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ABSTRACT 
	  

Exposure	  to	  combat	  blast	  forces	  may	  have	  devastating	  effects	  on	  the	  student	  

veteran’s	  future	  academic	  experience.	  There	  were	  over	  2.1	  million	  people	  deployed	  to	  Iraq	  

and	  Afghanistan	  since	  2001.	  The	  DOD	  estimates	  that	  as	  many	  as	  287,911	  may	  have	  

sustained	  traumatic	  brain	  injuries	  (TBI),	  mostly	  from	  exposure	  to	  blasts	  from	  improvised	  

explosive	  devices.	  Previous	  research	  indicates	  that	  82%	  report	  reading	  problems	  after	  TBI	  

yet	  often	  do	  not	  associate	  it	  with	  a	  vision	  problem.	  While	  other	  research	  indicates	  that	  as	  

many	  as	  80%	  of	  those	  with	  TBI	  will	  have	  some	  residual	  vision	  dysfunction	  which	  is	  not	  

identified	  by	  standard	  eye	  exams.	  The	  DOD/VA	  estimate	  that	  a	  least	  50,000	  have	  been	  

discharged	  without	  diagnosis	  of	  these	  visual	  injuries.	  These	  visual	  injuries	  jeopardize	  

student	  veteran’s	  academic	  success.	  

	   This	  transdisciplinary	  study	  explored	  an	  intervention	  to	  identify	  those	  likely	  to	  have	  

visual	  disturbances	  related	  to	  blast	  exposure,	  relate	  those	  to	  academic	  difficulty.	  Initially,	  a	  

survey	  was	  distributed	  to	  student	  veterans,	  which	  revealed	  66%	  were	  combat	  veterans	  and	  

80%	  of	  those	  were	  exposed	  to	  blast	  forces	  during	  their	  combat	  tour.	  A	  Reading	  behavior	  

inventory	  revealed	  that	  the	  students	  exposed	  to	  combat	  blasts	  read	  fewer	  types	  of	  material,	  

read	  for	  less	  time,	  and	  enjoyed	  less	  reading	  satisfaction	  when	  compared	  with	  student	  

veterans	  who	  had	  not	  been	  deployed,	  or	  veteran	  students	  who	  had	  deployed	  but	  not	  been	  

exposed	  to	  blast	  forces.	  	  

A	  sample	  of	  these	  were	  tested	  for	  the	  visual	  sequelae	  associated	  with	  blast	  exposure	  

and	  found	  that	  80%	  had	  related	  vision	  dysfunctions	  including	  binocular	  dysfunction,	  

limited	  stereopsis,	  compromised	  acuity	  and	  dysfunctional	  ocular	  movements.	  An	  itinerant	  

intervention	  of	  6	  weekly	  vision	  therapy	  sessions	  was	  used	  to	  improve	  visual	  function.	  When	  

the	  veterans	  were	  reexamined,	  improvement	  was	  seen	  in	  optometric	  measures	  in	  every	  

participant.	  Additionally,	  every	  participant	  reported	  subjective	  improvement	  in	  reading	  
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difficulty.	  Additionally,	  participants	  showed	  significant	  improvement	  in	  reading	  speed	  and	  

comprehension,	  improving	  from	  59%	  to	  77%	  from	  baseline.	  	  	  

Student	  combat	  veterans	  who	  have	  been	  exposed	  to	  blast	  forces	  may	  have	  visual	  

dysfunctions	  that	  negatively	  impact	  their	  reading	  speed	  and	  comprehension.	  Visual	  

screening	  and	  itinerant	  vision	  therapy	  in	  the	  academic	  environment	  has	  the	  potential	  to	  

make	  significant	  impact	  on	  the	  academic	  success	  of	  this	  population	  as	  well	  as	  provide	  

similar	  benefit	  to	  millions	  who	  suffer	  civilian	  head	  injuries	  every	  year.	  
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 1 

CHAPTER I 
OVERVIEW OF THE STUDY 

Introduction 

This chapter is an introduction to the intervention of visual dysfunction related to 

blast injuries in student veterans. The project was envisioned as a transformative 

paradigm which, by definition, redefines the boundaries between science, engineering, or 

education (National Science Foundation, 2013). The inability to fit a project within a 

given paradigm is a touchstone for transformative research (National Science Foundation, 

2013). Given this pretext, an open-minded review of the logic used to create this project 

is invited. This is a study on the military combat cohort associated with the United States 

involvement in Iraq and Afghanistan since 2001. This includes Operation Iraqi Freedom 

(OIF), Operation Enduring Freedom (OEF), and Operation New Dawn (OND), which in 

the following pages will be referred to collectively as the Iraq war era, and the veterans 

thereof, as Iraq War veterans or OEF OIF veterans. This chapter introduces the approach 

used to characterize the nature of blast-related visual injuries and the intervention used to 

ameliorate their educational effects.  

An estimated 273,859 combat veterans received traumatic brain injuries (TBIs), 

largely due to encounters with improvised explosive devices (IEDS) since 2001 (Defense 

Medical Surveillance System, 2013). A study at the Veterans Affairs (VA) Palo Alto 

Health Care System (VAPAHCS), found 74% of polytrauma cases had blast exposures 

(Lew et al., 2006). Further research suggests that as many as 75% of these have 

associated visual injuries, even though most have normal or near normal acuity (Lew, et 

al., 2007). These visual injuries may result in convergence insufficiency, accommodative 
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dysfunction, saccadic/pursuit dysfunction, fixation instability, strabismus and field 

defects; many of which cannot be identified by a typical eye exam (Brahm et al., 2009; 

Cockerham, et al., 2009; Lew et al., 2007). 

These visual problems manifest in various ways, from perturbations like double 

vision or light sensitivity, to major safety concerns like hemianopsia (missing visual 

fields) (Brahm et al., 2009; Cockerham et al., 2009, Stelmack et al., 2009). Reading 

problems were self-reported in 82% of veterans who encountered a blast event, according 

to Girard (2007).  While veterans enter academia with much strength associated with 

their training, these blast-related visual sequelae present a significant academic challenge 

in the OIF/OEF war cohort. Furthermore, research has documented profound quality of 

life effects, including reduced functional independence, in people who have sensory 

impairments due to TBI (Ashley & Krych, pp. 35, 1995; Capó-Aponte, Urosevich, 

Temme, Tarbett, & Sanghera, 2012; Cockerham, et al., 2009; Cockerham et al., 2011; 

Ciuffreda, Ludlam, Kapoor, 2009; Lew, Garvert, Pogoda, Hsu, Devine, et al., 2009). A 

large and growing body of literature has demonstrated the efficacy of vision therapy for 

the treatment of these types of visual dysfunctions (e.g. Capó-Aponte et al., 2012; 

Ciuffreda, 2002; Ciufrfreda, Ludlam, & Kapoor, 2009; Cockerham et al., 2009; Conrad, 

2011; Kingston, Katsaros, Vu, & Goodrich, 2010; Koons, Johnson, Kingston, & 

Goodrich, 2010; Stelmack, Moran, Dean, & Massof, 2007; Thiagarajan, Ciuffreda, & 

Ludlam, 2011; Trudell, 2002). 

Since visual acuity is usually normal or nearly normal in this type of visual 

dysfunction, the veteran may be unaware of the visual dysfunction until it is identified on 
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a vision screen (Lew et al., 2009). A typical vision screen may not detect these problems 

and a full functional vision screen is required for detection. For this reason, many 

researchers recommend universal vision testing for any suspected brain injury (e.g.Brahm 

et al., 2009; Cockerham, et al., 2011; Lew, et al., 2007), and the Veterans Administration 

(VA) has adopted this as part of their TBI screening protocol (Department of Veterans 

Affairs, 2009; Department of Veterans Affairs’ Vision Center for Excellence, 2013).  

Vision therapy, also called vision rehabilitation, vision exercises, visual training, 

or low vision therapy, is a set of vision exercises specified by an optometrist to suit an 

individual vision dysfunction (American Optometric Association, 2011). For this project, 

blast exposure was considered to be an individual’s presence within 50 feet of a combat 

explosion from any ballistic device (e.g., rocket, grenade, improvised explosive device). 

This intervention specifically targeted those visual impairments that are associated with 

blast exposure and correctable by vision therapy.  

Vision therapy is a technique that has been used for decades to correct similar 

visual dysfunction related to traumatic brain injury (TBI). Vision therapy, according to 

the American Optometric Association, is “a sequence of neurosensory and neuromuscular 

activities individually prescribed and monitored by the doctor to develop, rehabilitate and 

enhance visual skills and processing” (American Optometric Association, 2011). Similar 

vision therapy procedures are used in different contexts by teachers of the visually 

impaired, low vision specialists, physical therapists, occupational therapists, and 

individuals via remote or computerized instruction (Birnbaum, Soden, & Cohen, 1999; 

Carvelho et al., 2008; Ciuffreda et al., 2008; Ciuffreda & Ludlam, 2011; Markowitz, 
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2006; Mogk & Goodrich, 2004; Scheiman et al., 2005; Suter & Harvey, 2011; Trauzettel-

Klosinski, 2011). 

A visual impairment, according the Individuals with Disabilities Educational Act 

(IDEA) is any impairment in vision that, even when corrected, adversely affects one’s 

education. The visual impairments considered in this study were oculomotor dysfunctions 

that interfere with binocular cooperation (the efficient functional coordination of input 

and control from both eyes) and those involving visual field defects (visual impairment 

involving obscurity of all or part of visual field due to a vision processing issue). These 

particular visual dysfunctions were chosen because of their common association with TBI 

and the ability of visual training to provide benefit. These are not the only visual 

dysfunctions caused by blast exposure but are common injuries amendable to vision 

therapy.  

While many studies have examined veterans who were being treated at medical 

trauma facilities, almost no data exists on the veteran population in academic settings 

where visual efficiency and reading proficiency is critical to success. There is a large 

volume of literature in peer reviewed journals describing the role of vision efficacy on 

reading speed and comprehension (Dimigen, Sommer, Hohlfeld, Jacobs, & Kliegl, 2011; 

Nuthmann & Kliegl, 2009; Snow, Burns, & Griffin, 1998; Snowling & Hulme, 2005; 

Underwood, Hubbard, & Wilkinson, 1990). Additionally, the literature has substantially 

linked improvement in ocular function with educational benefits (Bonilla-Warford & 

Allison, 2004; Carvelho, Allison, Irving, & Herriot, 2008; Nation, 2009; Orfield, 2008; 

Press, 2007; Snowling & Hulme, 2005) but not in the student veteran campus-based 
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population. This project applied these bodies of research to an action plan for student 

veterans with blast injuries. 

Purpose of the Study 

The purpose of this study was to develop a campus-based model for identification 

and intervention of blast related visual dysfunction in student veterans. The project was 

designed to estimate and describe the academic impact of these visual injuries. The 

project crossed several disciplinary fields with the intention of constructing a framework 

for follow-up projects that can inform programmatic decision making in the best interest 

of veteran's academic achievement. 

Research Questions 

This study investigated the use of vision therapy procedures for improving visual 

function in student veterans with a history of blast exposure. Specifically, we addressed 

the objective and subjective measures of visual function and related those to academic 

experience. The research questions were:  

1. Are visual dysfunctions from combat blast exposure associated with academic

difficulty in US military veterans?

2. Do common vision-training exercises improve reading for veterans with visual

dysfunction related to blast exposure?

The research questions were guided by a significant amount of research in several 

disciplines that have demonstrated: 

a) the presence of visual dysfunction in a significant percentage of veterans

who were part of the OEF OIF combat cohort. 
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b) the deleterious academic effects of similar head injury related visual

dysfunctions. 

c) the success of visual training exercises at improving vision related

academic difficulties. This research was primarily with school-age children. 

Theoretical Perspective 

The guiding theoretical perspective for this project was derived organically from 

the author’s perspective and that of key background research. The author’s perspective is 

that of a scientist, an educator, and a veteran whose family has played a part in every U.S. 

armed conflict since the Revolutionary War (S. Johnson, personal communication, 

September 12, 2012). The resultant focus is less on epidemiology and statistics, arguably 

well documented, and more on pragmatic solutions to real-world veteran’s issues. This 

perspective formed a natural fit for the translational and potentially transformative 

theoretical lens through which this project was visualized.  

