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Vision impairment is common in the first year after traumatic brain injury (TBI), including among service

members whose brain injuries occurred during deployment in Iraq and Afghanistan. Occupational therapy

practitioners provide routine vision screening to inform treatment planning and referral to vision specialists,

but existing methods are lacking because many tests were developed for children and do not screen for vision

dysfunction typical of TBI. An expert panel was charged with specifying the composition of a vision screening

protocol for servicemembers with TBI. A modified nominal group technique fostered discussion and objective

determinations of consensus. After considering 29 vision tests, the panel recommended a nine-test vision

screening that examines functional performance, self-reported problems, far–near acuity, reading, accom-

modation, convergence, eye alignment and binocular vision, saccades, pursuits, and visual fields. Research

is needed to develop reliable, valid, and clinically feasible vision screening protocols to identify TBI-related

vision disorders in adults.
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Vision impairment is common in the first year after traumatic brain injury

(TBI; Goodrich, Flyg, Kirby, Chang, & Martinsen, 2013; Greenwald,

Kapoor, & Singh, 2012), including among servicemembers whose brain

injuries occurred during combat deployments in Iraq and Afghanistan (Bulson,

Jun, & Hayes, 2012; Capó-Aponte, Urosevich, Temme, Tarbett, & Sanghera,

2012; Lew et al., 2011). Explosive blasts, common in these wars, cause TBI

when a servicemember is thrown or struck by shrapnel or when blast waves

cause atmospheric pressure changes that displace the brain and impact the skull

(Goodrich et al., 2013). Patients with mild, moderate, and severe TBI may

experience problems with accommodation, convergence, visual–vestibular inter-

actions, visual field integrity, light–dark adaptation, and vision-related fatigue

(Bulson et al., 2012; Goodrich et al., 2013; Greenwald et al., 2012). These

problems interfere with patients’ ability to read, perform an array of everyday

activities, and fully participate in their rehabilitation; the problems may also

exacerbate cognitive dysfunction (Greenwald et al., 2012; Lew et al., 2009).

Because of the prevalence of vision-related problems after TBI and their

consequences for functional performance, experts recommend screening for

vision deficits early in patients’ recovery (Greenwald et al., 2012). The Veterans

Health Administration (VHA; 2008) published a directive specifying that all

patients with a diagnosis of TBI who are admitted to a polytrauma rehabilitation

center have a TBI-specific ocular health and visual functioning examination

performed by an optometrist or ophthalmologist.
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As members of the interdisciplinary team who address

functional vision problems (Berger, 2013; Weisser-Pike,

2014), occupational therapy practitioners routinely screen

patients’ basic visual functions. Occupational therapy

TBI vision screenings typically include acuity, visual

field deficits, oculomotor skills, and visual attention and

scanning. Results inform treatment planning and referrals

to vision specialists (Cate & Richards, 2000; Radomski,

Davidson, Voydetich, & Erickson, 2009; Weisser-Pike,

2014). Despite agreement regarding the importance of

routine screening for vision impairment, no standards

exist for the composition of vision screens administered

by occupational therapy practitioners to adults with TBI.

Moreover, many components of existing occupational

therapy vision screens have not been standardized on

adults, much less adults with neurological problems,

making it difficult for novice clinicians to determine

what constitutes better, if not best, assessment practices

for this population.

As part of an effort to develop guidance for military

clinicians who are providing occupational therapy to

servicemembers with mild TBI, a consensus panel was

convened and charged with evaluating existing vision tests

and proposing the composition of a clinically feasible and

psychometrically optimal occupational therapy vision

screen for servicemembers with TBI. The panel comprised

occupational therapists and optometrists with expertise in

assessing vision deficits in servicemembers with TBI.

Method

Participants

Nine experts agreed to participate on the panel, including

2 optometrists (1 from the U.S. Department of Defense

[DoD], 1 civilian) and 7 occupational therapists (2 from

DoD, 2 from the VHA, and 3 civilians). The consensus

process was planned and facilitated by an occupational

therapist–researcher and health services researcher, who

were familiar with but not expert on the topic.

