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Abstract
Traumatic brain injury (TBI) is a growing public health problem. There are 1.7 million TBI cases
diagnosed annually,1 of which 70-80% are classified as mild.2-6 TBI can result from motor vehicle
accidents, falls, assault, strike or blows to the head, biking or sports accidents 7-16 as well as blast
injuries from military conflict.17-22 The direct and indirect cost of TBI is about $60 billion1 annually,
where 44% ($26.4 billion)23 is associated with mild TBI. The military population also has a
considerable number of veterans with TBI -- the signature injury from the wars in Iraq and
Afghanistan.24, 25 An estimated 320,000 personnel (19.5% of those deployed from 2001 to 2008)
screened positive for a probable TBI, typically from blast injuries.26 The United States Department
of Defense estimates that health care cost of TBI in the first year following deployment is about
$900 million.26 Reports indicate that TBI resulting from combat in Afghanistan and Iraq will present
major diagnostic, therapeutic and economic challenges for many years to come and many believe
that the current statistics underestimate this epidemiological problem.27
It is often suggested that a diffuse injury can potentially affect many brain processes. A diffuse
compared to a focal injury makes it challenging to understand the underlying neurophysiologic
changes evoked from TBI. TBI may be associated with diffuse axonal injury (DAI), which may
occur with or without a focal blunt force to the head.28, 29 Reviews from cellular studies explain the
pathophysiological process, where trauma of acceleration / deceleration may lead to damage to the
white matter and superficial layers of the brain. This damage may then extend inward within the
brain, depending upon the extent of acceleration / deceleration forces. Initially, the injury disrupts
the cytoskeletal network and axonal membranes of white matter and the surrounding cerebral
vasculature.30-33 Secondary damage may occur due to ischemia and a cytotoxic cascade, including
altered calcium homeostasis and oxygen depletion, leading to cell death.30-33The recovery from TBI
may be determined by the severity of these secondary injuries.32, 33 Some brain regions may be more
at risk for mechanical injury during trauma than others.34 Given the presumed diffuse damage of
TBI, it is not surprising that TBI manifests in a diverse array of motor, sensory, cognitive and / or
emotional symptoms and disabilities, both short and long-term.35-39 Understanding the impaired
brain-behavior as a result of TBI may be one of the best approaches to understanding complex brain
processes.40

Over 50% of the brain is directly or indirectly involved in visual processes.41, 42 Visual dysfunctions
are routinely observed after TBI and include oculomotor dysfunctions, binocular dysfunctions,
visual field deficits, and / or reduced visual acuity.9, 16, 17, 43-47 It is estimated that a majority of TBI
patients, approximately 60%, will have visual abnormalities, namely oculomotor, binocular vision
and visual field deficits.9, 15-17, 43-47 Convergence insufficiency (CI), a type of binocular vision
dysfunction, is an eye co-ordination and alignment problem which can result in visual symptoms
when engaged in reading or performing other close work.48 CI is observed months to years postinjury, with prevalence rates ranging from 42% to 43% in civilian9, 44 and 46%17 in veteran TBI
populations. Patients with CI report an array of asthenopic symptoms, including blurred vision,
diplopia, eye strain, headaches, loss of concentration, having to reread and / or read slowly,
difficulty in remembering what was read and visual fatigue.49-51These symptoms may adversely
affect daily activities, such as schoolwork52 and employment tasks,44 as well as the overall quality of
life. Many patients participate in rehabilitation to reduce symptoms or improve visual performance;
however, the underlying neuro-physiological basis for improvement in clinical signs and symptoms
in CI patients is unknown. 53-57
The first aim of this study is to analyze the visual examination records of a large sample of TBI
patients from both in-patient and out-patient care to quantify the type and frequency of visual and
vestibular dysfunctions observed in a clinical setting. The second aim is to evaluate the prevalence
of CI within TBI patients with and without simultaneous visual and vestibular dysfunctions. The
percentage of concurrent visual and vestibular dysfunctions within the CI subgroup were compared
for statistically significant differences compared to the non-CI subgroup within the TBI sample.
This study is the first investigation to compare the CI and non-CI subgroup samples of TBI patients
undergoing comprehensive visual examinations performed by an optometrist.
Go to:

METHODS
The experimental design will be discussed in terms of the TBI population sample, the examination
methods, and the rationale for the statistical analyses.
TBI Population Sample
The data were derived from records of TBI patients evaluated by one of the authors (V.R.V.), a
licensed optometrist, who measured all clinical vision parameters for the analysis of this study. The
present TBI sample represents approximately half of all neurologically impaired patients who were
examined from January 1989 to February 2003 following referral by different neurologists. Other
patients who were excluded from this analysis had a diagnosis of cerebral vascular accidents,
multiple sclerosis, brain tumors, or progressive neurological dysfunctions. This study was approved
by the NJIT and Kessler Institute Review Boards for an exemption pursuant to the U.S. Department
of Human Health and Human Studies (HHS) article 45 CFR 46.l01(b)(4) because the study
analyzed existing data that did not contain any personal identifiers. Of the TBI patients within this
sample, 39% (N=219/557) were female and 61% (N=338/557) were male.
The in-patients with vision-based symptoms were predominantly referred from Kessler Institute of
Rehabilitation (KIR) while a smaller proportion from John F. Kennedy Medical Center (JFKMC)
and Robert Wood Johnson University Hospital (RWJUH) were also evaluated. All medical facilities
were located within the state of New Jersey, USA. All out-patients with vision-based symptoms
were evaluated in one of the author’s (V.R.V.) private practice located in Westfield, New Jersey,