Translational research is a perspective developed in biomedical research for the 

purpose of accelerating pure science discoveries to patient applications (Woolf, 2008). 

This idea has since been applied to many other research fields and can be seen as a bridge 

between research and the community. This “bench to bedside” priority has challenged 

traditional research models by redefining the target. It has been defined as a "systematic 

effort to convert basic research knowledge into practical applications to enhance human 

health and well-being” (Donofrio, 2013). Cornell Institute for Translational Research on 

Aging (CITRA), for instance, used translational research to build a research-community 
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bridge between social science researchers and organizations serving older individuals in 

New York (Wethington, et al., 2007). Translational research is like action research in that 

both study a subject that has human service applications. Translational research, however, 

unlike action research, makes a direct connection between the answer and the need. 

Action research focuses on a topic that has potential for improving human health or well-

being but does not necessarily make practical steps toward implementation (Wethington, 

2010). 

The application of the translational perspective to this research can be viewed in 

terms of the translational continuum and how it overlays the current state of affairs in low 

vision services. The Institute of Medicine Roundtable produced a continuum for 

translational research based on translational (T) blocks (Woolf, 2008). Using a variation 

of this, a translational continuum for the social sciences has been developed. This 

includes (T1) basic science, (T2) clinical insights, (T3) implications for practice, and  

(T4) population (community) application (Akyurtlu, et al., 2013). 

The professional fields involved in low vision services have a long history of 

basic, clinical, and practical research (T1-T3) but have long struggled with eclecticism in 

delivery of services (Goodrich, 1994; Goodrich & Lueck, 2010; Goodrich, Arditi, Rubin, 

Keeffe, & Legge, 2008; Mogk & Goodrich, 2004; Rosenbloom, 1978; Warren, 1995). 

This area is ripe for the application of translational perspective because much of the 

initial translational continuum has been accomplished. Low Vision Services, which 

includes vision therapy techniques, has decades of both basic research and clinical 

observations. However, there is still no unified delivery system to assure that those with 
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low vision needs are connected with low vision service providers. While the need in the 

low vision field is far beyond the scope of this project, this research demonstrated a direct 

bridge from what is known in science, clinical perspectives, and educational research to a 

specific population in need of those services. 

As this theoretical perspective applies to this study, it was anticipated that visual 

problems associated with blast exposure would have a deleterious effect on the student 

veteran’s academic experience, which would be amended by vision therapy. In the short 

term of this study, academic experience was estimated by reading efficacy, a predictor of 

academic success. Reading efficacy is determined both by performance and comfort, 

thus, a concurrent transformative mixed methods strategy was used for its estimation and 

description. It was also expected that the participant’s qualitative contributions would 

blend with the empirical results to illuminate and inform future research and policy 

questions. 

Conceptual Model 

Transdisciplinary research, by definition, spans and incorporates more than one 

discipline for the purpose of constructing knowledge (Mathison, 2005). This approach is 

inquiry-driven rather than discipline-driven (Nicolescu, 2008). From this perspective, 

information from multiple disciplines serves only to inform the desired outcome. 

Evaluation research served as a pragmatic tool to conceptualize this design and is 

characterized as a transdisciplinary method (Shriven, 1991).  

The screening and identification component of this study replicated research 

conducted at the Veterans Administration (VA) and Department of Defense (DOD) 
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(Capó-Aponte, et al., 2012; Goodrich, Kirby, Cockerham, Ingalla, & Lew, 2007). These 

organizations frequently come under fire for real or perceived failings, criticism, which 

organizations of this size and scope are, bound to bear. In contrast, it is not possible to 

review the significant milestones in medicine, science, sociology, psychology, neurology, 

rehabilitation, and even education without appreciating the research that has been 

accomplished there. This project followed these research protocols as closely as possible, 

with design exceptions occurring only where our resources could not match the clinical 

conditions (e.g. medical record access). The research after which this project was 

modeled was designed and conducted at both VA and DOD trauma centers. There are 

five of these centers that provide highly specialized care and rehabilitation of soldiers 

with multiple and complex wounds, deemed polytraumatic injuries (Andersen et al., 

2012; Dismounted Complex Blast Injury Task Force, 2011).  

Both the VA and DOD healthcare systems are intrinsically transdisciplinary. This 

initiated the transdisciplinary focus of the current study and from there; extension was 

made to the student veteran population. However, the differences between the veteran 

population at VA and DOD trauma centers compared to the population of veterans on 

campus warranted conceptual considerations. 

Constructing a conceptual model required identifying the complicit factors 

inherent to the problem as well as their background research, and organizing them in a 

conceptual map. This preliminary conceptual map was used to evaluate and distill the key 

conceptual contributors, which became the ex-ante framework that formed this project. 

This conceptual framework is identified as ex-ante, not only because of its creation in the 
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formative stages, but also because of the likelihood of reforming this map as a result of 

this research. 

Conceptual Framework 

The concept mapping process developed in the previous section was analyzed and 

condensed to arrive at the conceptual framework that is depicted in Figure 1.1. This 

diagram maps the intended data capture and analysis and expected impact in both short 

and long terms.  The underlying assumptions that were integral to the model as well as 

potentially influential external factors are also demarcated.  

Data Collection Research 
Products 

Impact Expectations 
Short term Long term 

• Non-clinical, self-
reported pre-
screen
questionnaires

• Optometric Exam
• Measurement of

Baseline metrics
• Vision therapy
• Measurement of

post-training
metrics

• Recording of
semi-structured
exit interview

• Description of
demographics of
all responders

• Review of
questionnaires
for inclusion
criteria

• Comparison of
experiential and
demographics
between
experimental
group and
control group

• Support of veterans
academic success

• Improved visual
efficiency

• Improved reading

• Demonstration of
campus based
intervention

• Demonstration of
transdisciplinary
research model:
Education, Science,
Vision Rehab
/Optometry

• Improved
community
awareness of veteran
issues

• Improved veteran
graduation rates

• Increased numbers of
educated veterans
available for
community
leadership

• Potentially
transformative
contribution
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Assumptions��FRQWLQXHG� External Factors��FRQWLQXHG���
• Participation from veteran community

• Visual symptoms related to blast
exposure are detectable in student
veterans through questionnaire & OD
exam in proportions relatively lower
than VA research populations.

• Visual symptoms related to blast
exposure have a significant negative
affect on academic experience -Efficacy
of vision therapy in ameliorating
oculomotor and field defects.

• Availability of resources (money, time,
personnel, training, students and persons
with vision disabilities).

• Changes in legislation on the international
and national levels affecting V.T. provision.

• Influence of other mitigating factors of
academic success in veteran’s life including
visible academic support, peer support, &
access to needed resources

• Community involvement

• Visual training has a positive effect on
blast-related visual symptoms.

• Relevance of TBI related vision
dysfunction in blast exposed veteran
students irrespective of reason that issue
was unidentified or unresolved before
entering the university

• Participant variables comparison to
clinical norms (age leveled) to produce
valid evidence based results with a small
and heterogeneous sample.

• Change in status of latent factors (e.g.
medication or self-medication, motivation,
family & community support) during the
training period.

Figure 1.1 Conceptual Framework 

The available output measures warrant discussion to highlight possible confusion 

in logic model and rehabilitation verbiage. Rehabilitation output measures are often 

metrics of biological function (e.g. increased ocular mobility), whereas an outcome is a 

behavioral change (e.g. improved reading, improved academic performance) (Granger, 

1985). An outcome like reading involves a number of underlying latent properties of the 

individual that might include things like interest, motivation, or cognitive ability that can 
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serve as reading predictors (Granger, 1985; Laughlin, Granger, & Hamilton, 1995). These 

latent properties are difficult to identify or directly measure. However, comparing 

measures of two outputs increases the confidence that the intervention has effected an 

appreciable outcome (Laughlin et al., 1995). Nevertheless, assuming a causal relationship 

between two measured outputs and a behavioral outcome may be patently incorrect due 

to the contribution of unseen latent properties of the individual (Laughlin et al., 1995).  

Measurements of ocular function included repeat optometric functional eye exam 

indices and reading scores on computerized functional exam. These measures were 

juxtaposed with individual subjective measures of reading ability via the Reading 

Behavioral Inventory (RBI), a vision rehabilitation metric developed specifically as a low 

vision outcome measure at the VA (Goodrich, Kirby, & Peters, 2006). This triangulation 

represents a more valid way to measure outcomes in a rehabilitation paradigm when 

latent characteristics of the individual may have unknown effects on the outcome 

measures. Triangulating multiple output measures affords the ability to consider latent 

characteristics without their explicit identification, and answers recent calls in 

rehabilitation and biomedical research for enhanced outcome measures (Hobart, Cano, 

Zajicek, & Thompson, 2007). In this case, according to Hobart, et al. (2007), a complex 

output measure like improved reading efficacy requires a minimum of two measures. 

These two measures, for this project, included subjective and objective measures to 

increase robustness. Finally, post hoc interviews elucidated and described the participants 

experience in thematic qualitative terms and confirmed the observations in the 

intervention. This was used to guide recommendations for future research. 
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Definitions 

The definitions were divided into conceptualized definitions and others 

definitions. The conceptualized definitions were key terms used in identifying and 

quantifying precepts.  The other definitions included medical and optometric terminology 

used in the project description. 

Definitions of Fonceptual Werms��The terms listed in Table 1.1 were identified as 

key to defining the concepts of the SURMHFW��7KLV�WDEOH�DOVR�FRQWDLQ�RSHUDWLRQDOL]HG

definitions of those terms. 

Table 1.1 

Key Concepts and Operationalized Definitions 

Key Concepts Operationalized Definitions 

Academic Impact- subjective 

Academic Impact-Objective 

Academic impact estimated via post-training interview; reading effect 
by RBI. 
Participants grade point average (GPA) compared to matched controls; 
reading effect by Inet reading fluency. 

Blast exposure Within 50 feet of a blast event 
Closed eye injury Eye injury that did not involve penetration of the globe 
Medication or self-
medication 

Medication (prescribed) and self-medication (via recreational drugs 
or alcohol. 

Objective Reading Impact Measured by score on Reading Behavior Inventory (RBI), a metric 
developed for low vision outcomes 

OEF OIF or Iraq war veteran 
Any member or former member of the U.S. military that served in 
the Iraq or Afghanistan combat theatres between 2003 and the 
present 

Reading fluency Product of Inet metrics of speed and comprehension. 

Reading Efficacy 

Subjective Reading Measure 

Vision Therapy 

Visual dysfunction 

includes reading comfort (e.g. no headaches, no double vision), 
objective measures of speed and comprehension, and subjective 
measure of reading ability 
In this case, the RBI is used for subjective reading score pre and post 
training. 
A set of vision exercises prescribed by an optometrist to correct 
specific visual dysfunction (American Optometric Association, 
2009a) 
A deviation from normal visual function not necessarily related to 
negative functional implication (Corn & Koenig, 1997). 
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Visual impairment 

A deviation from normal vision that is associated with functional 
vision loss, independence loss, or negative educational impact even 
with correction (i.e. with lenses) (Colenbrander & Francisco, 2003). 

Other definitions. 

AC/A ratio. The amount of accommodative convergence stimulated during 

accommodation (Sutter and Harvey, 2011).  

Amblyopia. Also known as "lazy eye"; misalignment of one eye (Riordan-Eva, & 

Whitcher, 2008). 

Anisocoria. This is a term used for unequal pupils (Riordan-Eva & Whitcher, 2008). 

Binocular vision. The brain’s ability to fuse images from two eyes into one image to 

produce the perception of a 3-dimensional image (Riordan-Eva, & Whitcher, 2008). 

Binocular cooperation. The efficient functional coordination of input and control from 

both eyes 

Cortical visual impairment. This term is also known as cerebral visual impairment. A 

visual impairment associated with injury, damage, or insult to the brain rather than a 

dysfunction of the eyes. This is the leading cause of visual impairment in the United 

States (Roman-Lantzy, 2007; Yan, Kliegl, Richter, Nuthmann, & Shu, 2010). 