Procedures

In advance of the 2-day meeting, panel members were invited

to recommend vision tests for consideration in each of the

domains of interest (symptom self-reports, visual acuity, visual

fields, oculomotor function, photosensitivity, functional per-

formance). Background information on the compiled list of

tests was sent to panel members for review before the meeting.

Panel members established parameters and inclusion criteria

for the proposed vision screen before deciding which of the

specific test options to include (Table 1). They determined

that the purpose of the screen was to help generalist occu-

pational therapy practitioners better understand vision-related

factors that might be influencing patients’ occupational per-

formance and to ensure that patients with suspected vision

dysfunction from mild to moderate TBI are referred to

optometrists or ophthalmologists for complete vision

examinations.

Table 1. Selection Criteria for Occupational Therapy Vision Screening for Adults With Traumatic Brain Injury

Requirement Category Specific Criteria

Occupational therapy relevant

Alignment with philosophy and
scope of practice

Screen or assessment of body structures and functions to better understand factors driving occupational
performance and make appropriate referrals

Requires skilled services of an
occupational therapy practitioner

Requires skilled services of an occupational therapist to administer and interpret the results of assessment
methods (standardized, nonstandardized) and infer implications of findings for occupational functioning

Evidence based

Factors related to typical vision
problems after TBI

Acuity: distance
Acuity: near (for reading competence only)
Binocular vision
Eye alignment
Eye movement problems: saccades, pursuits
Convergence
Accommodation
Visual fields

Populations on which it has
been studied

Prefer adults with TBI

Psychometric properties Prefer tools with established reliability and validity for adults with TBI

Administrative

Cost of materials, equipment,
and supplies

$300–$900

Time to administer 5–20 min

Training requirements for clinicians Site leads receive in-person training; generalists trained by site leads in a session of £2 hr

Note. TBI 5 traumatic brain injury.
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Amodified nominal group technique was used to arrive

at consensus regarding the composition of the occupational

therapy TBI vision screen. This technique, devised by

Delbecq and VandeVen (1971), incorporates small group

discussion via brainstorming, collection of ideas, responses

by group members to these ideas, and then anonymous

scoring by individual members. Panel members were split

into two balanced teams on the basis of military and dis-

cipline background. During each of two breakout sessions

on Day 1, the teams discussed a subset of vision tests and

developed preliminary inclusion recommendations.

After each breakout session, the groups presented their

inclusion recommendations and rationale. When the full-

group discussion was complete, panelists anonymously

scored the test options within each vision domain on the

basis of the options’ alignment with the established se-

lection criteria. A report was then generated describing

the mean item scores. A second round of scoring occurred

when a minimum mean item score was not attained

within a vision domain. We chose the nominal group

technique as the basis of our consensus effort because it

fostered exchange of opinions among multiple stake-

holders in a nonthreatening environment, balanced in-

dividual opinions, and prioritization of ideas through

a democratic method (Sample, 1984). A technique sim-

ilar to the one used was later reported (Davies et al.,

2011) and was found to be effective in narrowing rating

distributions.

Scoring Methods and Statistical Analysis

Panel members scored each item (vision test) for inclusion

using a scale ranging from 0 (definitely not include) to

10 (definitely include). A weighted mean was calculated

(4 times the sum of mean, minimum, and maximum

scores, divided by 6). This method accounted for possibly

strong opinions at the outside margins that could move

the mean significantly in either direction. The panel de-

cided to use a weighted item score of 8.0 as the minimum

value for inclusion of an item in the occupational therapy

TBI vision screen and its operational definition of con-

sensus. If multiple tests within a given vision domain met

minimum criteria, the item with the highest score would

be selected. It was agreed that further discussion was

possible if a test met criteria but members had concerns

about its inclusion or exclusion because of an extreme

score at either end of the range.