USA. The severity of TBI (mild, moderate or severe) was not available within the visual
examination files. Instead, the typical Functional Independence Measurement (FIM) which is an
assessment of functional capability and routinely used in many rehabilitation settings58, 59 reported
within the last six months from the Kessler Institute was utilized to assess the average functional
capabilities of in-patients upon admission compared to discharge into out-patient care.
Examination Methods
The visual examination included the following assessments: visual acuity, accommodation,
binocular vision, visual oculomotor function, visual fields and ocular health. Visual acuity refers to
the best-corrected level for that particular eye. Far and near visual acuity was assessed using the
Snellen eye chart (Bernell BC-11931, Masawaka, IL, USA) located along midline 3 m / 10 ft and 40
cm / 16 inches away from the patient, respectively. If the patient had aphasia (acquired linguistic
problems affecting letter identification), then the LEA symbol chart with pointing to matching
symbols (Precision Vision, La Salle, IL, USA) was used to assess visual acuity. Static retinoscopy
measured the refraction of the patients. Cycloplegia was not performed because accommodation
and vergence function were assessed.
Accommodation was measured using the near point of accommodation, negative relative
accommodation, positive relative accommodation, and accommodative convergence /
accommodation (AC/A) ratio. The gradient AC/A ratio was calculated for each subject with a
plano, +1.00 D, and -1.00D lens. 60-64Dissociated phoria at far (3 m / 10 ft) and near (40 cm / 16 in)
were measured using either the alternate cover test, cover / uncover test or Maddox Rod test. To
determine the near point of convergence (NPC), a patient tracked a high-acuity visual stimulus
slowly moving inward along midline. When the patient reported diplopia or when the optometrist
observed a break in fusion, the NPC was measured as described in prior literature.65,66
Binocular vision was assessed by measuring the near point of convergence (NPC), fusional
vergence reserve, and near dissociated phoria. The vast majority of patients were diagnosed with CI
when the patient’s NPC was greater than 2.5 inches (6-7 cm) and did not meet Sheard’s criterion,
which states that the fusional vergence reserve should be at least twice the magnitude of the near
dissociated phoria (measured at 16 inches (40 cm) along midline).67 A small portion of this
population (N=37/557 or 6.6%) did not have the cognitive ability needed for the optometrist to
measure near dissociated phoria and fusional vergence reserve. For this small subset, CI was
diagnosed using the NPC and cover testing at near. Only one patient (0.2% of this sample) was
diagnosed with CI using NPC and cover testing at near. Strabismic patients with a secondary
diagnosis of CI were excluded from this analysis. The Randot Stereopsis test (Bernell VTP,
Misawaka, IN, USA) was used to assess third-degree fusion (binocular function).
Visual oculomotor function included the evaluation of smooth pursuit and saccadic eye movements.
Patients were verbally instructed to follow the light of a transilluminator and / or track a single
printed letter (5 mm2) depending upon the patient’s abilities and / or acuity limits to evaluate
smooth pursuit and saccade responses. Smooth pursuit responses were assessed as 1) movements
were smooth and accurate or 2) had one or more fixation losses. Saccadic eye movements were
assessed as 1) smooth and accurate, 2) had gross undershooting or overshooting, or 3) the subject
was unable to perform the task. 68-69, 70
Visual fields were analyzed using an optokinetic nystagmus (OKN) drum to assess the presence /
absence of visual field correlates in both horizontal directions of rotation assessing potential
asymmetries. Visual fields were assessed by confrontation analysis with single and double

simultaneous presentation of targets to evaluate for unilateral visual spatial inattention / neglect,
visual field deficits or both. In addition to confrontation testing, patients were observed for postural
alterations and gaze preferences. Single and double simultaneous presentations were administered
to all patients to differentiate those patients with: 1) unilateral spatial inattention / neglect; 2) visual
field deficits; or 3) simultaneous inattention / neglect and visual field deficits. Depending upon
patient functionality, visual fields were also assessed with a Humphrey Field Test (Carl Zeiss
Meditec, Dublin, CA, USA).
The assessment of ocular health included an evaluation of the retina, internal ocular structures,
corneal tear layer, and the pupillary response to light stimulation. The retina and internal ocular
structures were examined using dilated ophthalmoscopy. For out-patients evaluated within the
private practice, a slit-lamp evaluation of the corneal tear layer was utilized in the diagnosis of dry
eye syndrome. For in-patients who could not be assessed with a slit-lamp, a portable blue filter with
fluorescence staining was utilized for the diagnosis of dry eye syndrome. Photophobia was
diagnosed by assessing a patient’s sensitivity to direct light stimulation during pupil examination.
Vestibular dysfunction was assessed using the patient’s symptoms, including dizziness / vertigo and
other vestibular tests including electronystagmograph (ENG) and caloric testing. The diagnosis of a
vestibular dysfunction was attained from the physical therapist’s or otologist’s evaluation. In
summary, the following were examined within the TBI population in order to diagnose visual or
vestibular dysfunctions: visual acuity, accommodation, binocular vision, oculomotor function,
visual fields, ocular health, and vestibular function.
Statistical Analyses
Visual examinations from 557 TBI patients were available for analysis. Within this manuscript, CI
refers to convergence insufficiency and not the common statistical acronym of confidence interval.
The chi-squared test was used to test the null hypothesis for the attributes that were mutually
exclusive between the CI and non-CI groups. For example, the brain injury of patients was evoked
via one mechanism of injury, not multiple types. Hence, this attribute was mutually exclusive and
the chi-squared test is the appropriate test to assess statistically significant differences. The chisquared test assumes chi-squared distribution. The Z-test was used to test the null hypothesis for
patient attributes that were not mutually exclusive such as the diagnoses of visual dysfunctions
where multiple types of visual dysfunctions per patient were commonly reported. The Z-test
assumes a Gaussian or normal distribution.
The use of the Z-test was first evaluated to determine the validity of the test. For a study of normal
representation of the Z-test, one should consider the mean plus / minus three standard deviations of
count to lie between zero and the sample size. The equation 0≤np±3np(1−p)−−−−−−−−√≤n (np is
the expected number of counts for an attribute; p is the probability of a patient with the attribute;
and n is the sample size) is applied to obtain the number of samples for sufficient power. Since 557
visual examinations are available for analysis, the equation can be rewritten as:

n≥9∗p∨(1−p)p∧(1−p)=557
(1)
Solving for p, determines the smallest prevalence rate one can accurately report for the given
sample size studied. The smaller the prevalence rate, the larger the sample size needed to validate
the test. With a sample size of n = 557, equation (1) shows that the Z-test has sufficient power to

assess prevalence rates as small as 1.59% and as large as 98.41%. The use of the Chi-square tests is
also justified by a large sample size.
The TBI data were segregated into CI and non-CI subgroups. Since the mechanism of injury and
acuity levels were mutually exclusive, differences between the CI and non-CI groups were assessed
with the chi-squared test. Differences between the type of visual dysfunction within the CI and nonCI subgroups were assessed with a Z-test because these types of visual dysfunctions were not
mutually exclusive. The TBI data were also divided into in-patient and out-patient subgroups and
differences between the types of visual dysfunction were also assessed with the Z-test. P-values of
less than 0.05 were considered significant for the chi-squared tests. Since, the data for the Z-tests
were analyzed with multiple tests a Bonferroni correction for the multiplicity of tests was conducted
to avoid Type I error. There were 16 tests; hence, the p-values for statistical significance of the Ztests were reduced to p<0.05 divided by the number of tests, which is 16. Hence, when corrected for
multiplicity of tests, the significance level became p<0.003. The statistical analysis was conducted
using SAS software (SAS 9.2, SAS Institute) by a statistician, one of the co-authors (S.K.D.).
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RESULTS
The following results will be presented: facility where patients were evaluated, mechanism of injury
as a function of age, visual acuity as a function of the mechanism of injury, and the prevalence of
visual dysfunction per mechanism of injury. The mechanism of injury, visual acuity, visual
dysfunctions, and visual field loss were analyzed for the whole TBI population as well as the CI and
non-CI subgroups. Accommodative dysfunction was analyzed for the non-presbyopic subgroup.
The prevalence of visual dysfunctions was also compared between the in-patient and out-patient
subgroups.
Facility of Patient Evaluation
The facilities where the patients were evaluated are reported in Table 1. Patients were categorized
by the type of care administered. Within the TBI sample, 48.5% were in-patients while 51.5% were
out-patients. The mean age of the patients examined was 40.3 ± 17.4 with a range from 5 to 89
years of age. More than half, 56% (N=314/557) of the TBI patients, were less than forty years of
age.
Table 1
Institution, location, the number of TBI patients from the different facilities within the state of New
Jersey, USA.

Facility

Total In-patient

Number of Patients % of Subjects

270

48.5

Facility

Number of Patients % of Subjects

KIR, West Orange

156

28.0

KIR, Chester

50

9.0

KIR, Saddle Brook

15

2.7

JFKMC, Edison

44

7.9

RWJUH, New Brunswick

5

0.9

287

51.5

287

51.5

557

100.0

Total Out-patient

Private Practice, Westfield

Total
KIR = Kessler Institute of Rehabilitation;

RWJUH = Robertwood Johnson University Hospital;

JFKMC = John F Kennedy Medical Center

Mechanism of Injury as a Function of Age
All the patients within this current study have experienced a TBI, documented within their medical
records by a neurologist. There are several mechanisms of injury where the most common included
motor vehicle accidents (70.9%), falls (14.7%), a strike or blow to the head from, or against, an
object (9.2%), or sports injury (2.5%). A strike or blow to the head is consistent with the Center for
Disease Control categories for the mechanisms of injuries. A typical example would be someone
having an object, such as a tool, strike the patient’s head during an occupational activity. The other
mechanisms of injuries include gunshot, assaults or a very small percentage of unspecified TBI
(2.7%). The mechanism of injury for the CI (N=130/557) and non-CI (N=427/557) subgroups
within the TBI sample is reported in Table 2. The CI subgroup is not significantly different than the
non-CI subgroup based upon the mechanism of injury (DF = 4; χ2 = 4.4; p=0.36).
Table 2
Mechanism of injury for the whole TBI sample as well as the CI and non-CI subgroup within the
TBI sample. Data are reported in terms of the percentage of the sample, mean age, standard
deviation and age range in years.

Mechanism of Injury

All TBI %

Age

Standard Deviation of

Age Range

(N)

(yr)

Age (yr)

(yr)

Entire TBI Sample (N=557 Total Cases)

Motor Vehicle Accident (MVA)

70.9

37.2

16.2

5 to 82

(395/557)

Fall

14.7 (82/557)

54.7

19.8

16 to 89

Strike or blow to the head from or against an

9.2 (51/557)

38.5

14.9

9 to 82

object (S/B)

Mechanism of Injury

All TBI %

Age

Standard Deviation of

Age Range

(N)

(yr)

Age (yr)

(yr)

Sports Injury (SI)

2.5 (14/557)

39.4

15.5

14 to 72

Other

2.7 (15/557)

49.8

14.9

26 to 71

Total

100.0

40.3

17.4

5 to 89

(557/557)

CI subgroup within TBI (N=130 Total Cases)

Motor Vehicle Accident (MVA)

69.2 (90/130)

39.7

16.6

12 to 79

Fall

13.1 (17/130)

53.9

17.7

23 to 82

Strike or blow to the head from or against an

11.5 (15/130)

44.3

11.2

21 to 58

object

Mechanism of Injury

All TBI %

Age

Standard Deviation of

Age Range

(N)