Convergence. The turning in of the eyes to follow an approaching object or focus on 

near object (Riordan-Eva, & Whitcher, 2008). 

Diopter. The unit of refractive power of a lens (Riordan-Eva & Whitcher, 2008). 

Diplopia. This is commonly known as double vision and is usually due to extra ocular 

muscle palsy or paresis in brain injury (Ashley, & Krych, 1995, p.178). 

.H\�7HUPV� 2SHUDWLRQDOL]HG�GHILQLWLRQV
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Fusion. The combining of 2 images by the visual system (Riordan-Eva, & Whitcher, 

2008). 

Hemianopia. Blindness in half of the visual field, which is called homomonous 

hemianopia when the same sides are blind in each eye (i.e. right visual fields from both 

eyes blind (Riordan-Eva, & Whitcher, 2008). Hemianopia may be caused by cerebral 

vascular accident (CVA, also called stroke) or brain injury (Riordan-Eva, & Whitcher, 

2008). 

Low vision. A term used for a visual impairment that exists after correction but with 

usable vision (Corn & Koenig, 1997). 

Near point of convergence. This is the term for the nearest point that person is able to 

maintain fused image of near object and maintain binocularity. 

Negative relative accommodation (NRA). This is a measure of the maximum ability 

relax accommodation while maintaining clear, single binocular vision (American 

Optometry Association, 2011). 

Phoria- One description of eye posture that means an eye deviation in one direction 

relative to the other eye in unfused state. This is also called heterophoria or latent phoria 

to distinguish from misalignments measure during fusion. There are several types of 

phoria that are described by their direction and amount. Their nominal prefix describes 

the direction (i.e. orthophoria, eyes are same position; exophoria- eyes turn outward; 

 esophoria, eyes turn inward; hyperphoria- eye deviates upward; hypophoria, eye 

deviation downward) (American Optometry Association, 2011). 

Positive relative accommodation (PRA). A measure of the maximum ability to 
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accommodate while maintaining clear, single binocular vision (American Optometry 

Association, 2011). 

Prism diopter. The unit of prism power or amount it shifts light in a given direction. It is 

also the unit of measure for ocular alignment measurements because these are measured 

by applying increasing amounts of prism shift in a given direction until the misalignment 

neutralizes (American Optometry Association, 2011). 

Prism. This is a wedge that deviates light in one direction without changing the focus and 

compressing and expanding visual spatial awareness. Prisms are incorporated into lenses 

to treat hemianopsia and binocularity dysfunctions (American Optometry Association, 

2011). 

Random dot stereogram. This is a test for stereopsis where a dotted pattern is seen in 

3D through polarized lenses if stereopsis is present. 

Nystagmus. Involuntary rhythmic oscillation of the eye caused by a number of 

conditions including brain injury. In particular, positional nystagmus, or that seen in 

relation to the individual's position, is a common finding in brain injury (Riordan-Eva, & 

Whitcher, 2008). 

Traumatic Brain Injury. This is a term used to describe an injury or insult to the brain 

caused by an external force. 

Polytrauma. Defined by the VA as “two or more injuries to physical regions or organ 

systems, one of which may be life threatening, resulting in physical, cognitive, 

psychological, or psychosocial impairments and functional disability” (Lew et al., 2009). 

Polytrauma eye research and treatments study (PERTS) (Beck, 2013). This is 
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research at the VA to collect evidence for vision rehabilitation treatments in the 

polytrauma population. 

Polytrauma network. The VA integrated system of acute care and rehabilitation for 

soldiers with multiple, complex, or "polytraumatic"  wounds. It is the nation's largest 

integrated system of traumatic rehabilitation care. It was created in 2004 to extend the 

mission of the VA rehabilitation centers to address the influx of veterans with 

polytraumatic wounds. The hallmark of this system is patient-centered care and multi-

disciplinary care teams. The system includes five regional Polytrauma Rehabilitation 

Centers (PRC) and 23 Polytrauma Network Sites (PNS) and is partnered with the 

multiagency Defense and Veterans Brain Injury Center (DVBIC) created in 1992. The 

PRC mission addresses inpatient care and hosts research, while the PNS addresses more 

outpatient coordination and reintegration needs of veterans with polytrauma (Beck, 

2013).  

Strabismus. A term for a condition where an eye will deviate fixation by turning out, in, 

up or down (Riordan-Eva, & Whitcher, 2008). 

Tropia. This is a marked deviation in one eye’s alignment compared with the fellow eye, 

and is measured in the fused condition. It is described in amount by prism diopters and 

direction by prefix, as with phorias (Corn & Koenig, 1997). 

Vergence. Eye teaming (Riordan-Eva, & Whitcher, 2008). 

Visual perception. How people assign meaning to visual stimuli (Corn & Koenig, 1997). 

Visual attention. The ability to focus visual concentration and resources on something in 

the environment- a dysfunction in visual attention may manifest as spatial neglect (Suter 
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& Harvey, 2011). 

Visual field defect. This term is used for a visual impairment involving obscurity of all 

or part of visual field due to cortical vision processing issue 

Visual impairment. According to IDEA, it is any impairment in vision that, even 

corrected, affects ones educational performance (Individuals With Disabilities Education 

Act, 2004). 

Visual acuity. This is the ability to distinguish optical clarity (Corn & Koenig, 1997; 

Riordan-Eva & Whitcher, 2008). 

Paradigm 

This project followed a transformative paradigm utilizing transdisciplinary tactics 

via evaluation program theory for impact assessment (Chen, 2005; Funnell, & Rogers, 

2011; Shriven, 1991). This is also called integrative or action research but, as outlined in 

the theoretical perspective, also connects the outcome with practical community 

application (i.e. screening and intervention in a student population).   

A number of disciplines including optometry, ophthalmology, neurology, 

psychology, education, rehabilitation, and military studies contributed to the background 

of this topic. Figure 1.2 is a visual guide to the relative contributions of each discipline. 

This model was developed for organizing and understanding the contributing literature. 

This figure depicts the necessity of a transdisciplinary paradigm in understanding the 

problem at hand and contribution of each discipline to the background research. This 

diagram depicts the relative understanding required in each area. 

Transdisciplinary experts warn that, at every juncture in transdisciplinary design, 
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both heredity and environment should be considered. The contributions of heredity and 

environment are overt in translational work between the sciences (e.g. familial genetic 

markers and diet) but were no less important here. These interdisciplinary considerations 

are interactions related to the individual (e.g. culture, heredity, cognitive reserve) and 

their environment (e.g. combat exposure history, current social support status). Explicit 

measurements are beyond the scope of the current project but at each juncture, the 

interactions of individual and environmental differences will be considered to the extent 

of available data.  

Abbreviations 

• bTBI- Blast-related traumatic brain injury

• CTE- Chronic Traumatic Encephalopathy

• DOD - Department of Defense

• fMRI- Functional magnetic resonance imaging

• MRI- Magnetic resonance imaging

• mTBI- Mild traumatic brain injury

• NCPTSD -National Center for PTSD

• OEF- Operation Enduring Freedom

• OIF - Operation Iraqi Freedom

• PBI - primary blast injury

• PNS - Polytrauma Network Site

• PRC - Polytrauma Rehabilitation Center
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• PTSD- Post traumatic stress disorder

• TBI- Traumatic brain injury

• VA- Department of Veterans Affairs (formerly Veterans Administration)

• VAMC- Veterans Administration Medical Center

• VAPAHCS- Palo Alto Health Care System

• VCE- Vision Center of Excellence

• VRT- Vision Rehabilitation Training

• VRT- Vision Restoration Therapy

• VT- Vision Training

Limitations 

  This study was limited to self-reporting of TBI assessment, and reliance on 

sampling and enrollment of only a small number of participants that received both a full 

functional vision screen (about a 2-hour optometric procedure) and vision therapy for six 

weeks. Small sample size normally limits generalizability for quantitative analysis but, 

since the purpose of this study was translation of known precepts, that effect was 

negligible. Causal relationships cannot be reliably established with small sample size, but 

because of our design, the small sample size encouraged deep, naturalistic analysis of the 

quantitative portion of this study. This defined the results on an individual basis better 

than a much larger sample could by explicitly linking results to individual experience.  

Other potential limitations were optometric exam bias, problematic TBI rating, 

chronic dysfunction stage, methodological artifacts, and self-reported history. These 
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limitations and the methods chosen to limit the impact of those are given below. 

Optometric exam bias represents the clinician’s expectation of dysfunction based 

on the participant’s history.  To eliminate this bias, the optometrist was blind to the 

participant’s detailed history until the screening exam was complete. 

Inability to rate TBI was another limiting factor. Clinicians rate TBI as mild, 

moderate or severe. Multiple conferences and expert opinions (DOD, MACE, IMPACT) 

have convened in the past decade but TBI rating is still problematic even in clinical 

settings.  Therefore, it was not reasonable to attempt to classify the participants based on 

severity of TBI using a self-report in a non-clinical setting.  Many studies classify TBI 

effects, interventions, and outcomes in terms of TBI severity.  This is a potentially 

limiting factor when comparing results with other evidence since we will not be able to 

report the relative contribution of severity on the resultant academic experience.   

Long term, chronic dysfunction stage of our participants was another potential 

limitation to comparability. Most of the research conducted at the VA and DOD facilities 

was with participants much closer to the time of their blast exposure.  Our participants 

were significantly symptomatic even up to eight years after the blast exposure.  Little 

research has been conducted in this long-term area of persistent symptoms related to blast 

exposure (Cernak & Noble-Haeusslein, 2010; Cifu, Cohen, Lew, Jaffee, & Sigford, 2010) 

so this limitation was also informative. We considered this in the interpretation of the 

results and comparison with previous studies. 

This project lacked the resources to compare a control group throughout every 

phase of the study. This could have increased the likelihood of theoretical methodological 
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artifacts like the Hawthorne effect��7DVKDNNRUL�	�7HGGOLH���������+DQGERRN�RI�PL[HG�

PHWKRGV�LQ�VRFLDO�	�EHKDYLRUDO�UHVHDUFK��6DJH�. However, triangulating multiple 

subjective and objective measures and comparing with known population data served to 

nullify the impact thereof. 
Another potentially limiting factor was the use of self-reported history. Much of 

the previous research in this area has occurred in clinical settings where medical records 

were available.  Since these were not available in the academic setting, there was a higher 

reliance on self-reported history. This was of particular concern because the participants 

were being asked to report on events that are known to cause amnesia and have low 

initial identification rates because many do not seek care. This is an unavoidable 

limitation without access to medical records. However, several procedural safeguards 

minimize the effect of this limitation. Correlation of historically blast associated visual 

dysfunction in cases that meet screening criteria in medical record supported research 

populations lends some merit to the screening procedure used. 

Medical records were available to most researchers who conducted similar 

published studies. With access to medical records, researchers were able to use third-

party evaluations contained therein to categorize participants. This factor necessitated 

that we rely on self-report to a greater degree. This limited comparison with similar 

studies in clinical settings because of this study’s inability to similarly categorize. 

However, vision therapy is used in other disciplines and situations that may or may not 

have full medical record access. For these reasons, our participant selection did not 

depend on TBI diagnosis or even prior medical treatment but simply exposure to a blast 

force. This modeled a system for considering medical definitions and implications but 



Texas Tech University, Melanie Kalene Meeks, May 2014 

23 

stepping outside those for identification of students who may be suffering from post 

concussive symptoms. From an educational perspective, this may have implications 

beyond the original intent of the study.  

Delimitations 

Several aspects of the study’s design delimited the participant population and 

setting. The design delimited participation to those within 50 feet of a combat blast event. 

Concussive injuries from accidents or other causalities were not included. Additionally, 

the study delimited participation to those who served in the Iraq War. This does not 

necessarily represent unique etiologies particular to that war, but potentially grouped the 

injuries closer together in time frame to minimize longitudinal changes that are part of the 

natural history of the injury. 

Additionally, the study was conducted at a southwest public university where the 

population may or may not be representative of the broader public. Results were 

compared with similar studies in different locations so the degree of homogeneity, or lack 

thereof, could be estimated. 