Results

After one round of scoring, the panel achieved consensus

on 8 of the 29 possible test inclusions and approaches (see

Table 2). During Round 1, the panel came to agreement

that some type of reading test should be administered to

ensure that patients have adequate near acuity to fully

participate in other types of testing (e.g., cognitive as-

sessment) but did not specify which one. Table 3 sum-

marizes the results of the second round of scoring, which

occurred after further discussion regarding domains and

tests for which consensus was not achieved in Round 1.

The Eye Alignment Test (Scheiman, 2011) and Adult

Developmental Eye Movement Test (A–DEM; Garzia,

Richman, Nicholson, & Gaines, 1990; Sampedro, Richman,

& Pardo, 2003) for saccades were selected after additional

discussion even though they did not meet minimum

weighted score criteria. The panel was split regarding

which reading card to use to screen near acuity. Given

both lack of consensus and the need to meet minimum

weighted item score criteria, the panel decided to include

the reading card on the back of the Chronister Pocket

Acuity Chart (Gulden Ophthalmics, Elkins Park, PA;

Scheiman, 2011), which received the highest score, and

evaluate its utility at a later date. Because no screen was

identified for photosensitivity, the panel decided to add

a self-report question (to be drafted at a later date) to the

College of Optometrists in Vision Development Quality

of Life Outcomes Assessment (Daugherty, Frantz, Allison,

& Gabriel, 2007).

Table 4 shows the resulting recommendations re-

garding the composition of a “better practice” occupational

therapy TBI vision screen. Panel members emphasized

the importance of observing functional performance

and administering specific vision tests. The estimated

time to administer this screen is 10–23 min, and the

estimated cost of materials is $235 (both dimensions

meeting the criteria earlier specified by the panel). Panel

members voted and ultimately agreed on the sequence

as listed.

Discussion

Many soldiers and veterans who sustain TBI are at risk for

vision dysfunction; an estimated 50%–75% of veterans

with TBI complain of vision symptoms (Bulson et al.,

2012; Stelmack, Frith, Van Koevering, Rinne, & Stelmack,

2009) such as blurred vision, photosensitivity, and ac-

commodative problems (Bulson et al., 2012). Similar

TBI sequelae have been documented among civilians

(Ciuffreda et al., 2007; Suchoff, Kapoor, Waxman, &

Ference, 1999). The prevalence of these problems and

their negative impact on functioning (Ciuffreda, Suchoff,

Kapoor, Jackowski, & Wainapel, 2001; Suchoff, Kapoor,

& Ciuffreda, 2001; Wainapel, 1995) underscore the need
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for robust vision screening to ensure that adults with TBI

receive needed medical and rehabilitative care.

Currently available vision screening protocols have

limitations. Traditionally, vision screening has been re-

served for the pediatric population because of the belief

that undetected vision problems could interfere with ac-

ademic performance or lead to amblyopia and loss of

vision. Research on pediatric vision screens and the de-

velopment of normative data has assumed greater priority

because presumably, adults can self-identify vision-related

problems and seek appropriate care. In addition, many

existing vision screening protocols focus primarily on

distance visual acuity and are not designed to screen for

most prevalent TBI-related vision problems (i.e., binoc-

ular vision, accommodation, eye movements, and visual

field disorders). Research is urgently needed to specify

a reliable, valid, norm-referenced, and clinically feasible

occupational therapy vision screen for adults with TBI.