(yr)

Age (yr)

(yr)

Sports Injury (SI)

1.5 (2/130)

35.5

6.7

35 to 40

Other

4.6 (6/130)

52.0

18.9

26 to 71

Total

100.0

46.0

16.1

12 to 82

(130/130)

Non-CI subgroup within TBI (N=427 Total Cases)

Motor Vehicle Accident (MVA)

71.4

36.4

16.2

5 to 82

(305/427)

Fall

15.2 (65/427)

55.1

20.5

16 to 89

Strike or blow to the head from or against an

8.4 (36/427)

37.6

16.2

9 to 82

object

Mechanism of Injury

All TBI %

Age

Standard Deviation of

Age Range

(N)

(yr)

Age (yr)

(yr)

Sports Injury (SI)

2.8 (12/427)

42.4

18.1

14 to 72

Other

2.1 (9/427)

45.6

13.7

27 to 67

Total

100.0

43.4

16.9

5 to 89

(427/427)
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Visual Acuity as a Function of the Mechanism of Injury
The majority of TBI patients (84.9%) has 20/60 acuity or better. Total blindness or no light
perception in either eye is observed in 0.8% (N=4/520) of the TBI sample. The following types of
refractive errors are observed in the TBI population: myopia (17.8%), simple myopic astigmatism
(5.7%), compound myopic astigmatism (22.6%), hyperopia (19.4%), simple hyperopic astigmatism
(0.7%), compound hyperopic astigmatism (24.2%), and mixed astigmatism (2.5%). The remaining
7.2% are categorized as having emmetropia. Table 3 summarizes the visual acuity of patients from
the entire TBI sample, the CI subgroup and the non-CI subgroup within the TBI sample. Visual
acuities are not available for 37 patients within the TBI sample (one patient in the CI subgroup and
36 patients in the non-CI subgroup) due to the patients’ inabilities to respond informatively. Visual
acuity loss of 20/70 or worse is observed in 9.0% (N=47/520) of the TBI sample, in 10.1%
(N=13/129) of the CI subgroup, and in 8.7% (N=34/391) of the non-CI subgroup. The chi-squared
test reports no significant differences in visual acuity comparing the CI to the non-CI subgroups
(DF=3; χ2=4.5; p=0.21, but 38% of the cells have expected counts less than 5). Hence, data were
categorized without the stratification of the mechanism of injury and the following types of visual
acuity were re-examined: 20/60 or better, 20/70 to 20/100, and no light perception or below 20/100.
Chi-squared analysis still revealed no significant differences in visual acuity between CI to the nonCI subgroups (DF=2; χ2=3.6; p=0.17) where cell counts were all greater than 5 observations.
Table 3

Visual acuity in terms of mechanism of injury for the entire TBI sample as well as the CI and nonCI subgroup within the TBI sample. Data are reported in terms of the percentage of the sample with
the number of patients.

Visual Acuity/ Impairment

MVA

Fall

S/B

SI

Other

Total

TBI % (N of 557 Total Cases)

20/60 or better

60.9 (339) 12.4 (69) 7.0 (39) 2.0 (11) 2.7 (15) 84.9 (473)

20/70-20/100

5.2 (12)

0.4 (2)

0.2 (1)

0.0 (0)

0.2 (1)

2.9 (16)

Less than 20/100

2.9 (16)

0.7 (4)

1.1 (6)

0.2 (1)

0.0 (0)

4.8 (27)

No Light Perception

0.2 (1)

0.2 (1)

0.4 (2)

0 (0)

0.0 (0)

0.7 (4)

Unavailable Due to Patient Inability to Respond

4.9 (27)

1.1 (6)

0.4 (2)

0.4 (2)

0.0 (0)

6.6 (37)

CI subgroup within TBI % (N of 130 Total Cases)

20/60 or better

61.5 (80)

13.1 (17) 9.2 (12)

1.5 (2)

3.8 (5)

89.2 (116)

Visual Acuity/ Impairment

MVA

Fall

S/B

SI

Other

Total

20/70-20/100

3.8 (5)

0.0 (0)

0.8 (1)

0.0 (0)

0.8 (1)

5.4 (7)

Less than 20/100

3.1 (4)

0.0 (0)

1.5 (2)

0.0 (0)

0.0 (0)

4.6 (6)

No Light Perception

0.0 (0)

0.0 (0)

0.0 (0)

0.0 (0)

0.0 (0)

0 (0)

Unavailable Due to Patient Inability to Respond

0.8 (1)

0.0 (0)

0.0 (0)

0.0 (0)

0.0 (0)

0.8 (1)

Non-CI subgroup within TBI % (N of 427 Total Cases)

20/60 or better

60.7 (259) 12.2 (52) 6.3 (27)

2.1 (9)

2.3 (10) 83.6 (357)

20/70-20/100

1.6 (7)

0.5 (2)

0.0 (0)

0.0 (0)

0.0 (0)

2.1 (9)

Less than 20/100

2.8 (12)

0.9 (4)

0.9 (4)

0.2 (1)

0.0 (0)

4.9 (21)

No Light Perception

0.2 (1)

0.2 (1)

0.5 (2)

0.0 (0)

0.0 (0)

0.9 (4)

Visual Acuity/ Impairment

MVA

Fall

S/B

SI

Other

Total

Unavailable Due to Patient Inability to Respond

6.1 (26)

1.4 (6)

0.5 (2)

0.5 (2)

0.0 (0)

8.4 (36)

Open in a separate window
MVA = Motor Vehicle Accident;
S/B = Strike or blow to the head from or against an object;
SI = Sports Injury.