Significance of the Study 

Recent military conflicts have produced an unprecedented number of vision 

related injuries due to the use of improvised explosive devices (IEDs) on the battlefield. 

Huhn (2012) reported that 13% of all service members who were disabled during 

Afghanistan or Iraq conflicts have some type of visual injury. In addition to open eye 

injuries, data suggested that there were a significant number of veterans suffering from 

mild to severe visual dysfunction caused by traumatic brain injury (TBI), accounting for 
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the nearly 200,000 estimated veterans with deployment related traumatic eye injury 

(Huhn, 2012). 

The National Defense Authorization Act (NDAA) of 2008 firmly established 

visual impairment as a priority funding area for the Department of Defense (DOD) and 

Veterans Administration (VA) (NDAA, Public Law 110-181, and Section 1623).  That 

law highlighted problems within the military's disability system and required an 

evaluation and report of recommendations for improvement of that system. One of the 

goals of this evaluation was strong case management and advocacy and expectation 

management (Department of Defense, 2008). In accomplishing this goal, a careful 

evaluation of whether current training paradigms are meeting veteran’s expectation and 

providing positive functional outcomes was necessary. In 2009, the Vision Center for 

Excellence identified several major gaps in research. One of those was inadequate vision 

rehabilitation strategies and quality of life measures and this was listed as a major topic 

area for that announcement year. This is also a major priority area for the U.S. Army 

Medical Research and Material Command (USAMRMC) yet a high percentage of these 

veterans are discharged into communities and onto college campuses without ever having 

sought treatment for blast-related TBI and associated visual problems. This population 

represents an estimable potential benefit to rehabilitative, educational, and clinical 

research communities who embrace the challenge of meeting the unique social, 

emotional, and physical needs of this cohort of veterans. 

Assumptions 

Vision therapy is an established implement for improving visual function. This 
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study sought to apply the precepts of vision therapy to a unique paradigm but an 

assumption the value of vision therapy for improving reading related visual function was 

a provisional starting point. This assumption captures two underlying assumptions 

embodied in a significant literature review that will follow in chapter II. The first was the 

connection between eye function and reading ability. The second was the relationship 

between reading ability and academic success. In total, the following three assumptions 

guided the creation of the study. 

1. Vision therapy improves visual function.

2. Improved visual function results in improved reading ability.

3. Improved reading ability results in improved academic

outcomes.

First, it was assumed that vision therapy improves visual function since decades 

of research supported this principle (e.g. Alvarez, et al., 2009; Armbruster et al., 2003; 

Bonilla-Warford & Allison, 2004; Bowman, 2002; Ciuffreda, 2002; Gallaway & Boas, 

2007; Snow et al., 1998; Underwood et al., 1990). The AOA takes a consistent 

organizational stand for the use of vision therapy to improve visual function (American 

Optometry Association, 1996). 

Secondly, improvement in visual function results in improved reading ability. 

Research on the relationship between eye function and reading dated back to the late 

1800’s. Empirical evidence specific to this study’s population was obtained in university 

students by predicting reading comprehension based on associated eye movements and 

fixations (Underwood, Hubbard, & Wilkinson, 1990). Inverse to the former evidence, 
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damage or injury to eye function results in decreased reading ability (Brahm, 2009; 

Goodrich et al., 2007; Goodrich et al., 2013; Stelmack et al., 2009). Numerous other 

studies have delineated the role of vision efficacy in reading speed and comprehension 

(Dimigen, Sommer, Hohlfeld, Jacobs, & Kliegl, 2011; Nuthmann & Kliegl, 2009; Snow, 

Burns, & Griffin, 1998; Snowling & Hulme, 2005; Underwood, Hubbard, & Wilkinson, 

1990). 

Few would argue whether reading is related to academic success. Numerous 

studies have provided rationale for this assumption. For instance, Ganz & Ganz (1988) 

identified reading as a major factor in predicting success in a community college. The 

larger body of research relating reading to academic success was with school-aged 

children so limited inference can be made. Even so, the universally high improvement 

rates across categories suggest the correlation is strong. In one example, a large 

randomized study demonstrated marked improvement in children’s reading after vision 

therapy in virtually every category (Atzmon, Nemet, Ishay, & Karni, 1993).  

Additionally, the literature has substantially linked improvement in visual 

function with educational benefits directly (Bonilla-Warford & Allison, 2004; Carvelho, 

Allison, Irving, & Herriot, 2008; Nation, 2009; Orfield, 2008; Press, 2007; Snowling & 

Hulme, 2005). Thus, the relationship as depicted in figure 1.2. The American Optometry 

Association (AOA) contends that visual skills are related to learning, in general, a feature 

related to the fact that the eyes, visual pathways, and brain all comprise the visual system 

(American Optometry Association, 1996). 
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Figure 1.2. Assumptions based on prior research. 

Lastly, while it was assumed that vision therapy has the ability to improve eye 

function in the situations where it has been tested, that presumption may not apply to the 

population or setting that is the focus of this study.  

Organization of the Study 

      This study followed a pragmatic path for telling the story of this cohort of veterans 

and outlining an intervention. This project was written with minimal discipline specific 

explanations so that any stakeholder in the lives of student veterans could understand and 

interpret the results. However, supplementary, discipline specific data was incorporated 

into the appendix for the review of interested professionals. 

Chapter I described the research questions and development of the conceptual 

framework. It also described conceptual terms, additional terms, abbreviations, 

limitations and significance of the study. Chapter II traces a broad range of literature to 
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describe the necessary background knowledge associated with the project. Chapter III 

outlines the methodology including restatement of questions, hypothesis, participant 

recruitment and selection, screening, instruments, procedures and data interpretation. 

Chapter IV describes the data collection in detail and summarizes the results and Chapter 

V discusses the project results in detail. 

In the future, research should focus on longitudinal studies to address the efficacy 

of these interventions at promoting degree attainment in veterans with a history of blast 

exposures with resulting visual impairment or an equitable long-term outcome. 

Additionally, civilian implications of this research should be explored due to the 1.5 

million civilian reported TBI cases in the United States every year with 80,000-90,000 

having long-term disability because of their injuries (National Center for Injury 

Prevention and Control, 2003).  
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CHAPTER II 

LITERATURE REVIEW 

Introduction 

This chapter reviewed the interconnected body of research germane to veterans 

with vision injuries related to combat blast exposure. This review spanned several 

disciplines. In doing so, a picture emerged of a radical shift that is occurring in the 

research and clinical practice of caring for these veterans and many fields influenced by 

this research. The purpose of this review was to provide a background understanding of 

the transdisciplinary research involved in this project and provide a rationale for the 

choice of screening, intervention and outcome measures. 

The history of brain injury and sensory rehabilitation research is inseparable from 

that of veterans. War cohorts of the past have presented extraordinary numbers of 

subjects with similar injuries and historical efforts to meet their needs have both guided 

and informed the development of expansive bodies of research. This is most apparent in 

areas of disability research like sensory impairment, which rests on a foundation built by 

veteran research.   

Veterans of the Iraq war era have experienced unprecedented traumatic brain 

injuries related to blast exposure as well as the many visual sequelae that are associated 

with these injuries. These visual injuries may jeopardize student veteran’s success in 

academia due to the reading difficulties associated with this type of injury.  

Visual training techniques exist that teachers, eye professionals, and individuals 
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have used to rehabilitate this type of visual dysfunction. These visual training techniques 

are used for visual dysfunctions related to brain injury and improving reading and 

academic performance. These techniques are also useful for concussion related learning 

difficulties in children as well as learning disabilities (American Optometric Association, 

1996). 

The visual dysfunctions that were the focus of this study do not typically result in 

blindness, but in pervasive functional vision deficits. Vision therapy are used by 

occupational therapists, low vision therapists, and optometrists to improve functional 

vision.  

The field of low vision is experiencing an epistemic shift, which is closely linked 

with recent breakthroughs in the understanding of the brain science as well as the influx 

of veterans with type of visual injuries who can benefit from this type of intervention. 

Still, some argue that there is not sufficient research to guide evidence based practice and, 

in some circles, there is a general call for more research (American Academy of 

Pediatrics, 2009). Because of this rapidly expanding body of knowledge, the care for the 

wounded veterans of this war cohort has improved. Moreover, immeasurable civilian 

benefit continues to be the hallmark of veteran research.   

Historical Perspectives 

Veterans in Brain Injury and Sensory Rehabilitation Research 

The history of brain injury and sensory rehabilitation research is inseparable from 

that of veterans. War cohorts of the past have presented extraordinary numbers of 

subjects with similar injuries and historical efforts to meet their needs have both guided 
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and informed the development of expansive bodies of research. With every military 

conflict, legislators have struggled to meet the needs of wounded veterans. In doing so, 

funding and interest was generated which shaped research in many fields. While most of 

the veteran's legislation was aimed at providing benefit to veterans, the resulting research 

and disability insight has provided inestimable civilian benefit as well. 

The first United States wounded veteran's bill was passed in 1636 in the Plymouth 

colonies and provided a pension for soldiers wounded in defending against Indian attacks 

on the colonies (Department of Veterans Affairs, VA History in Brief, n.d.).  Later 

military facilities and charitable organizations cared for World War I (WWI) veterans 

until the advent of an exclusive veteran's medical system in 1930 (Bledsoe, 1997). World 

War II (WWII) veterans entered the service on a conscription system that guaranteed 

medical care for life. Since there were so many blinding injuries during this war, vision 

rehabilitation became a priority (Levinsky, 1986). President Franklin D. Roosevelt 

extended a commitment to their care and said “No blinded servicemen from WW II will 

be returned to their homes without adequate training to meet the problems of necessity 

imposed upon them by their blindness" (quoted in "History of blind," 2010). In 1948, the 

VA opened the first blind rehabilitation center at Hines, Illinois (Bledsoe, 1997). This 

center offered inpatient comprehensive blind rehabilitation and was the first of its kind in 

the country (Bledsoe, 1997). 

Modern orientation and mobility (O&M) techniques are an example of the vision 

rehabilitation techniques honed at the Hines center under the directorship of Richard 

Hoover, an experienced teacher of the blind (Wiener & Siffermann, 1997). He has been 
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called the father of modern O&M  because he promoted a method of cane travel that is 

not unlike the methods currently used. He developed the foundations of modern cane 

travel at the Valley Forge Army Hospital and brought it over to the Hines Blind 

Rehabilitation Center. Staff from the Hines Center later started 12 of the 14 original 

university O&M training programs around the country (Bledsoe, 1997). This is one 

example of a professional field built on veteran research. O&M developed at the VA and 

is now a well-established part of the education of the blind, with context even in 

minimally developed regions around the world (Neustadt-Noy & Lagrow, 1997).  

The research and development aspect of veteran care continued to develop during 

the Vietnam War. The unique constellation of injuries from the Vietnam veterans 

presented new challenges. Among a host of other injuries, this cohort suffered from post-

traumatic stress disorder (PTSD), Agent Orange exposure, and traumatic brain injuries 

(Williams, 2008). Historical measures were taken to identify and study the issues related 

to this war cohort including the Vietnam Head Injury Study (VHIS), which was a 

longitudinal study of head injuries that provided a foundation for hundreds of significant 

papers in the fields of neuropsychology, neurosurgery, psychiatry, neurology, 

neuroimaging, education, and rehabilitation (Raymont, Salazar, Krueger, & Grafman, 

2011). Researchers wrote hundreds of papers based on this data including landmark 

contributions to multiple disciplines. 

Veterans on Campus 

The United States Government created educational benefits for veterans during 

the WWII era. The Servicemen's Readjustment Act of 1944, commonly known as the 
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veteran's Bill of Rights, introduced college tuition benefits to the veteran population; this 

was the original GI Bill (Humes, 2006). The government created the bill due to public 

concern over the deluge of service members returning from war to a struggling economy 

(Humes, 2006). 