Until this best practice vision screen is available, occu-

pational therapy practitioners are charged with using

expertise and clinical judgment to implement, at minimum,

Table 3. Results of the Second Round of Scoring

Screening Test Mean Weighted Mean

Reading card–near acuity 2.78 3.19

Reading card on the back of the
Chronister Pocket Acuity Chart

7.11 6.41

Northeastern State University College
Optometry saccades

3.67 3.94

Adult Developmental Eye Movement
Test saccades

7.11 6.41

Eye Alignment Test 8.44 7.80

Binocular Vision Assessment 3.22 3.48

Table 2. Screening Tests Considered by Panel Members Within 10 Domains and Mean Inclusion Scores After Round 1

Vision Domain Screening Test Item Considered by Panel Mean Weighted Mean

Self-report Vision Questionnaire (developed for internal use at the National Intrepid Center
of Excellence; unpublished)

5.22 4.81

College of Optometrists in Vision Development Quality of Life Outcomes Assessment
(Daugherty, Frantz, Allison, & Gabriel, 2007)a

9.11 9.07

Symptom Questionnaire: Acquired Brain Injury (Scheiman, 2011) 1.67 1.94

Convergence Insufficiency Symptom Survey (Rouse et al., 2004, 2009) 3.11 3.41

10-item neuro-ophthalmic supplement to the National Eye Institute Visual Function Questionnaire
(Raphael et al., 2006)

2.67 2.78

Functional performance Dynamic assessment of occupational performance (with attention to behaviors
suggesting vision dysfunction)a

8.67 8.61

Vision acuity: distance Chronister Pocket Acuity Chart (Gulden Ophthalmics, Elkins Park, PA; Scheiman, 2011)a 9.78 9.69

Snellen chart (Stevens, 2007) 1.22 1.81

LEA Symbols test (Good-Lite, Elgin, IL; Scheiman, 2011) 1.33 1.72

Early Treatment of Diabetic Retinopathy Study chart (Precision Vision, LaSalle, IL; see Kaiser, 2009) 0.89 1.59

Vision acuity: reading MNREAD Acuity Chart (Precision Vision, LaSalle, IL) 4.11 4.07

Tumbling E Test (Precision Vision, LaSalle, IL; see Scheiman, 2011) 3.56 3.70

Smith–Kettlewell Reading Test (Kent, 2013) 4.56 4.37

Reading card (inclusion in screen without specifying test)a 8.44 8.13

Visual fields Confrontation field testing: finger counting (Anderson, Shuey, & Wall, 2009)a 9.56 9.37

Confrontation field testing: targets (Scheiman, 2011) 3.11 3.41

Saccades and pursuits Northeastern State University College Optometry Oculomotor Test (Maples, Atchley, & Ficklin, 1992;
Maples & Ficklin, 1988)a

8.44 7.30

King–Devick saccades test (King–Devick Test, Oakbrook Terrace, IL; Galetta et al., 2011) 2.67 2.94

Adult Developmental Eye Movement Test (Garzia, Richman, Nicholson, & Gaines, 1990;
Sampedro, Richman, & Pardo, 2003)

7.22 6.65

Convergence Near point of convergence testing (Scheiman et al., 2003)a 9.56 9.54

Alignment Eye Alignment Test (Scheiman, 2011) 6.67 6.11

Binocular Viewer-free random dot test, such as the Frisby Stereotest (Bernell Corporation, Mishawaka, IN;
see Gillen, 2009)

1.11 1.57

Binocular Vision Assessment computerized vision therapy assessment (HTS Inc., Gold Canyon, AZ) 6.89 6.26

Randot Stereotest (Stereo Optical Co., Inc., Chicago; see Fricke & Siderov, 1997) 6.78 6.19

Accommodation Amplitude of accommodation testing (Scheiman, 2011; Yothers, Wick, & Morse, 2002)a 9.56 9.37

Photosensitivity Photosensitivity (general inclusion of painlike self-report scale) 8.11 7.07

General VERA vision screening software (Visual Technology Applications, Philadelphia;
Gallaway & Mitchell, 2010)

2.00 2.67

Brain Injury Visual Assessment Battery for Adults (visABILITIES, Lenexa, KS) 0.56 1.20

Dynavision (Dynavision, West Chester, OH) 0.33 0.72

aRecommended screening item.
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“better practices” in TBI vision screening—the objective of

this undertaking.