Prevalence of Visual Dysfunction for the Entire TBI Population, CI and non-CI Subgroups
Table 4 summarizes the visual dysfunctions within the whole TBI sample per mechanism of injury.
CI was one of the most common visual dysfunctions observed within TBI (23.3%, N=130/557). The
CI subgroup was analyzed to determine the prevalence of simultaneous visual dysfunctions within
this group. Approximately 9.2% (N=51/557) of this entire sample TBI population or 39.2%
(N=51/130) of the CI subgroup within this TBI sample were diagnosed with CI without the
following simultaneous diagnoses: saccade or pursuit dysfunction; 3rd, 4th, or 6th nerve palsy; visual
field deficit; visual spatial inattention / neglect; nystagmus; or vestibular dysfunction, as shown
in Figure 1.

Open in a separate window
Figure 1
Visual dysfunctions within the TBI sample (plot A, medium gray) and the CI subgroup (plot B, light gray)
and non-CI subgroup (plot B, dark gray) within the TBI sample. Visual dysfunctions are abbreviated as
follows: convergence insufficiency (CI), saccadic and pursuit dysfunction (S/PD), 3rd nerve palsy (3rd NP),
4th nerve palsy (4th NP), 6th nerve palsy (6th NP), photophobia (P-P), visual spatial inattention / neglect
(VSIN), visual field deficit (VFD), nystagmus (Nyst) and vestibular dysfunction (VestD).

Table 4
Visual dysfunctions within the TBI sample as well as the CI and non-CI subgroup within TBI
sample. Data are reported in terms of the percentage of the sample with the number of patients.

Visual Dysfunctions

MVA

Fall

S/B

SI

Other

Total (N=557)

TBI% (N of 557 Total Cases)

Convergence Insufficiency

16.2 (90) 3.1 (17) 2.7 (15) 0.4 (2) 1.1 (6)

23.3 (130)

Saccadic / Pursuit Dysfunction

5.0 (28)

1.6 (9)

0.7 (4)

0.2 (1) 0.0 (0)

7.5 (42)

Nystagmus

3.1 (17)

0.5 (3)

0.0 (0)

0.2 (1) 0.2 (1)

3.9 (22)

3rd Nerve Palsy

4.3 (24)

0.9 (5)

0.2 (1)

0.4 (2) 0.2 (1)

5.9 (33)

4th Nerve Palsy

7.7 (43)

1.4 (8)

0.4 (2)

0.4 (2) 0.2 (1)

10.1 (56)

6th Nerve Palsy

2.7 (15)

1.3 (7)

0.4 (2)

0.0 (0) 0.0 (0)

4.3 (24)

Visual Dysfunctions

MVA

Fall

S/B

Photophobia

8.1 (45)

0.7 (4)

0.7 (4)

0.4 (2) 0.2 (1)

10.1 (56)

Dry Eye Syndrome

5.9 (33)

2.3 (13) 1.8 (10) 0.0 (0) 0.4 (2)

10.4 (58)

Vestibular Dysfunction

11.6 (65)

0.7 (4)

13.8 (77)

1.1 (6)

SI

Other

Total (N=557)

0.4 (2) 0.0 (0)

CI subgroup within TBI % (N of 130 Total Cases)

Saccadic / Pursuit Dysfunction

3.8 (5)

0.0 (0)

0.0 (0)

0.0 (0) 0.0 (0)

3.8 (5)

Nystagmus

4.6 (6)

0.8 (1)

0.0 (0)

0.8 (1) 0.0 (0)

6.2 (8)

3rd Nerve Palsy

0.8 (1)

0.0 (0)

0.0 (0)

0.0 (0) 0.0 (0)

0.8 (1)

4th Nerve Palsy

3.8 (5)

0.8 (1)

0.0 (0)

0.0 (0) 0.0 (0)

4.6 (6)

6th Nerve Palsy

0.8 (1)

0.8 (1)

0.0 (0)

0.0 (0) 0.0 (0)

1.5 (2)

Visual Dysfunctions

MVA

Fall

S/B

SI

Other

Total (N=557)

Photophobia

14.6 (19)

0.8 (1)

0.0 (0)

0.0 (0) 0.0 (0)

15.4 (20)

Dry Eye Syndrome

8.5 (11)

1.5 (2)

0.0 (0)

0.0 (0) 0.0 (0)

10 (13)

Vestibular Dysfunction

16.2 (21)

0.8 (1)

1.5 (2)

0.0 (0) 0.0 (0)

18.5 (24)

Non-CI subgroup within TBI % (N of 427 Total Cases)

Saccadic / Pursuit Dysfunction

5.4 (23)

2.1 (9)

0.9 (4)

0.2 (1) 0.0 (0)

8.7 (37)

Nystagmus

2.6(11)

0.5 (2)

0.0 (0)

0.0 (0) 0.2 (1)

3.3 (14)

3rd Nerve Palsy

5.4 (23)

1.2 (5)

0.2 (1)

0.5 (2) 0.2 (1)

7.5 (32)

4th Nerve Palsy

9.0 (38)

1.6 (7)

0.5 (2)

0.5 (2) 0.2 (1)

11.7 (50)

6th Nerve Palsy

3.3 (14)

1.4 (6)

0.5 (2)

0.0 (0) 0.0 (0)

5.2 (22)

Visual Dysfunctions

MVA

Fall

S/B

Photophobia

6.1 (26)

0.7 (3)

0.9 (4)

0.5 (2) 0.2 (1)

8.4 (36)

Dry Eye Syndrome

5.2 (22)

2.6 (11) 2.3 (10) 0.0 (0) 0.5 (2)

10.5 (45)

Vestibular Dysfunction

10.3 (44)

0.7 (3)

12.4 (53)

0.9 (4)

SI

Other

0.5 (2) 0.0 (0)

Total (N=557)

