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Abstract

Primary objective: To determine whether critical flicker frequency (CFF) thresholds are abnormal in individuals with mild
traumatic brain injury (TBI) and, if so, if they are correlated with the degree of reported motion and light sensitivity.
Methods and procedures: The foveal CFF threshold was assessed in individuals with mild TBI (n= 18) having varying
degrees of reported light and motion sensitivity. Mean CFF values were obrained using the ascending and
descending psychophysical method of limits with binocular viewing at 40cm. A 7-item, rating-scale questionnaire was
used to assess the degree of light and motion sensitivity, These parameters were also assessed in a large visually-normal,
non-TBI cohort.

Main outcomes and results: CFF in the mild TBI group was not significantly different across age groups from the visually-
normal, non-TBI cohort. However, mean CFF among the mild TBI subjects was significantly higher for the ‘light sensitive’
and ‘motion sensitive’ sub-groups when compared to the ‘not light sensitive’ and ‘not motion sensitive’ sub-groups. The
majority of TBI subjects manifested both light and motion sensitivity.

Conclusion: CFF was found to be reiated to the reported degree of light and motion sensitivity in individuals with mild TBI.
Neurological disinhibition as a result of brain injury may be causal of the subjective hypersensitivity to light and motion
in the presence of normal CFF.
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Introduction processing with respect to the speed and transmis-
sion aspects of the neural response.

Among traumatic brain-injured (T'BI) individuals,
many present with a range of visual and neurological
impairments [13, 14]. Most relevant symptoms
include reports of sensitvity to light and sensitivity

to visual motion [15-17]. In such cases, these

Critical flicker fusion frequency (CFF) is defined as
the lowest frequency at which a physically flickering
light is perceived to be non-flickering or ‘steady’ [1].
CFF is a rapid and simple technique for providing
information about the temporal responsivity of the

visual system by defining the upper limits of one’s
temporal resolution. It has been found to vary with
various aspects of the stimulus guality and popula-
tion tested [2-6]. CFF is important not only in
assessing the integrity of the retina, but also in
ascertaining temporal processing beyond the retina
[7-12]. Tt reflects the capabilities of temporal

individuals also reported general visual discomfort
and an inability to read efficiently under normal
lighting conditions, to view computer screens for
prolonged periods of time, to watch television in
a darkened room, to function in busy supermarkets
or office buildings or even to go outdoors on sunny
days. This may be due to the overall variation
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in illumination level and/or flicker of the lighting
conditions. For example, there are frequent com-
plaints from this population that flucrescent lighting
1s especially bothersome (i.e. flickering effect) and
often umes causes them extreme visual discomfort
inside offices, supermarkets or hospitals that are
typically illuminated in this manner [18]. Under
normal conditions, the flickering of fluorescent lights
is above the human flicker threshold [6, 12].
However, if TBI patents have an abnormal CFF
threshold, normal fluorescent lighting and its related
apparent flicker and motion may cause significant
visual and general discomfort in these patients.
Therefore, an abnormality in temporal processing
of TBI patients may be related to some of their
symptoms.

Thus, the purpose of the present study was to
determine the foveal CFF threshold in mild TBI
patients and relate this to their reported sensitivity to
light and visual motion. If the CFF threshold is
different from the normal population, then this
would provide insight into the neurological effects
of TBI on the temporal visual processing of light
and/or motion.

Methods
Subjects

Fifty-six faculty, staff and students of the SUNY
State College of Optometry served as the visually-
normal, non-TBI control group (see Table D).
Ages ranged from 22-83 vyears, with a mean of
45 vears and a standard deviation of +15 years.
There were 25 males and 31 females. Only
two subjects reported mild light sensiuvity, while
all others reported neither light nor visual motion
sensitivity. None reported history of past or present
retinal or neurclogical disease nor brain injury.
All reported to be in good health.

The mild TBI group consisted of 18 subjects
recruited from the Raymond J. Greenwald
Rehabilitation Center at the SUNY State College
of Optometry (see Table I). Subjects were selected
through convenience sampling [19]. Ages ranged
from 19-72 vyears, with a mean and standard

Table I. Comparison of normal and TBI groups.

Normal TBI
Age range (yvears) 22-83 19-72
Mean £ 1 SD (years) 45+ 15 457 £13.6
Male : fermale ratio 25:31 6:12
Range of time post-injury {vears} — 0.25-15
Mean time post injury (vears) — 5.2

deviation of 45.7%£13.6 years, respectively.
There were six males and 12 females. All were
tested at least 3 months post-injury, with a range of
3 months to 15 years and a mean of 5.2 years. They
received a comprehensive vision examination,
including assessment of refractive state, binocular
status and ocular health.

Individuals with glaucoma, cataracts and other
retinal or optic nerve disorders were excluded from
the study due to the possible effects on CFF [20].
Those with myopia above 8.00 diopters were also
excluded, as lower CFF values have been reported
in this highly myopic populaton [21]. Other
exclusion criteria included subjects having a history
of seizures, vertigo, dizziness or excessive fatigue,
which may be exacerbated by the flickering nature of
the stimulus.

The study was approved by the SUNY State
College of Optometry Institutional Review Board
and followed the tenets of the Declaration of
Helsinki. All subjects provided written, informed
consent.

Apparatus

The foveal CFF was measured using an experi-
mental device developed and fabricated at the
college. It consisted of an array of four adjacent
white LED’s with a spectrum of 460-555nm
(The ILED Light Inc, Carson City, NV,
theledlight.com) that provided diffuse illumina-
tion through a circular piece of translucent white
plexiglass 4 cm in diameter (Figure 1a). The device
was mounted onto an optical bench and placed
40 cm away along the subject’s midline in primary
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Figure 1. {a) Schematic representation of CFF device (side view).
{b) Top view of CFF device and apparatus.
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