild TBI [23].
Retinal nerve fiber layer (RNFL) thinning was associated with
progressive visual field loss and was correlated with the severity
of TBI. Interestingly, thinning of ganglion cells within the macula
seemed to be relatively spared, which is suggestive to why patients
do not always perceive subjective visual field changes over the
course of time [23]. Post-traumatically, retinal hemorrhages, optic
pallor and/or atrophy may or may not be visible on direct fundus

exam depending on the location of the injury, as well as its extent
[14]. Evaluation of the optic nerve function has been evaluated
historically by visual field testing: kinetic and static visual field
analysis.

Kinetic and Static Perimetry

Visual field testing is an important tool in providing
information about location of optic nerve damage, monitoring for
disease progression, and revealing visual impairments possibly
unknown to patients [3,24]. Historically, visual field testing was
performed with manual kinetic (Goldmann) technique and then
later with an automated static (Humphrey) [25,26]. Besides the
difference in stimulus delivery, Goldmann perimetry was distinct
from Humphrey due to the need of a trained technician. In 2016,
the Humphrey field analyzer 3 was developed to include both static
and kinetic modes [25]. The new device permitted automated
modes for both static and kinetic perimetry. The Humphrey field
analyzer 3 was used for the assessment of the patients in this
study (Figure 8).
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shown in the right lower image.

Figure 8: Commonly used Perimeter Machines and Comparison of visual field test results. The Goldman perimeter is shown in left upper
image. Humphrey field analyzer is shown in right upper image. OD kinetic field results shown in the left lower image. OS static field results
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Automation of perimetry has provided standardization and
reduction in examiner bias, but the difference in testing mechanism
still results in delivery of different outcomes. Kinetic perimetry
uses various isomers of light that move into the patient’s periphery,
thereby outlining the distinct shape of the visual field [26]. Static
perimetry measures sensitivity to a stationary stimulus presented
for 200ms, while the patient keeps their gaze centrally fixated
(Figure 8) [26]. While both kinetic and static perimetry have been
shown to reliably detect visual field loss, the two tests are not
equal [25]. The fundamental mechanism of each test is stimulating
different retinal ganglia cells [19,27]. Information about large, fast
moving objects (low spatial frequency; high temporal frequency)
with lack of color is detected primarily through M cells in the retina
ganglia layer and is projected through the magnocellular pathway
to layers 1 & 2 of the lateral geniculate nucleus (LGN). Meanwhile
information about small, slow stationary, colorful objects
(high spatial frequency information; low temporal frequency
information), is largely detected by P cells, which projects through
the parvocellular pathway to layers 3, 4, 5, & 6 of the LGN [19,28].

The moving stimulus in kinetic perimetry utilizes the
corresponding magnocellular pathways, while the stationary
stimulus in static perimetry uses the parvocellular pathways
[19]. Differences in visual field profiles between static and kinetic
testing has long been observed and is referred to as static-kinetic
dissociation [27,28]. The occurrence of static-kinetic dissociation
demonstrates that these perimetry techniques are not equivalent,
but instead are complimentary to each other. It has been noted
in the literature that static perimetry is generally superior to
kinetic in evaluating the central field of vision, while kinetic
perimetry is better at evaluating the extent of the peripheral field
[24,29-32]. A comparison study of varying neuro-ophthalmic
disease found that kinetic perimetry tended to underestimate
both the depth and spread of central/paracentral scotomas [33].
Another 2009 comparison showed static perimetry was able

Table 5: Evaluation Recommendations Summary.

to detect small paracentral scotomas while the relative kinetic
perimetry remained normal [32]. Static perimetry was 19% more
sensitive for paracentral scotoma defects in this study [32]. In
our prospective study, static perimetry was more sensitive for
VF defects in TON cases, mainly in revealing para-central type
scotomas. Kinetic perimetry proved useful in revealing peripheral
defects that static perimetry missed. The degree of error in using
these perimetry tests individually confirms the hypothesis of our
earlier case report: a single visual field analysis is not adequate in
the examination of visual problems resulting from TBI.

Evaluation and Recommendations

To our knowledge, this study demonstrates a missed TON
diagnosis due to the lack of static field visual field testing, as
well as missed interpretation of kinetic visual fields in some of
the other cases. A pattern of undiagnosed TON cases is present
in the military population where mild TBI (mTBI) with TON are
more prevalent and only kinetic testing is used for the visual
field examination. We would recommend that all active service
military personal and all veteran eye screening exams need to be
amended to include both static and kinetic visual field testing with
a history of TBI and/or mild TBI head concussions (Table 5). This
recommendation allows the strengths of both tests to be utilized
in the evaluation of highly variable outcomes. Static perimetry has
a higher sensitivity for detecting defects in the central 30 degrees
of vision, while kinetic perimetry provides a better assessment
of the periphery. Initiating routine use of both perimetry testing
would not significantly change the cost, time, or personnel needed
in workup, but could prevent a proportion of false negative results
and unidentified visual disabilities. Furthermore, there is an
objectively higher percentage of TON patients among military
paratroopers as compared to all the other sectors of military
service.