Open in a separate window
MVA = Motor Vehicle Accident; S/B =strike or blow to the head from or against an object; SI = Sports Injury

Figure 1 summarizes the prevalence of visual dysfunctions commonly observed within this TBI
patient sample (plot A) and within the CI and non-CI subgroups of the TBI sample (plot B). The CI
and non-CI subgroups within the TBI sample in terms of the type of visual dysfunction per
mechanism of injury are summarized in Table 4. Since the chi-squared test did not show significant
differences in the mechanism of injury between the CI and non-CI subgroups, data were not
stratified per the mechanism of injury. The CI and non-CI subgroups were compared using Z-tests
for each type of visual dysfunction. A greater prevalence of 3rd nerve palsy (|z|=2.84; p=0.005),
4th nerve palsy (|z|=2.36; p=0.02) and 6th nerve palsy (|z|=1.78; p=0.08) was observed within the
non-CI compared to the CI group; however, these differences were not significant after a
Bonferroni correction for multiple comparison (p<0.003) to avoid Type I family errors. Conversely,
a greater prevalence of photophobia (|z|=2.31; p=0.02), saccadic and pursuit dysfunction
(|z|=1.82; p=0.07), nystagmus (|z|=1.47; p=0.14), and vestibular dysfunction (|z|=1.75; p=0.08) were
observed in the CI group compared to the non-CI group, but the differences were not statistically
significant.
Visual field data were summarized in Table 5. Field deficits were delineated as right or left
homonymous hemianopsia or quadrantopsia. Visual field deficits were observed in 14.2%
(N=79/557) and visual spatial inattention / neglect was observed in 8.1% (N=45/557) of the TBI
patients. Significant differences in visual field deficits (|z|=1.85; p=0.06) and unilateral visualspatial inattention / neglect (|z|=0.92; p=0.36) were not observed between the CI and non-CI
subgroups.
Table 5
Visual field deficits and unilateral visual-spatial inattention / neglect for the TBI sample, the CI
subgroup and Non-CI subgroup within the TBI sample. Data are reported in terms of the percentage
of the sample with the number of patients.

Visual Field Deficits

TBI % (N

CI Subgroup within TBI

Non-CI Subgroup within

of 557)

% (N of 130)

TBI % (N of 427)

Right Homonymous Hemianopsia

3.8 (21)

0.8 (1)

4.7 (20)

Left Homonymous Hemianopsia

4.3 (24)

3.9 (5)

4.4 (19)

Quadrantopsia

6.1 (34)

4.6 (6)

6.6 (28)

Total

14.2 (79)

9.2 (12)

15.7 (67)

Unilateral Visual-Spatial Inattention /
Neglect

TBI % (N of

CI Subgroup within TBI %

Non-CI Subgroup within TBI

557)

(N of 130)

% (N of 427)

Visual Field Deficits

Right Unilateral Visual-Spatial

TBI % (N

CI Subgroup within TBI

Non-CI Subgroup within

of 557)

% (N of 130)

TBI % (N of 427)

2.2 (12)

3.1 (4)

1.9 (8)

5.9 (33)

6.9 (9)

5.6 (24)

8.1 (45)

10.0 (13)

7.5 (32)

Inattention/Neglect

Left Unilateral Visual-Spatial
Inattention/Neglect

Total

The prevalence of accommodative dysfunction was evaluated for the non-presbyopic TBI sample
where 24.2% (N=76/314) of the TBI sample, 31.1% (N=19/61) of the CI subgroup, and 22.5%
(57/253) of the non-CI subgroup were diagnosed with accommodative dysfunction. There were no
significant differences observed in the prevalence of accommodative dysfunction between the CI
and non-CI non-presbyopic samples (|z|=1.41; p=0.16).
Prevalence of Vision Dysfunction within the In-Patient compared to Out-Patient Subgroups
TBI patients tested while hospitalized (in-patient; N=270/557) were compared to the TBI patients
tested in the out-patient setting (out-patient; N=287/557), summarized within Table 6. The
prevalence of CI, saccadic / pursuit dysfunction, nystagmus, 3rd and 4th nerve palsy, dry eye
syndrome, and accommodation dysfunction were not significantly different between the in-patient
versus out-patient subgroups, corrected for multiple comparisons (p>0.003). A significantly greater
prevalence of 6th nerve palsy (|z|=3.08; p=0.002), unilateral visual-spatial inattention / neglect
(|z|=4.41; p<0.0001), and visual field deficit (|z|=3.57; p<0.001) were observed within the in-patient
subgroup compared to the out-patient subgroup. The prevalence of photophobia was greater within
the out-patient compared to in-patient subgroup but was not considered significant after correcting
for multiple comparisons (|z|=2.06; p=0.04).

Table 6
Visual dysfunctions within in-patient (left column) and out-patient (right column) subgroups. Data
are reported in terms of the percentage of the sample with the number of patients.

Visual Dysfunctions

In-Patient % (N=270) Out-Patient % (N=287)

Convergence Insufficiency

23.3 (63)

23.3 (67)

Saccadic / Pursuit Dysfunction

8.5 (23)

6.6 (19)

Nystagmus

3.7 (10)

4.2 (12)

3rd Nerve Palsy

7.0 (19)

4.9 (14)

4th Nerve Palsy

10.4 (28)

9.8 (28)

6th Nerve Palsy

7.0 (19)

1.7 (5)

Dry Eye Syndrome

11.9 (32)

9.1 (26)

Photophobia

7.0 (19)

12.2 (35)

Visual Dysfunctions

In-Patient % (N=270) Out-Patient % (N=287)

Unilateral Visual-Spatial Inattention/Neglect

13.3 (36)

3.1 (9)

Visual Field Deficit

19.6 (53)

9.1 (26)