     This educational benefit produced 14 future Nobel Prize winners, 2 Supreme Court 

Justices, 3 Presidents, a dozen senators, 24 Pulitzer Prize winners, 238,000 teachers, 

91,000 scientists, 67,000 doctors, 450,000 engineers, 240,000 accountants, 17,000 

journalists, 22,000 dentists, and millions of other degreed professionals including 

lawyers, nurses, businessmen, artists, actors, writers, and pilots (Humes, 2006). In 1988, 

a congressional subcommittee conducted a cost-benefit analysis of this investment in the 

original GI Bill. They determined that U.S. taxpayers had received $6.90 for every $1 

invested in the GI bill by increases in economic growth and taxes (as cited in Humes, 

2006). The government continues this investment, spending $10,424,615,000 on 

education & vocational rehabilitation in 2012 alone (National Center for Veterans 

Analysis and Statistics, 2013). However, this educational investment is in jeopardy due to 

the vision issues associated with blast injuries that will be discussed later in the chapter.  

Veterans of Iraq and Afghanistan 

The United States fighting force that participated in OEF and OIF was unique 

because this was the first time in history that an all-volunteer force conducted combat 

operations lasting over ten years (Tanielian, T., Jaycox, 2008). Additionally, the 

economic environment of the time put strains on the resources available so ongoing 

combat required truncated rest periods between deployments. The result was 37% of 
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soldiers deploying at least twice (Tanielian, & Jaycox, 2008). Many of these had less than 

the minimum two-year recovery period between deployments (Litz, & Schlenger, 2009). 

These combat fatigued soldiers encountered a battlefield laden with IEDs that dealt 

unprecedented polytraumatic wounds (Lew et al., 2007).  

Widespread use of improvised explosive devices (IEDs) during these conflicts 

caused unique and profuse injuries (Lew, et al. 2007). Polytrauma is a term that has 

gained mainstream usage in association with this population. It describes the wounds, 

typically IED inflicted, that are multiple, severe, and prevalent in this war cohort.  

Successes in traumatic injury care and improved body armor resulted in more 

soldiers surviving their wounds compared to past wars (Dismounted Complex Blast 

Injury Task Force, 2011; Lew, 2007; Ling, Bandak, Armonda, Grant, & Ecklund, 2009). 

Ninety percent of soldiers injured in OEF and OIF survived their injuries, compared to 

survival rates in WWII and Vietnam of 70% and 76% respectively (Brahm, et al., 2009). 

The prevalence of IEDs and the advances that promoted trauma survival resulted in a 

record volume and complexity of wounded soldiers returning from this combat theater 

(Lew et al., 2009; Sayer et al., 2009).  

Combat blast exposure, like that inflicted by IEDs, often causes brain injury. 

Traumatic Brain Injury (TBI) has been termed the signature injury of the Iraq and 

Afghanistan conflicts (Cockerham, 2009). The DOD, Armed Forces Surveillance Center 

Report (2012) indicates that from 2000-2010, there were 245,000 patients with diagnosed 

Traumatic Brain Injuries (85% from mild concussions) worldwide in military medical 

facilities.  
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It has been well documented that undiagnosed, chronic vision problems are 

commonly seen secondary to traumatic brain injury (e.g., Capó-Aponte et al., 2012; 

Clarke, 2005; Conrad, 2011; Department of Veterans Affairs, 2010; Dougherty, 

Macgregor, Han, Heltemes, & Galarneau, 2011; Suter & Harvey, 2011; Suchoff & 

Ciuffreda, 2004). Awareness of these visual issues has prompted the VA and DOD to 

issue a standardized requirement that those diagnosed with TBI receive specialized vision 

care. However, this was not part of the regular treatment of TBI in military medicine until 

2009. By this time, many OEF and OIF combat veterans had been discharged and 

returned to communities without awareness of a potential visual impairment.  

TBI Diagnosis and Nomenclature  

Traumatic brain injury was the leading mechanism of injury in the OEF and OIF 

conflicts. Additionally, it is also the leading cause of disability in the United States 

resulting in an estimated loss of 56 billion dollars per year (Thurman, Alverson, Dunn, 

Guerrero, Sniezek, 1999). TBI is classified as mild, moderate or severe but categorical 

definitions of TBI have historically varied according to the purpose of the evaluator 

(Ashley, M., Krych, 1995). A combat medic with the need to determine safety of 

returning to combat will inherently differ from that of a sports coach for determining 

return to play (RTP) status in a high school football player. Similarly, an emergency 

room doctor with the need to assess morbidity will not define TBI the same as a 

rehabilitation therapist concerned with long-term functional outcomes.   

The Glasgow Coma Score (GCS) is a scale used in the clinical setting to define 

the depth of coma (Silver, McAllister, & Yudofsky, 2011). TBI severity ratings have 
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been based on GCS score in the past but these do not correlate well with long term 

outcomes (Ashley, M., Krych, 1995). Defining traumatic brain injury (TBI) has been a 

major hurdle for scientists, clinicians, and leaders. Additionally, features of TBI in the 

military context present significant challenges to data collection and preservation 

(Traumatic Brain Injury Task Force, 2008) 

Mild traumatic brain injury (mTBI), also called concussion, is the most common 

level of TBI. The DOD reported 273,859 TBIs from 2000 to 2013 with 225,718 (82.4%) 

classified as mild (Defense Meidcal Surveillance System, Theater Medical Data Store, 

2013). Estimates of civilian TBIs are 1.7 million people per year (Langlois, Rutland-

Brown, & Thomas, 2004) with 75% of those classified as mTBI (Centers for Disease 

Control, 2003).  

Mild TBI represents a particularly gray area in TBI classification. Dr. Harvey 

Levin (1989) edited a foundational text on the subject that documented the difficult 

decision-making required to manage mTBIs (Jennett, 1989). This text indicated that less 

than 1% of mTBIs developed into the worst-case scenario, which is intracranial 

hematoma, and, in fact, most mTBIs would resolve on their own. From this perspective, 

it was noted, using advanced imaging or hospital admission for mTBI is often a waste of 

resources. However, with the diagnostic criteria of that time, mTBIs (or those classified 

as mild on admission) comprised 72% of compressed fractures, 30% of major intensive 

care unit (ICU) complications, 30% of cranial surgery, 48% of patients who were 

hospitalized over a week and 43% of patients who were in vegetative states or severely 

disabled on discharge (Jennett, 1989). Improvement in the classification of TBI, which 
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became a priority even prior to the influx of OIF veterans, was clearly as much a matter 

of efficacy as it was clarity between disciplines (Department of Veterans Affairs, 2009; 

MHS Office of Strategic Communications, 2012).  

Awareness of TBI has summoned collaborations of civilian, military and VA 

experts in various disciplines. These include rehabilitation, trauma, epidemiology and 

sports medicine (McCrory et al., 2009; Brenner, Vanderploeg, & Terrio, 2009; Carroll et 

al., 2004; Department of Veterans Affairs, 2009; Hicks, Fertig, Desrocher, Koroshetz, & 

Pancrazio, 2010; McCrory et al., 2009; National Center for Injury Prevention and 

Control, 2003; Sigford, Cifu, & Vanderploeg, 2009). However, assessment still varies by 

discipline and purpose. The VA and DOD have recently settled on a definition for rating 

TBI as well as re-evaluating clinical assessment protocol based on recent findings 

(Department of Veterans Affairs, 2009). Significant strides have resulted from the recent 

interest in TBI including those that show an association between TBI and depression 

(Seel, et al., 2003) ; TBI and PTSD (Brenner et al., 2009; Bryant, 2008; Hicks et al., 

2010; Sigford et al., 2009; Veterans Health Administration, 2010)and TBI and visual 

impairment (Brahm et al., 2009; Capó-Aponte et al., 2012; Goodrich, Kirby, Cockerham, 

Ingalla, Lew, 2007; Kingston et al., 2010; Sayer, et al., 2009; Stelmack, Frith, Van 

Koevering, Rinne, & Stelmack, 2009; Suh, Kolster, Sarkar, McCandliss, & Ghajar, 

2006). Screening for the presence of depression, PTSD, and visual impairment are now 

part of the DOD and VA protocol for TBI care (Department of Veterans Affairs, 2009). 

Furthermore, the DOD has expanded cognitive testing to include pre-deployment 

baseline data that promises to yield unprecedented longitudinal data in the future (Terrio, 
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Brenner, & Ivins, 2009). 

A collaborative VA/DOD report noted the expectation that mTBI symptoms 

would resolve within a few months in most people and only a minority of those would 

experience post concussive symptoms for longer than six months (Department of 

Veterans Affairs, 2009). However, some research suggests that a higher percentage of 

people with exposure to blast injuries may experience prolonged symptoms (Kennedy, 

Leal, Lewis, Cullen, & Amador, 2010). 

Still lacking  is a clear expectation of symptoms and resolution from mTBI, 

especially in cases with multiple blast injuries (Lew et al., 2009). Second impact 

syndrome is a rare occurrence where a person who has experienced a TBI is subsequently 

victim to a second TBI within the first few weeks. The results are devastating and often 

result in death (Journal of Neurosurgery Publishing Group, 2013; McCrory et al., 2009). 

This suggests a vulnerability to brain injury during the recovery period. However, it has 

been reported that some platoons were exposed to as many as 1000 blasts during two 

years of deployment (Lawson, Rupert, & Legan, 2012).  

Blast Associated Traumatic Brain Injury 

Non-penetrating injuries associated with blast forces were recognized soon after 

the Napoleonic wars and it was speculated that these were due to excess airwaves alone, 

an injury known as barotrauma (Singer, 2008). Early military accounts of soldiers who 

collapsed while firing cannons were also likely injured due to primary blast forces 

(Singer, 2008).   

This complex form of TBI still remains to be well understood (Kingston et al., 
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2010). On post battlefield surveys, some soldiers indicated that they were sometimes 

exposed to multiple IED blasts in a single day (Singer, 2008; Edge & Buchanan, 2010; 

Phillips, D. 2010). Animal research has demonstrated the deleterious effects of additive 

blast exposure (Stuhmiller, Phillips, & Richmond, 1991). However, almost nothing is 

known about such cumulative effects of multiple blast forces to the human brain though 

research is quickly emerging (Cernak & Noble-Haeusslein, 2010; Ling et al., 2009; 

Magnuson, Leonessa, & Ling, 2012; J. a Stelmack et al., 2009; Stuhmiller et al., 1991). 

Blast Injury Research  

Improvised Explosive Device injuries were responsible for the majority of 

wounds in OIF and OEF (Defense Medical Surveillance System, 2012; Hicks, 2010). 

Penetrating explosive particles are a component of IED injuries that often cause massive 

damage (Lew et al., 2007) but in this project our focus is TBI and related visual 

dysfunction. The term traumatic brain injury, in this manuscript, is defined in the same 

way that it is in describing a head injury caused by a blow to the head during a sports 

injury or car accident. In civilian accidents, this typically results in brain damage caused 

by the acceleration and deceleration and consequent striking of the brain on one side of 

the skull and then rebounding striking the opposite side of the skull, causing injuries 

known as coup and contra coup (Ling et al., 2009). However, exposure to a blast can 

cause brain injury even without a blow to the head or penetrating injury (Hicks et al., 

2010). 

Blast injuries are described as primary, secondary¸ tertiary, or quaternary (Ling et 

al., 2009; J. a Stelmack et al., 2009; Taber, Warden, & Hurley, 2006). Primary blast 
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injury is the result of the pressure wave alone, while secondary blast injury is from 

particles propelled by the blast (DePalma, Burris, Champion, Hodgson, 2005; Hicks, 

2010; Moore & Jaffee, 2010). Tertiary blast injuries are the result of the victim being 

thrown into an object or the ground while quaternary injuries result from secondary 

exposure like smoke or toxins resulting from the blast (DePalma, Burris, Champion, 

Hodgson, 2005; Hicks, 2010; Moore & Jaffee, 2010). Blast injuries inflicted by the 

manufactured munitions of previous wars tended to cause more secondary or penetrating 

injuries, whereas IED injuries in OIF and OEF were often the result of the primary blast 

wave alone (Hicks, 2010). 

The pressure wave from primary blast injuries can inflict TBI from exposure to a 

blast as far away as 50 feet (Hicks, 2010). Researchers have proposed several models for 

understanding primary blast injuries but still debate the exact etiology (Defense Medical 

Surveillance System, 2012; Hicks, 2010). 