1 Kinetic and static visual field testing should be done on all head injury cases

2 Kinetic and static testing should be done periodically on all paratroopers

3 Need for immediate improvement in helmet design for paratroopers

It is also important to anticipate that patients who have TBI
and TON together, that there may be a complex presentation of
visual loss in either the kinetic and/or static visual fields. Some
of the loss is due to cortical brain injury and other losses may be
due to damage to the optic nerve. Based on our accumulated data,
we have created a Risk Score for Traumatic Optic Neuropathy
[34,35,36] (Table 6). This TON Risk Score can be helpful in
identifying those individuals that are at risk or might already
have TON and are unaware. Finally, there needs to be an updated
methodology in determining a veteran disability rating for con-
firmed diagnoses of traumatic optic neuropathy. Many of the study
cases had problems with oculomotor issues like convergence,
accommodation, and visual tracking of moving objects in addition
to the confirmed visual field losses and/or visual acuity loss.

Currently, disability ratings are limited to visual acuity and
visual field calculations and do not have a clear rating system for
oculomotor dysfunction.

Role of Electrophysiological Testing

With the development of electrophysiological testing, we will
be studying these tests as a supplementary method to confirm
optic nerve pathology in future prospective studies. Ophthalmic
electrophysiology analyzes the electrical signal generated in
vision [37], which involves the creation of an electrical signal
generated in the retina and subsequently propagated through
the optic nerve and optic tracts in the brain to the occipital lobe.
This electrical signal is interrupted in the visual cortex. There
are various electrophysiological testing methods to measure this
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electrical signal by isolating the signal production in the retina
with precise measured amounts of flashes of light and comparison

to the produced electrical signal to the brain [37].

Table 6: Risk Score Assessment for Traumatic Optic Neuropathy.

Variable Parameter Points
4 3 2 1 0
A Age >60 >50 >40 >30 >20
B Intensity (impact force) extreme serious moderate mild Minimal
C Repetition >5 4 3 2 1
D Sex Male add 0 Female add 1

Types of Impacts: Explosion, Falls, Blunt/Collision (struck by/against), Assault, MVA, Combat or
Training Exercises

In Physics, the impact force is defined as the force, from a brief dynamic event when two objects collide in a short period of time, resulting in an
abrupt change of momentum or exchange of energy.
At the moment of impact, the energy of a moving object is converted into work. To calculate the force of im-pact, divide kinetic energy by distance
[33].
A+B+C+D=
Low Risk Level 0-4
Medium Risk Level 5-9
High Risk Level 10-14

Although men represent the majority of patients with TBI, women are more likely to have worse outcomes [34,35].

i Full field ERG (ffERG): measures the overall response
in the retina specifically the rods and cones to specific flashes of
light [38]. This test is very helpful in the management of diabetic
retinopathy [38].

ii. Multi-Focal ERG (mfERG): measures specific areas
of the retina to assist in the diagnosis of various types of retinal
disease [39]. This test is especially useful for patients on Plaquenil
therapy [39].

ii. Pattern ERG (PERG): The pattern electroretinogram
calculates the electrical activity of the retina in response to a
test stimulus, such as a reversing checkerboard stimulus, and
measures the function specifically of retinal ganglion cells [13].
PERG can help in the determination of dysfunctional cell activity
and is useful in detecting early disease abnormalities in glaucoma
and diabetic retinopathy [23]. Pattern electroretinogram (PERG)
has been useful in detecting and evaluating early damage to retinal
ganglion cells (RGC) [13]. Simultaneous recording of the PERG and
VEP have proven beneficial in detection and differential diagnosis
of demyelinating optic neuropathies and separation from macular
disease.

iv. Visual Evoked Potential (VEP): measures the time for
a visual stimulus to travel from the eye to the occipital cortex in
the brain [37]. This test is designed to demonstrate alterations
in optic nerve function and injuries in the anterior part of the
visual pathway. Although not specific, VEP aids in detecting
diseases that affect the optic nerve like optic neuropathies,
glaucoma, and tumors compressing the optic nerve [37]. VEP has
demonstrated more accuracy in the evaluation of pre-chiasmatic
disorders. Another application of VEP is to quantify visual system
function following trauma. It is not unusual that compression of
optic pathways immediately after severe trauma results in no
recordable VEPs [37]. However, VEPs may be recordable days later

when inflammation subsides [37]. Interpretation of VEPs must be
considered within the context of the patient’s clinical appearance
and information available from other tests and examinations. VEP
results can be predictive of visual recovery in traumatic optic
neuropathy [2]. VEP can provide an objective assessment of visual
field defects not yet present on automated perimetry in patients
with glaucomatous and non-glaucomatous optic neuropathies
[23,37]. Electrophysiological testing is an interesting area to
utilize in the diagnosis of traumatic optic neuropathy. Additional
comparative studies need to be performed to determine which
particular method offers the best help in the overall diagnosis of
traumatic optic neuropathy.