A panel of occupational therapy and optometry

experts used a modified nominal group technique to

specify the composition and sequence of an occupational

therapy TBI vision screen that was aligned with pre-

determined criteria for rigor and clinical feasibility. The

panel considered 29 optional tests or approaches. Reasons

for exclusion included inappropriateness for service-

members with mild TBI (the largest subgroup of ser-

vicemembers with TBI; Defense Veterans Brain Injury

Center, 2013), inadequate specificity relative to an adult

population, lack of portability, substantial time to ad-

minister, and high cost. This effort resulted in the

specification of a “better practice” occupational therapy

TBI vision screen comprising nine subtests that to-

gether examine self-reported problems, far–near acuity,

reading, accommodation, convergence, eye alignment

and binocular vision, saccades, pursuits, and visual fields

(administered in the order listed). The panel recommended

that these standardized tests complement clinicians’ ongo-

ing observations of patients’ performance during visually

demanding tasks (e.g., map reading, target location). A

subgroup of panel members subsequently submitted a

research proposal to validate the proposed vision screen

on servicemembers with TBI. The proposal was not funded;

a resubmission is under consideration.

The proposed sequence is commonly used in visual

examinations. To establish a relationship between the

practitioner and the patient and to guide the remainder of

the examination, the process starts with a questionnaire

assessing self-reported vision-related functioning. Visual

acuity testing follows to rule out uncorrected refractive

error (myopia, hyperopia, and astigmatism), which in

a recent study was identified in 96% of TBI patients

referred to a VHA clinic (Bulson et al., 2012). In addition

to distance acuity, acuity for reading is screened before

further vision or cognitive testing so that results are ac-

curate and reliable. Problems with accommodation and

convergence may invalidate any other tests of near vision,

so this domain is examined early in the screening process.

Assessment of binocular vision also occurs early in the

screen because binocular vision problems and double

vision have a negative impact on other testing. Eye

movement screening follows, starting with the more chal-

lenging test, saccades, and ending with screening of pur-

suits. Visual field testing is last because visual field loss

seems less common among servicemembers with TBI

(Bulson et al., 2012).

One change was made to the recommended vision

screening protocol after the consensus meeting. The panel

originally recommended use of the Adult Developmental

Eye Movement Test to screen saccades, but it was sub-

sequently replaced with the Developmental Eye Move-

ment Test (DEM), in part because the A–DEM was not

commercially available. Concerns were also raised re-

garding the comparability of the A–DEM to the DEM,

which has norms only on children up to age 13 yr (Garzia

et al., 1990). Two important differences between the

A–DEM and the DEM may threaten their comparability.

The A–DEM requires the patient to read and state

double-digit numbers, whereas the DEM involves single

digits, which may have implications for time scores. Also,

on the A–DEM, the order of the numbers on the vertical

array card is not identical to those on the horizontal array

card, whereas the DEM has identical number order in

vertical and horizontal arrays (Powell, Fan, Kiltz,

Bergman, & Richman, 2006). As suggested by Powell

and colleagues (2006), these test differences may reflect

measurement of different constructs. Furthermore, the

A–DEMwas normed on Spanish-speaking adults (Sampedro

et al., 2003), which, along with potential differences in

Table 4. Screening Items, in Recommended Order of Administration

Recommended Screening Itemsa
Recommended Use of Corrective Lenses

During Screening

Self-reported symptoms and performance: College of Optometrists in Vision Development
Quality of Life Outcomes Assessment plus photosensitivity interview question

Test with corrective lenses (if appropriate)

Far acuity: Chronister Pocket Acuity Chart

Reading: Chronister Pocket Acuity Chart reading card

Accommodation: Accommodative amplitude testing

Convergence: Near point of convergence

Eye alignment and binocular vision: Eye Alignment Test

Saccades: Developmental Eye Movement Testb

Pursuits: Northeastern State University College Optometry Oculomotor Test Test without corrective lenses

Visual fields: Confrontation field testing—finger counting

aObservation of functional performance concurrent with or complementary to the tests. bThe Developmental Eye Movement Test replaced the Adult Developmental
Eye Movement Test after the consensus meeting.
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speaking rates, may limit the use of time scores for

English-speaking adults (Powell et al., 2006).