The damage inflicted by blast injury is the result of a complex mixture of high-

energy forces (Ling, et al., 2009; Moore & Jaffee, 2010). Improvised explosive devices 

produce extremely high levels of energy in the form of heat, light, sound, pressure, and 

electromagnetic forces, any one of which has the power to cause neural damage 

(DePalma, et al., 2005). Potentially brain damaging electromagnetic charges, which are 

strong enough to foul nearby electronic equipment, are also emitted from the detonating 

devices of some IEDs (Singer, 2008).   

Understanding how the high-energy forces emitted during a blast interact with the 

human brain is critical to rehabilitating and potentially preventing them (Moore & Jaffee, 
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2010). Researchers have widely studied how these forces enter and interact with the 

human body giving the most focus on the air pressure, or barotrauma, as the energetic 

means of injury (DePalma, et al., 2005). A brief consideration of these studies is relevant 

to understand the current state of science and how far into the future it is likely to carry 

scientific understanding. 

The route (how it enters the body) and mechanism (how it inflicts neuronal 

damage) are mechanisms that have been scrutinized (Ling et al., 2009; Moore & Jaffee, 

2010). Researchers have proposed neuronal shearing, a form of cell disruption caused by 

a twisting force, as the mechanistic result of the blast waves entering directly through the 

ocular and sinus cavities (Moore & Jaffee, 2010). However, Cockerham et al. (2011) 

found no reduction in closed-eye injuries even when the eyes were protected with 

ballistic goggles. This suggests the route may not be straightforward.   

� Another theory of blast injury mechanism is volumetric vascular surge caused by 

the sudden pressure change in air-filled organs within the torso when the blast wave 

enters that part of the body (Dismounted Complex Blast Injury Task Force, 2011). This 

theory suggested that the pressure change forces abdominal vascular contents upward. 

This is supported by Stuhmiller et al. (1991) who wrote that research and clinical 

observation detected vasospasms, which could be induced by this blood surge. Cerebral 

vasospasm results in inefficient removal of waste and delivery of oxygen, which is the 

theoretical definitive insult at the cellular level (Cernak & Noble-Haeusslein, 2010; Ling 

et al., 2009; Magnuson et al., 2012; McNamee, 2008). Support for this theory is garnered 

by the experimental and in vivo reduction in TBI symptoms when the torso was protected 
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during blast exposure (Dismounted Complex Blast Injury Task Force, 2011). 

Post concussive symptoms, pain, and posttraumatic stress syndrome 

Posttraumatic stress disorder (PTSD), pain, and persistent post concussive 

symptoms (PPCS) have been called the “polytrauma triad” because of the prevalence 

seen in the OEF & OIF polytrauma population (Lew et al., 2009). Posttraumatic stress 

disorder, according to Weinick et al. (2011) is an "anxiety disorder that can develop after 

direct or indirect exposure to an event or ordeal in which grave physical harm occurred or 

was threatened." Persistent post-concussive symptoms are those symptoms typically seen 

directly after a head injury (e.g. headache, difficulty concentrating, irritability) that 

persist past three months post injury (Perna, 2000). The occurrence of PPCS has 

historically been documented to occur in about 15% of people with TBI. Standard brain 

imaging techniques like magnetic resonance imaging (MRI), single photon emission 

computed tomography (SPECT) and computed tomography (CT) have limited ability to 

distinguish PPCS (CT 4.6%, MRI 9%, SPECT 53%) so the etiology of the syndrome 

remains speculative (Perna, 2000). 

The symptoms of PTSD overlap the symptoms of TBI including depression, 

memory deficits, personality changes, and sleep disturbances. This complicates many 

issues related to veterans with this type of injury (e.g. diagnosis, treatment, interpretation 

of behavior)(Lew, et al., 2009; Sayer et al., 2009). Hoge et al. (2008) reported an 

association between TBI and post-traumatic stress syndrome (PTSD) with 44% of OEF 

and OIF soldiers who had experienced loss of consciousness (LOC; a TBI marker) also 

meeting diagnostic criteria for PTSD.   
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 In some cases, PTSD and TBI appear to have an additive effect on the occurrence 

of depression. PTSD occurring with TBI has a higher occurrence of depression than 

PTSD without TBI (Verfaellie, Amick, & Vasterling, 2011). Minor impairments in 

response inhibition and attention regulation prior to trauma exposure may be risk factors 

for the development of PTSD according to Aupperle, Melrose, Stein, & Paulus (2011), 

and relate to the severity of symptoms if PTSD is developed. 

 Research suggests a difference in the longevity of post-concussive symptoms in 

blast exposure relative to other sources of TBI (Lew, et al., 2009). This research 

compared 66 soldiers with Iraq deployment related TBI, 38 of which were combat 

(mostly blast) related and 28 were from other causes (e.g. falls, motor vehicle accidents). 

The group was given a 13-item post concussive inventory at two years post injury. The 

combat TBI group had significantly higher symptoms at two years post injury and 

comparisons were significantly higher for the combat group in 4 categories: sensitivity to 

light, visual impairment, sleep disturbances, and PTSD. There was no indication of 

whether the individuals had combat or non-combat military occupational specialties and 

this could have been a confounding variable. Presumably, combatants would have 

experienced greater trauma with a resultant increased group incidence of PTSD. Since 

sleep disturbances are common to PTSD and TBI, the combat group would also 

experience increased group rate of sleep disturbance. Additionally, visual disturbances 

are comorbid in PTSD and TBI, so these categorical differences could also result from 

comorbidity (Trachtman, 2010). If the combat concussion group was primarily 

combatants and the other concussion group was primarily noncombatants, then the 
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categorical differences could be attributable to PTSD rather than blast-related 

concussions. 

New Resources Available to the OEF and OIF Cohort 

There are several unprecedented aspects of combat recovery that are available to 

this cohort of veterans. The state of human knowledge has made significant epistemic 

strides in the last decade. This is at least partially attributable to free and fast information 

exchange, transdisciplinary cooperation, and improved imaging techniques, which have 

seen significant developments in the last few years. 

The maturity of electronic information distribution has promoted a 

transdisciplinary atmosphere because people tend to be less academically isolated in their 

schools of thought. The acceptance of neuronal plasticity, now commonly called 

neuroplasticity, and resulting shift toward reparative techniques has undoubtedly also 

benefitted from this new information paradigm.  

Acquisition of knowledge about the brain as well as the modern approach to care 

for brain injury and insult has been propelled forward by improvement in imaging 

technology. Remarkably, researchers are now able to map the human brain down to the 

single neuron (Azmitia, 2007). This high-resolution imaging will provide this generation 

with unprecedented opportunities for sorting out the visual processing pathways that 

contribute to these eye dysfunctions and recording how rehabilitation revamps altered 

routes. 

Furthermore, Iraq war veterans are the first combat veterans in history to have 

access to technology that can allow them to visualize and repair anomalies of cognition. 
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Functional magnetic resonance imaging (fMRI), which used to take days to analyze, now 

has powerful software that can analyze scans in real time. This research is examining the 

use of this real time biofeedback to help individuals harness their own neuroplasticity for 

cognitive repair in TBI and PTSD (DeCharms et al., 2005; Dismounted Complex Blast 

Injury Task Force, 2011; Halbauer et al., 2009; Lew, et al., 2009; Moeller-Bertram, 

Keltner, & Strigo, 2012; Simmons & Matthews, 2012). 

Additionally, the creative application of these technologies has coupled 

transcranial magnetic stimulation (TMS) with fMRI to stimulate one part of the brain 

(e.g. frontal lobe) and measure change in another part (e.g. visual cortex) (Ruff, et al., 

2003). Researchers have visualized functional interactions between brain regions using 

this technique. This tool is changing how functional areas are conceptualized. The use of 

fMRI and TMS combination has become a model, almost overnight, to study the 

relationship between cognition and behavior. The same technology has demonstrated the 

ability to predict depression recovery (Auer, Schwarcz, Horváth, Barsi, & Janszky, 2006; 

Levin, 2006); Alzheimer’s onset (Levin, 2006); attention deficit hyperactivity disorder 

(ADHD) diagnosis (Sidhu, Asgarian, Greiner, & Brown, 2012); which offenders will 

repeat (Pujara, Motzkin, Newman, Kiehl, & Koenigs, 2013); or which child will improve 

math scores from tutoring (Supekar et al., 2013). Likewise, similar technology has been 

used to visualize the brains of those with traumatic brain injuries undergoing vision 

therapy. These images rendered confirmation of increased neuronal recruitment as well as 

improved structural connectivity (Vicci et al., 2009). The last few unprecedented years 

have produced revolutionary neurological research like these at an inconceivable pace. 
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This multidisciplinary exchange and recent proliferation in technology has given 

wounded veterans resources that promise   improvement in outcomes. This war cohort 

will not have to live their lives with the intractable consequences of traumatic 

experiences like neurological visual impairment, PTSD, and phantom pain.  

TBI Associated Visual Dysfunction  

The visual sequelae associated with blast injuries was not well documented prior 

to the OIF conflict (Bulson, 2012). One reason for this is that surviving soldiers who had 

blast exposures prior to this conflict either failed to survive or had penetrating injuries 

which complicated analysis (Brahm et al., 2009). Additionally, prior to this conflict, brain 

imaging technology had not reached the level of sophistication that provided researchers 

with significant insight prior to this conflict (Hunter, Wilde, Tong, & Holshouser, 2012). 

The prevalence of visual injuries associated with blast injuries began to appear in reports 

early in the OIF era and investigators have extensively studied these since that time (e.g. 

Brahm et al., 2009; Capó-Aponte et al., 2012; Clarke, 2005; Cockerham et al., 2009; 

Dougherty et al., 2011; Goodrich, Kirby, Cockerham, Ingalla, & Lew, 2007; Lew, et al., 

2006; Sayer et al., 2009; Sigford et al., 2009; Stelmack, et al., 2009; Suh, et al., 2006; 

Taber et al, 2006; Tong, Meng, & Blake, 2006; Veterans Health Administration, 2010). 

Since most of these visual dysfunctions are not apparent on a basic vision exam, many 

veterans may have been discharged without diagnosis (Capó-Aponte et al., 2012; Lew, 

2007). 

Several projects agree that 75% (+- 1%) of OEF and OIF soldiers with TBI or 

presumptive TBI, have self-subjective visual symptoms (Brahm et al., 2009; Capó-
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Aponte et al., 2012; Cernak & Noble-Haeusslein, 2010; J. a Stelmack et al., 2009). 

Researchers at the Portland Polytrauma Center reported that the most common visual 

symptoms associated with TBI included blurred vision (67%), photosensitivity (50%), 

and accommodative problems (40%)(Bulson, 2012).   

Cockerham et al. (2009) reported cataracts in 6% of blast-exposed patients, and 

corneal scars in 12%. Researchers confirmed similar ocular consequences using animal 

models as well as axonal degeneration, and retinal damage in response to blast exposure 

without penetrating injury. This suggests exams should screen for scotomas (blind spots), 

cataracts, and retinal detachment (Hines-Beard et al., 2012; Stelmack et al., 2009) 

Specific tests are available to diagnose these dysfunctions but they are not part of 

the standard eye exam although brain injury and visual disturbances are intrinsically 

related (Suter & Harvey, 2011). The brain and visual system share many fundamental 

aspects including embryological history; as well as circulatory and nervous supply 

(Helvie, 2011). The function of the brain and the eyes are also integrated; visual 

processing requires up to 50% of the brain, and accordingly, the brain relies on visual 

input above all other senses (Helvie, 2011). The brain controls the coordinated movement 

and integrated function of the eyes (e.g. pupillary response, accommodation, 

convergence). Proximity of location notwithstanding, these features predict a logical 

connection with head injury and visual dysfunction.    

Researchers and clinicians have confirmed the association between TBI and 

visual dysfunction by extensive clinical research and experience (e.g. Brahm et al., 2009; 

Chua, Ng, Yap, & Bok, 2007; Cockerham et al., 2009; Khan, Leung, & Jay, 2008; Lew et 
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al., 2009; Magnuson et al., 2012; Mueller, Poggel, Kenkel, Kasten, & Sabel, 2003; 

Pogoda et al., 2012; Sayer et al., 2009; Stelmack et al., 2009). However, protocols for 

functional vision screening after TBI were not part of regular clinical practice until 

recently; a change resulting from research conducted with soldiers from OIF and OEF ( 

Lew, 2007).     