Prevention with Protection

Based upontheground-breakingresearchin Chronic Traumatic
Encephalopathy (CTE) among retired NFL players by Bennet I.
Omalu, M.D., M.PH.T, new helmet design and protocols for football
player safety have been developed [40,41]. By improving military
helmet design, we can reduce mild TBI and related TON. Not only
will this approach better protect our military personnel it will also
reduce costly medical care and disability payments after military
discharge. Based on regular disability rating and the average age
of TON in this study being 38.3 years, a veteran could be receiving
disability payments for most of their life. Following average life
expectancy, 100% disability payments could approximate 1.5
million US dollars per person. Parachute jumpers wear slightly
modified Army Combat Helmets (ACH) [42,43] (Figure 9). Some
para-chute jumpers are given CRYE Helmets which offer better
protection [44] (Figure 10). According to verbal discussions with
various military parachute jumpers, not everyone can get these
helmets because “they are too expensive”. After each parachute
jump, the paratrooper must report to an on-site medic if they
suffered any bodily/ head injury. If the paratrooper reports any
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type head injury or abnormal symptom, then the paratrooper
may not be allowed to continue as a paratrooper. Clearly, if these
statements are true, this type of evaluation is too subjective and
lacks any in-depth medical evaluation. It is appropriate that an

onsite medic is present to respond to any immediate concern;
however, a more objective analysis needs to be performed on all
paratroopers on a regular basis.
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Figure 9: Advanced Combat Helmet. The standard issue helmet for paratroopers in the airborne both the figures side
\___at Fort Bragg, NC [42,43].
Figure 10: CRYE helmet. CRYE airframe helmet is a more protective helmet version reportedly worn by some paratrooper [44].
J

Future Diagnostic Concerns

Every patient that was examined and diagnosed with TON was
given an explanation of this medical condition. Our concern was
to anticipate future diagnostic potential issues. Namely, some of
the visual field losses from TON could easily be interpreted as a
loss from another disease. For example, it is possible that another
eye care professional, who is unaware of the TON history, might
diagnosis and treat the patient for normotensive type glaucoma, or
optic neuropathy from an unknown cause like multiple sclerosis,
etc. By informing and educating the patient about TON, hopefully,
a future incorrect diagnosis and/or treatment could be avoided.

Future Research Needed

Our Prospective Study represents only the beginning in
understanding how traumatic optic neuropathy is involved with
TBI and mTBI cases among our military personnel. We were
limited in our study due to only one exam allowed for each veteran,
who was then lost to our follow up. We did not have access to
spectral Optical Coherent Topography (SD-OCT) domain analysis
and had to rely on the older stratus OCT machine. With SD-OCT
testing, a detailed study of the retinal nerve fiber layer, optic nerve
head, and the ganglion cell complex could be performed and used
as an objective comparison especially in cases of unilateral TON
as well as additional confirmation of traumatic optic neuropathy.
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Furthermore, we were not able to coordinate follow-up of the
patient with neurology and neuro-ophthalmologists who could
evaluate further with radiologic studies of CT scans and MRI
testing, which would provide more evidenced based medicine in
the diagnosis of traumatic optic neuropathy. None the less, we
did make recommendations for neurologic referral and further
evaluation to the veteran’s disability benefit. Currently we are
performing another prospective study adding VEP analysis to our
protocol.

Conclusion

We reported the results of a prospective study to detect
occult cases of traumatic optic neuropathy among the active
military and veteran population that was performed as part of a
disability benefit evaluation. The research used our new protocol
of kinetic and static visual field testing in all cases of suspected
and/or confirmed cases of TBI and mild TBI. The results of our
investigation demonstrated the value of this new protocol in order
to diagnose cases of traumatic optic neuropathy as well as confirm
suspected cases of TBI and/or mTBI. Moreover, the study clearly
identified military paratroopers as a high-risk military group for
under reported head injuries. We would recommend periodic
kinetic and static field testing especially for this military group.
Finally, based upon our research, we would recommend further
investigation into traumatic optic neuropathy among military
personnel as well as development of safer helmet design for the
military paratroopers. Using the NFL research for safer helmets
as a starting point, an improved helmet design could reduce
concussion events and reduce permanent brain damage to our
veterans.
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