Accommodation Dysfunction in Non-Presbyopic Sample

In-Patient % (N=136) Out-Patient % (N=178)

Accommodation Dysfunction

27.2 (37)

21.9 (39)
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DISCUSSION
Primary Finding
The primary finding of the study was that 9.2% of the CI patients within this TBI sample were
observed without the following simultaneous diagnoses: saccade or pursuit dysfunction; 3rd, 4th, or
6th nerve palsy; visual field deficit; visual spatial inattention / neglect; nystagmus; or vestibular
dysfunction within a visually symptomatic TBI population. The analyzes presented investigate
important visual examination attributes to consider when designing future randomized clinical trials
of CI to estimate recruitment efforts and conduct power analyses while reducing the number of
potentially confounding variables. One other potentially confounding variable within CI is attention
disorders. Granet and colleagues report a high co-morbidity of attention deficit hyperactivity

disorder (ADHD) with CI.71 Difficulty with attention is a common cognitive complaint in TBI
patients.35-39 Attention was not evaluated within this dataset and is a study limitation.
Comparison of the Current Findings to other Literature
The present study will be compared to prior TBI literature in terms of: the mechanism of injury,
visual dysfunctions specifically of in-patient compared to out-patient subgroups and the prevalence
of the visual dysfunctions within non-stratified TBI populations. The specific visual dysfunctions
that were compared to previous investigations of civilian and veteran TBI populations were: CI,
accommodative dysfunction, saccades or smooth pursuit dysfunction, cranial nerve palsies, visual
acuity, and visual field loss.
Mechanism of Injury
These data demonstrate that motor vehicle accidents (MVA) were the primary mechanism of injury
in the present study, followed by falls. These data are in agreement with the latest Center for
Disease Control report which states that MVA, falls and assaults are the most common causes of
TBI within the civilian population.1
In-Patient Compared to Out-Patient Subgroups
Patients can be categorized into numerous severity groups and stratified by TBI-related, functional,
and other recovery-related variables. Examples include the type of care administered, burden of
disability, disease factors, length of time since injury, severity of injury, or economic means to
attain proper treatment where these factors may affect the incidence and complexity of visual
disorders after TBI. In future, prospective studies, these categories should be studied in an
unselected TBI population from numerous clinical sites and observed by several clinicians to
evaluate their relationship with TBI-related CI. For the current study, patients were categorized by
the offsetting in which TBI care was being administered (in-patient compared to out-patient) since
severity of injury was not available.
Although the severity of injury was not available within the examination files, a Functional
Independence Measurement (FIM) was assessed on all TBI patients from the Kessler Institute (82%
of the TBI in-patient population). The FIM is an 18-item, 7-level scale to evaluate the severity of
patient disability and medical rehabilitation functional outcome.72 A literature review using a metaanalysis reports that when assessing the average interclass correlation coefficient (ICC), the total
FIM has a median interrater reliability of 0.95 and concludes the FIM is reliable when used by
trained in-patient medical rehabilitation clinicians.73 A FIM was assessed on Kessler patients before
admittance as well as upon discharge from in-patient care. The visual function assessment for inpatients was measured two to three weeks post acute care within the in-patient rehabilitation
facilities, which is consistent with the TBI Model Systems practice.74,75 At the Kessler Institute,
during the last two quarters of 2011, the average total FIM upon TBI rehabilitation admission was
43.3 and the average total FIM upon TBI rehabilitation discharge was 70.6. These recent results are
typical for the TBI population routinely observed at the Kessler Institute. The FIM scores from the
Kessler TBI population were lower compared to another study76 and to the reported total FIM from
all sixteen sites within the TBI Model Systems Database (52 for rehabilitation admission, N=9861;
92 for rehabilitation discharge, N=9781).74 These data suggest that TBI in-patients from Kessler on
average may be more severely affected, with pathology in the moderate-severe rather than mild TBI
range.

Lower average FIM scores are observed within the in-patient population, compared to the average
FIM upon discharge, or out-patient population. There was a significantly greater prevalence of
6th nerve palsy, unilateral visual-spatial inattention / neglect, and visual field deficits within the inpatient compared to out-patient population of this present study. Such significant decreases in visual
dysfunction in the out-patient population may be related to patients demonstrating some natural
resolution of visual problems over time as the brain injury is healing.
Convergence Insufficiency (CI)
These data report that 23.3% (N=130/557) of the TBI sample was diagnosed with CI. These results
are less than the frequency reported by Ciuffreda et al. (42.5%; N=160), Cohen et al. (42%; N=72),
and Brahm et al. (46.4%; N=183).9, 17, 44 In addition, convergence dysfunction was reported in 46%
(N=62)20 and 30.4% (N=46)19, while convergence disorder was present in 28% (N=36) of a military
population in a VA Polytrauma Network Site.77 The prevalence rate of this study may be lower due
to differences in the diagnosis of CI between studies. For example, the prevalence of CI from the
general population without a history of head trauma has a reported variance of 3.5% to 8%. 78-81 A
portion of the variance is presumed to be attributed to the definition used for the diagnosis, where
some clinicians use only NPC and others use NPC, phoria, fusional range, and / or symptoms. The
recent randomized clinical trial called the Convergence Insufficiency Treatment Trial (CITT)
defines CI as an NPC of 6 cm or greater, a convergence insufficiency symptom survey (CISS) score
greater than 16 for children or 21 for adults, and an exophoria at near with at least 4 prism diopters
greater than the distance phoria. 50, 51, 82, 83 Within the TBI literature, Brahm et al. defined CI as an
NPC greater than 7 cm.17 The definition used in the current analysis to diagnose CI included NPC
and a failure to meet Sheard’s criterion, which is more stringent than prior investigations and may
potentially lead to a lower prevalence rate. In addition, Cohen et al. studied a sample of severe TBI
patients44 which implies CI may be more commonly observed in a TBI population with more severe
injuries.
Accommodative Dysfunction
Within these present data, accommodative dysfunction was observed in 24.2% (N=76/314) of the
non-presbyopic TBI population (patients who were 40 years of age or younger) and 31.1%
(N=19/61) of the non-presbyopic CI subgroup. The results of the present study are less than the
prevalence of accommodation dysfunction reported by Ciuffreda et al. (41.1% N=51)9 and
Stelmack et al.(47% N=36)77 and similar to those reported by Goodrich et al. (21.7% N= 46)19 and
Lew et al. (21% N=62).20 Future prospective studies should striate accommodative dysfunctions
into accommodative insufficiency, excess and infacility. This information was not available within
the current dataset and is a limitation of the study.
Saccades and/or Pursuit Dysfunction
Within this dataset, the frequency of saccade and / or pursuit dysfunction within the TBI sample
was 7.5%. The results of this dataset were similar to those reported by Stelmack et al. who studied
veterans with TBI (6.0%)77 but greater than those reported by Goodrich et al.who studied a combat
injured TBI patient population (0.9%).19 Similar to this current study, both Brahm et al. and
Goodrich et al. subjectively assessed saccades for accuracy and speed and assessed pursuit
movements for accuracy and smoothness.17, 19
Cranial Nerve Palsies