Clinicians in the VA released a description of these visual dysfunctions in 2007 

(Goodrich, et al. 2007). Later, Brahm et al. (2009) analyzed 68 inpatients and 124 

outpatients with a TBI diagnosis at the VA polytrauma site located in Palo Alto, 

California. Their purpose was to determine the ratio of visual dysfunction. Relatively 

normal acuities were observed in both groups with 77.8% of inpatients and 98.4 % of 

outpatients having 20/60 or better. However, even with these relatively normal acuities, 

many visual dysfunctions that are not obvious on a routine eye exam were present. 

Common visual dysfunctions observed were convergence (42.6%), accommodative 

(39.6%), and visual field defects (32.3%) (Brahm et al., 2009). The prevalence of reading 

difficulty between outpatient and inpatient primary treatment groups was reported at 66% 

to 93% respectively, which accentuates the need for thorough vision screening after TBI 

(Brahm et al., 2009). It is also significant that the TBIs in these groups were caused by 

blast injuries in 84% of inpatients and 90% of outpatients and those with blast-related 

etiology had significantly higher percentages of visual dysfunction. Cockerham et al. 

(2011) investigated closed-eye ocular injuries (those without penetrating injury) in a 

number of veterans and confirmed previous association with blast injuries. This study 

again concluded that TBI of all severities should have a comprehensive ocular exam. 
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They also reported, relevant to our population, that this protocol was lacking before many 

combat troops returned to civilian life (Cockerham et al., 2011).  

Dougherty et al. (2011) confirmed increased visual dysfunction post blast 

encounter in a retrospective cohort study of 2,254 medical records from OIF, also 

stressing the need for more comprehensive exams. Today, it is recognized that visual 

symptoms are such a commonality in TBI that the Kestral Corporation (Albuquerque, 

NM) has proposed that oculomotor dysfunction serve as a neurobehavioral field 

assessment for TBI (Heitger, 2004; Hicks et al., 2010; Kraus et al., 2007).  

The specific visual dysfunctions that were considered were those of neurological 

origin that are associated with blast exposure. These are depicted in Figure 2.1. These are 

referred to as neurological visual impairments and include oculomotor dysfunctions, 

binocular dysfunction, and field defects (Goodrich & Lueck, 2010). 
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Fig. 2.1. Neurological vision dysfunctions associated with blast 

Key Vision Concepts  

A brief discussion of some key vision concepts follows as a guide to 

understanding the optometrist’s findings and implications of the relevant visual 

disturbances. These key ideas are germane to understanding the reports and their 

potential impact on the student. The commonly reported measure of visual function is 

acuity, which only measures the eyes ability to refract light, or focus. The eyes have to do 

a number of functional tasks in order to efficiently deliver visual information to the brain. 

These tasks include eye teaming, accommodation (focus), and tracking. Each of these 

functional areas engages complex interactions that require delicate synchrony between 

the eyes. 

Inside the eye, tiny ciliary muscles that surround and reshape the crystalline lens 
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to change focus (Riordan-Eva & Whitcher, 2008). Accommodation also requires that the 

eyes both be pointed at the object so that an imaginary line drawn from the back of each 

eye would intersect directly on the target. This is the fixation point on the target. If that 

object is close, the eyes will converge to accomplish this. If the object is in the distance, 

the eyes may diverge so that they are pointed straight. This convergence and divergence 

is part of active focusing, so directionality of the eyes is very relevant to visual function. 

Accommodation is measured in terms of diopter (D) power, which is an 

expression of a lenses ability to refract, or bend light. This is the same unit of report used 

for spectacle prescriptions. The higher the diopters (dioptric) power, the higher the power 

of the lens. The power of the natural lens is always positive. Positive lenses are convex 

lenses, and they converge rays of light as opposed to negative lenses, which are concave 

lenses, and they diverge rays of light. The natural lens is a positive lens, and it converges 

the rays of light to bring the focus of light more anteriorly, which is needed when we 

focus at near. 

Small misalignments can have significant impact on visual ability. Strabismus, or 

tropia, is when the eyes are misaligned so that one eye is focused on an object, but the 

other eye is focused in a different direction than that object. If a patient has an eye that is 

pointed out, away from the object, they have exotropia. If a patient has an eye that is 

pointed in, away from the object, they have esotropia. People can also have vertical 

tropias. Phorias are the more common type of alignment errors commonly seen with TBI, 

and are referred to as non-strabismic misalignments. Phorias are a tendency for the eyes 

to turn in or out. They generally only appear when one eye is covered. People who have 
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phorias can stay fused, but their eye muscles have to work to stay in alignment. This can 

cause asthenopia (visual strain). If the person is under great visual strain, their eyes may 

break fusion, and their phoria can turn into an intermittent tropia. Esophoria (EP) is a 

tendency for the eyes to turn in; exophoria (XP) is outward; hypertrophia is upward; and 

hypotropia is in the downward direction. These are often small and not evident to an 

untrained observer. Finally, a small amount of exophoria at near is normal. 

Eyes that are aligned and straight are called ortho. To describe other positions, 

optometrists use a unit of report called prism diopters (PD). Prisms are special lenses 

used to shift the gaze during the exam to neutralize an existing eye turn. Like a pyramid, 

prisms have a base. When placed in front of the eye, prisms shift the light and induce the 

eye to turn in the direction of their apex. The eye turn is then described in terms of the 

amount of prism power needed to move the image location so that the deviating eye is 

looking at the same object as the other eye, and the brain is able to fuse the image from 

both eyes. The base direction (base out, BO; base in, BI; base up, BU; or base down, BD) 

confers the direction of relative eye turn before the application of prism. For instance, 

2PD BI prism moves the eye outward 2 prism diopters, therefore the eye position was 

2PD exophoric (2PD Ex).  

A conceptual understanding of stereopsis and the origin of depth perception is 

also compulsory for understanding the following reports. The brain receives separate 

images from each eye and fuses them into a single, perceived image. The brain actively 

seeks achieve binocularity (from two eyes) image, into a single stereo image. The 

resulting stereopsis is the origin of depth perception. Miniscule differences in the image 
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from each eye provide the raw sensory data the brain uses to calculate depth. If there is a 

disruption of binocular cooperation, whether by alignment, acuity, range, or speed, the 

result is a dissociated (unfused) image, which the person will perceive as double vision.  

The visual processing system has significant capacity to compensate for small 

binocular differences. Differences in alignment or accommodative power between the 

two eyes result in adjustments to maintain focus and fusion. For example, adjustment of 

eye alignment by the muscles surrounding the eye may help to compensate for a 

difference in accommodative power between the two eyes. This is an active process, 

which demands cognitive resources. This may result in the individual feeling overly 

fatigued or frustrated, especially by tasks that require near focus like reading Schmitt 

(2011).  

However, if there is double vision that cannot be resolved, the brain may start to 

ignore one eye’s image, usually from the weaker eye, a phenomenon known as 

suppression. Suppression results in monocular vision, or astereopsis, and conveys a loss 

of depth perception. The perceptual result will depend on the individual. When 

astereopsis is acquired as an adult, it is hypothetically not as impactful as astereopsis 

during development because adults have additional, learned, mechanisms for perceiving 

depth, including light, color, size and texture. For many other reasons beyond the scope 

of this discussion, astereopsis has varying impacts on individual perception.  

Precise binocular teaming performed in perfect unison with rapid accommodation 

is required for accurate visual pursuit tasks like following a moving ball or reading a line 

of text. The eye movement required for the smooth movement of following a ball is 
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called pursuit while tasks like reading also involve visual jumps called saccades. These 

eye movements have been studied extensively since the 1930s for their relevance to 

reading and learning (Rayner, 1998). 

Visual function is a complex and tightly controlled neurological function. Simply 

following a line of text requires precise binocular cooperation, rapid accommodation, and 

accurate saccadic jumps. These brief conceptual descriptions highlight the delicacy of 

vision, which foretells high rates of visual dysfunction following TBI. This opens the 

way for understanding the impact of blast exposure in the cases that follow.  

Visual Function and Reading 

Visual efficiency is a critical skill in reading and includes the ability to see clearly 

(acuity); change focus from far to near (accommodate); fuse images from two eyes into 

one (form stereopsis); smoothly track lines of text; and do all of these things 

simultaneously (binocular teaming) (Orfield, 2008). Because the individual may not 

identify the visual injuries associated with blast exposure, the potential to irrevocably 

damage his or her academic experience is profound. Most of these visual dysfunctions are 

readily remediated through vision therapy and loss of reading efficacy thereby restored 

(Armbruster, B. B., Lehr, F., & Osborn, 2003; Bonilla-Warford & Allison, 2004; 

Ciuffreda, 2002; Orfield, 2008; Press, 2007; Snow et al., 1998; Trudell, 2002; 

Underwood et al., 1990). 

Reading is a skill of great educational significance. Children who develop strong 

reading skills are more likely to experience success in life (Adams, 1990), while children 

who fail to develop reading skills are at risk for academic and behavioral problems 
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(Schenk, Fitzsimmons, Bullard, Taylor, & Satz, 1980), adjudication (Mcgill-franzen, 

1987), and unemployment throughout their life (Maughan, Gray, & Rutter, 1985). 

Furthermore, reading efficacy is one of the strongest predictors of success in college 

(Ganz & Ganz, 1988). 

Identification and amelioration of reading related academic barriers in the veteran 

population has applicability to the wider population. A survey conducted in 2003 by the 

National Adult Literacy Study suggests that 14% of adult respondents in the USA read 

below the first level of literacy skills (e.g., difficulty reading, unable to locate simple 

information in a short passage; Kurtner, Greenberg, Jin, Boyle, Hsu, & Dunleavy, 2007). 

Orfield (2008) describes the loss of visual efficiency in recent generations related to 

excessive computer use and lack of practice at physical sports that build visual efficiency 

(e.g. baseball, ping-pong). Orefield (2008) also emphasized the deleterious impact on 

reading speed and comprehension and suggested vision therapy for improving visual 

efficiency and reading. 

Debate between ophthalmology and optometry has long argued the efficacy of 

vision therapy for reading and learning disorders (e.g. American Academy of Pediatrics, 

2009; American Optometric Association, 2009b; American Optometric Association, 

2009c; Bonilla-Warford & Allison, 2004; Bowman, 2002; Ciuffreda, 2002; Freeman, 

2004; Heilbronner, Sweet, Morgan, Larrabee, & Millis, 2009; Lack, 2010). However, 

relevant research from the fields of optometry (American Optometric Association, 2009c; 

Bonilla-Warford & Allison, 2004; Bowman, 2002; Ciuffreda, 2002; Gallaway & Boas, 

2007), and education (Armbruster et al., 2003; Orfield, 2008; Snow et al., 1998; 
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Underwood et al., 1990) overwhelmingly suggest the efficacy of vision therapy for the 

improvement of visual efficiency.  

Neuroplasticity and Vision Therapy 

"A “sea change” is a transformation of such magnitude that it alters the very 

nature of the subject. Recently, we have experienced such a change in the study 

of neuroplasticity." 

Dr. Dominick Maino,  

Professor of Pediatrics/Binocular Vision Service Illinois Eye 

Institute/Illinois College of Optometry (Maino, 2009) 

Neuroplasticity is the link between brain injury research and the epistemic shift 

that is occurring in vision therapy. This term refers to the brain's ability to change itself in 

response to an environmental stimulus (Grafman & Litvan, 1999). Neuroplasticity was a 

term commonly associated with embryological changes up until just a little over a decade 

ago (Azmitia, 2007). Mainstream science did not support the idea that plasticity could 

occur in the adult brain and even research that clearly demonstrated it did not identify 

with the term (Azmitia, 2007; Chakraborty, Chatterjee, Choudhart, & Chakraborty, 2007; 

Doidge, 2007; Merzenich, Tallal, Peterson, Miller, & Jenkins, 1998). The existence of 

neuroplasticity was demonstrated in the adult brain for at least 30 years before it was 

used in context with an adult brain in a peer-reviewed journal (Bach!y!Rita, 1967; 

Doidge, 2007; J. Grafman & Robertson, 2003).  