Therefore, a post hoc panel subgroup concluded that

the DEM was preferable to the A–DEM. The DEM

appears to measure the construct of interest (impairment

in saccades) and could defensibly be included in the

screen on the basis of the assumption that under normal

conditions, an adult would be expected to have the sac-

cadic proficiency of a 13-yr-old (the upper tier of the

DEM norms). Users of this test should be advised that it

may underidentify impairment of saccades in adults

(Powell, Birk, Cummings, & Ciol, 2005), although this

risk appears to be minimal (Powell et al., 2006).

The modified nominal group technique minimized

but did not eliminate potential bias in the consensus

process. Panel planners may have inadvertently introduced

bias in the selection of participants. However, the fact that

it took two rounds and considerable discussion to achieve

consensus regarding the composition of the TBI vision

screen suggests that like-minded people were not in-

tentionally selected for participation. In addition, partic-

ipants may have had long-held experiences and perspectives

that prevented them from fully considering all of the

options for vision tests or the viewpoints of others on the

panel, which may explain why the recommended screening

protocol does not incorporate any tests that involve in-

strumentation or software.

Computerized vision screening programs such as the

Binocular Vision Assessment (HTS Inc., Gold Canyon,

AZ) and VERA vision screening software (Visual Tech-

nology Applications, Philadelphia) show promise for fu-

ture consideration (Gallaway & Mitchell, 2010), but at

present, neither has established norms for adults. Ocu-

lomotor functions (i.e., binocular vision, accommoda-

tion, and eye movements) were recently assessed with

computerized oculomotor vision screening and by con-

ventional methods in 20 military personnel with and 20

without mild TBI (Capó-Aponte, Tarbett, et al., 2012).

The computer-based screening by non–eye care pro-

fessionals showed excellent validity and repeatability for

assessing near-related binocular vision problems and

pursuit and saccadic eye movements. Although the sam-

ple size was very small, this study is an example of the

work that will be necessary to develop effective vision

screening for TBI-related vision disorders.

Implications for Occupational
Therapy Practice

The work of this panel has the following implications for

occupational therapy practice:

• Servicemembers and civilians with TBI who are re-

ferred to occupational therapy practitioners are likely

to have visual dysfunction.

• Screening for vision impairments on all adults with

TBI ensures that they are appropriately referred for

full vision examination by specialists and that they

receive necessary therapy and education to manage

vision problems during functional activities.

• An occupational therapy TBI vision screen recommended

by a consensus panel using the nominal group technique

may represent a “better practice” option.

• Research is needed to develop a robust and clinically

feasible occupational therapy vision screening protocol

for adults with TBI; few options exist at present.

Conclusion

A significant need exists for research to develop vision

screening protocols designed to identify TBI-related vision

disorders in the adult population. Agreement will first be

required on the areas to be screened and the tests and

technologies that are most appropriate. Once these deci-

sions are made, research will be necessary to develop

normative data for adults and to plan and implement

validation studies demonstrating appropriate specificity

and sensitivity for these protocols.

As with children, the ideal scenario is for every person

with TBI to routinely have a comprehensive vision ex-

amination as soon as possible after injury to rule out the

presence of vision problems that could interfere with re-

habilitation and recovery of independence. In most re-

habilitation settings, this ideal is not often achieved, in part

because eye care professionals are typically not part of

the TBI rehabilitation team. Thus, occupational therapy

practitioners have begun to recognize a need for an efficient,

validated vision screening appropriate for adults after TBI

that is designed to determine whether a client requires

referral for a comprehensive vision examination and to

inform clinical intervention. The vision screening protocol

recommended by a consensus panel of experts using a

nominal group technique is proposed as “better practice”

until a validated option is available for clinicians. s
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