Ciuffreda et al. report a similar frequency of third cranial nerve palsy (6.9%) compared to this
analysis (5.9%).10 Third cranial nerve palsy is commonly reported after motor vehicle accidents.8487
In addition, the literature reports that third, fourth and sixth cranial nerve palsies are associated
with severe head injuries.88
Visual Acuity
Visual acuity was normal or near to normal in 84.9% of this TBI patient sample, and were not
significantly different between the CI and non-CI subgroups. Other studies report that visual acuity
loss was more common in patients who sustained greater level of injury resulting in moderate or
severe TBI.17Given the prevalence of other vision dysfunctions, these data imply that visual acuity
alone, one of the basic elements of vision assessment, is not an adequate representation of visual
function for the TBI population.
Visual Fields
This study reports 20.1% (N=112/557) of the TBI patient sample had visual field defects classified
as visual spatial inattention / deficit or field loss, or both. The in-patient visual examinations
revealed that 29.6% (N=80/270) of the patients had visual field defects. The results are similar to
the Brahm et al. study which reports 32.2% of in-patients (N=19/59), and to the Suchoff et
al. study, which reports 38.8% of TBI patients, (N=62/160) had field loss. 15, 17 Suchoff et al. did not
stratify their TBI sample in terms of type of administered care.15 When analyzing the out-patient
data, 11.1% (N=32/287) had visual spatial inattention / deficit or field loss, or both, which is
comparable to Brahm et al. who report a prevalence of 3.2% (N=4/124) within their out-patient
population.17 Within the civilian population analyzed, significantly greater prevalence of visual field
defects were observed in the in-patient, compared to the out-patient, populations, which may be
related to the severity of TBI-related deficits during the acute, in-hospital period of TBI recovery. A
similar finding is reported by Brahm et al. when studying a military population.17 These data
support that visual field deficits are common within the TBI population. Hence, visual field
assessment is recommended to be evaluated in all TBI patients, because visual field defects are
known to have adverse effects on the functions of activities of daily living and mobility. 89-91
Study Limitations
The Glascow Coma Scale (GCS), type and severity of TBI, as well as the time since injury, were
not available for this present investigation and are limitations of the current study. A prospective
analysis of vision dysfunction from a group of clinicians of the general, unselected TBI population
of patients, not just those patients referred for a visual examination based upon a visual screening
test, is suggested for future studies. It is suggested that the visual dysfunction, visual symptoms, and
location of injury be analyzed as a function of TBI severity and time since the insult. Such an
analysis may reveal which measured visual parameters and symptoms correlate to the severity and
type of injury, as well as how visual indexes may change as a function of the time since the injury.
Since the TBI population analyzed was visually symptomatic, the percentages reported may be
greater than those occurring in an unselected group of TBI patients. However, visual-based
symptoms post-TBI are common. A recent survey-based analysis of 12,521 unselected veterans
returning from Operation Enduring Freedom and Operation Iraqi Freedom reports 44.5% had visual
impairment based upon self-reporting symptoms.92 This large study analysis is a subjective survey
and not a study of visual examinations performed by eye care professionals but it supports that
vision complaints are common post TBI from combat related injuries.

Despite these limitations, the data analyzed within this present study support that vision and
vestibular dysfunctions are common within the TBI population. Hence, a thorough visual and
vestibular examination is suggested for TBI patients.
Go to:

CONCLUSIONS
Approximately 9% of this TBI sample population had CI without the following simultaneous
diagnoses: saccade or pursuit dysfunction; 3rd, 4th, or 6th nerve palsy; visual field deficit; visual
spatial inattention / neglect; nystagmus or vestibular dysfunction. This information is needed to
conduct an accurate power analysis for randomized clinical trials studying those with CI and TBI. A
thorough visual functional examination for TBI patients is recommended since visual dysfunctions
post TBI are common. In addition, TBI can impair the ability to report symptoms such as visual
disturbance; hence vision dysfunction may be present while the patient is unaware or unable to
report visual symptoms. Since many of the patients in this study may have been evaluated because
they reported symptoms, it is also important to examine how frequently CI and other visual
dysfunctions occur in an unselected prospective TBI patient group, especially in those who do not
report visual problems. Future studies should also include quantitative measurements such as eye
movement analyses coupled with functional MRI and diffusion tensor imaging to expose the
underlying neural damage evoked via TBI.
Go to:
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