The understanding of how the brain changes, or whether it can change, is 

fundamental to sensory rehabilitation (Ciuffreda, 2002; Young & Tolentino, 2010). If the 
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brain is not able to repair itself then rehabilitation is strictly a matter of teaching 

compensatory skills. However, if one accepts the tenets of neuroplasticity, then 

rehabilitation can more accurately be viewed as restorative. In reality, rehabilitation 

involves a mixture of both. Practice that encourages neuroplasticity, however, 

theoretically has the ability to restore synaptic connections or create new ones to serve 

the lost function (Grafman, 2000). This requires that teaching and rehabilitation 

professionals tailor their techniques to capitalize on the science of neuroplasticity 

(Ciuffreda, 2002; Goswami, 2006; Sagi et al., 2012; Young & Tolentino, 2010). 

Research has well established that the brain is plastic, or able to change itself in 

response to changes in sensory input. A number of experiments dealing with brain 

plasticity have eloquently demonstrated recovery or improvement in stroke (Steinle & 

Corbaley, 2011; Young & Tolentino, 2010), learning disability (Alvarez et al., 2009; 

Grafman, 2000) , Alzheimer’s disease (Berlucchi, 2011), schizophrenia (Moeller-Bertram 

et al., 2012), and bi-polar disorder (Kapczinski, Frey, Kauer-Sant’Anna, & Grassi-

Oliveira, 2008) and vision therapy (Alvarez et al., 2009; Ciuffreda, 2002). Furthermore, 

advances in brain imaging have allowed researchers to document and quantify those 

changes (Levin, 2006).  

Many professional fields in education, rehabilitation, and medicine, practice 

vision therapy techniques but they call them by different names. Some of those terms are 

vision therapy, visual training, sensory rehabilitation, visual stimulation, neurovisual 

rehabilitation, and optometric visual rehabilitation. The varied understandings about what 

is happening during vision therapy are often the origin of the different definitions. An 
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example can be seen in the requirements of low vision therapists certified through the 

Association for Education and Rehabilitation (AER) Certified Low Vision Therapist 

(CLVT) program. Applicants may come from fields of occupational therapy, physical 

therapy, occupational therapy, orientation and mobility, or education (teachers of the 

visually impaired) (Academy for the Certification of Vision Rehabilitation and Education 

Professionals, 2013). Most of the pedagogy focuses on teaching compensatory skills for 

the loss of vision. However, an understanding of teaching visual scanning, tracking and 

eccentric viewing are also part of their duties but described as compensatory techniques. 

On the other hand, these techniques have been described as "harnessing neuroplasticity" 

by the latest studies at the VA Polytrauma Rehabilitation Research Center. Some of these 

have been categorically labeled "neurovisual” to make the distinction between the 

therapeutic aims (Kingston et al., 2010; Koons et al., 2010). Neurovisual techniques aim 

to make positive visual changes by influencing the neurology of the individual's vision 

(Suter & Harvey, 2011). That distinction guides practice by summoning what is known 

about neuroplasticity. 

In March 2011 the U.S. Army, with the support of the Vision Center of 

Excellence, launched a new Army Traumatic Brain Injury Vision Rehabilitation Initiative 

(McIlvaine, 2012). Traumatic Brain Injury, or TBI, is a significant injury of military 

combat operations in Iraq and Afghanistan. This new initiative is designed to ensure 

soldiers with TBI-associated eye problems are diagnosed and referred for comprehensive 

eye examinations and rehabilitative care. Following exam protocols, Army optometrists 

will diagnose TBI-related vision conditions and then, as appropriate, provide a range of 
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vision correction measures from lenses to prisms, and/or to initiate a program of vision 

rehabilitation. These programs for patients with TBI-related eye problems are at 

Landstuhl Regional Medical Center and Walter Reed Army Medical Center, as well as in 

medical centers at Fort Bragg, N.C.; Fort Carson, Co. and Fort Campbell, Ky. 

Synthesis 

Visual injuries associated with traumatic brain injury have gained widespread 

recognition as a result of military TBIs, especially the visual sequelae associated with 

TBI that are not the result of penetrating ocular injury. These include problems related to 

binocular cooperation and ocular-motor control that may not affect acuity so they are 

often overlooked during a typical eye exam. Furthermore, blast exposures may produce 

these eye injuries and visual perceptual dysfunction in individuals who are near a blast 

wave but unaware of being injured or believed their injuries were mild so they never 

reported them. 

Unresolved blast-related visual symptoms are likely to exist within the student 

veteran population and significantly relate to academic performance. What this means to 

the individual veteran is that a historically good student may be discharged from the 

military and find it impossible to complete academic work. The student veteran may not 

connect this with a vision problem and, if he or she does not seek an exam, the 

optometrist or ophthalmologist may find normal or near normal acuity and nothing else 

unless a comprehensive binocular/oculomotor examination is also done. 

Eye injuries from IEDs and visual processing injuries due to TBI have caused 

prolific visual problems in the OEF and OIF cohort with as many as 33% of OEF and 
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OIF veterans having a visual impairment associated with TBI; many of which were 

undiagnosed (Kingston et al., 2010). TBI and related visual impairments continue to 

plague recent combat veterans in record numbers. A recent study estimated the cost for 

this support to peak in 30-40 years at a total expense of up to one trillion dollars (Brown 

University, 2011). This does not include the inestimable cost in human terms.  

The rehabilitation needs and costs are enormous for this population and legislators 

have made a financial commitment to their continued support. These investments in 

veteran care have produced a groundswell of research progress. Medical and military 

command personnel have historically associated hearing damage with exposure to 

explosive blasts but, until recently, many were not aware of the neurological visual 

impairments that are pervasive in blast exposures. The poor understanding of this type of 

eye injury is one reason why the levels of undiagnosed visual impairments associated 

with TBI were estimated to be so high compared to prior estimates. This type of injury 

may occur without penetrating injury, obvious disturbance to the eyes or even change in 

acuity. Neurological visual impairment can be manifested as missing visual fields, 

difficulty processing complex visual information (e.g. figure-ground, picking out objects 

in a cluttered array) or color processing difficulties (e.g. color blindness or visual 

preference), and oculomotor problems (e.g. poor tracking, saccadic dysfunction) (Suter & 

Harvey, 2011; Roman-Lantzy, 2007). 

The visual dysfunctions can be a source of these reading problems are can be 

addressed by vision therapy. There are several reasons why the application of vision 

therapy is offered to the veterans of OIF/OEF with TBI. First, an epistemological shift 
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has occurred in neurological concepts based on recent acceptance of the idea that the 

adult brain is able to change itself; a function known as neuroplasticity. Additionally, the 

idea of neuroplasticity, coupled with new brain imaging technologies, has began to 

change the current paradigm for vision therapy and spread interest of its application in 

TBI rehabilitation. Proponents of vision therapy have long touted it as a way of 

encouraging the use of compensatory skills for visual impairment. However, with 

evidence that vision therapy can encourage the body to repair damaged neurons in the 

brain, the emphasis has shifted from compensatory to restorative. Neuroplasticity has 

shifted the understanding of the underlying mechanism for vision therapy.  Researchers at 

the VA have long promoted the use of vision therapy and are currently studying it in 

earnest with the OEF/OIF population. 

The intersection of the growing fields of brain science and low vision has 

provided resources for exponential growth during this decade. Research in low vision 

rehabilitation may benefit as much from this generation as the field of orientation and 

mobility did from the World War II (WWII) cohort of wounded soldiers. 

The pathology associated with blast-related TBI remains unclear. While research 

has made great strides in unraveling TBI, many questions remained unanswered such as 

where the critical points are in the natural time course of TBI, clinical features that best 

predict outcomes, whether there are individual protective factors (biochemical, genetic, 

physiological, or psychological), and the role of cognitive reserve in recovery. 

Furthermore, the symptoms of PTSD overlap the symptoms of TBI and visual-perceptual 

dysfunction including depression, memory deficits, personality changes, and sleep 
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disturbances that complicates many issues related to veterans with this type of injury (e.g. 

diagnosis, treatment, interpretation of aberrant behavior). A high comorbidity exists 

between TBI and PTSD (Hoge, et al., 2008). Furthermore, a greater risk of developing 

PTSD is conveyed by a history of loss of consciousness on the battlefield which is a 

biomarker for TBI (McCauley, Boake, Levin, Contant, & Song, 2001). 
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CHAPTER III 

METHODOLOGY 
Introduction 

This chapter outlines the procedures that were used for this investigation. The 

methods, methodology, and the rationale for their selection are included. Also included is 

an explanation of the data collection and analysis that was used. The research replicated 

the methods used at the VA and DOD (Capó-Aponte et al., 2012; Goodrich, Kirby, 

Cockerham, Ingalla, & Lew, 2007)  as much as possible within the current setting. The 

rationale and design of alternative methods, where necessary, are also outlined within this 

chapter. 

Context 

This study investigated the efficacy of vision therapy at remediating the visual 

sequelae associated with blast injury. Initially, a survey was distributed through veterans 

groups on campus and in the community to develop a pool for recruitment into phase 2. 

Then, based on their survey responses, potential participants for phase 2 were identified. 

The individuals who had been selected by the survey selection process in phase 1 were 

then screened by an optometrist for visual dysfunctions likely to be associated with their 

blast exposure.   

Pre and post scores compared treatment effect based on self regression of 

clinically expected ranges. The participant group was also compared with the control 

group for subjective and objective measures that relate to academic experience. The 

objective measures included grade point average (GPA), reading fluency, and clinical 
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optometric data. The subjective measure was the RBI, a validated measure that reports 

the individual’s view of their reading comfort and ability. Additionally, field notes were 

used to collect ongoing dialogue that was added and blended with the interview data 

collected post intervention. The phase 2 participant’s stories unfolded qualitatively 

throughout the course of their screening and training. This qualitative data is interwoven 

throughout this study to interpret and verify the quantitative measures and convey the 

experiences of the participants. The goal of this approach was to document the experience 

and intervention in terms of human experience as well as objective data.  

Research Questions 

The research questions were: 

1. Are visual dysfunctions from combat blast exposure associated with academic

difficulty in US Military Veterans?

2. Do common vision-training exercises improve reading for veterans with visual

dysfunction related to blast exposure?

Rationale 

The project was a quasi-experimental, transdisciplinary study with potentially 

transformative implications. This study followed a transformative mixed methods design 

with concurrent qualitative and quantitative elements collected and ultimately blended to 

reconstruct the participant’s experience. Based on the previous research and arguments 

presented throughout the first two chapters it was expected that intervention with vision 

therapy would have a positive effect on blast-related vision disorders in student veterans 

and therefore positively impact their academic experience.  
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Analysis included descriptive and comparative statistics with a comparison based 

on clinical normative values for individual optometric changes. Selection was based on 

an initial targeted email, which was sent out to veterans groups asking for participation.  

A follow-up qualitative interview was conducted to guide future research and 

elucidate qualitative aspects of the participant’s experiences. Furthermore, ongoing 

qualitative information was recorded throughout.  

Questionnaire data from veterans with a history of OEF or OIF blast exposure 

was compared to age and experience matched participants without blast exposure (control 

group) and compared on GPA, reading efficacy, and subjective reading behavior as an 

indicator for relative academic. A follow up interview was conducted to describe the 

veteran’s individual experience. 

Participants 

Participants were recruited by advertising through student veteran associations at 

on a voluntary basis. United States military veterans between the ages 19 and 55 and with 

a history of blast exposure (within 50 feet) were included. These represent the population 

at risk for TBI and blast-related visual symptoms.   

Participants were not selected or described by TBI diagnosis or severity. The 

reasoning was that TBI evaluation is unavoidably problematic, even in acute care in a 

clinical setting. Therefore, it was unlikely that we could accomplish this with rigor in a 

nonclinical setting and during the chronic (long-term) stage of disease. We considered it 

a Southwestern university. These included the campus and student military and veterans

organizations and one community based association. Participants were recruited
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unrealistic to ask an individual who has been exposed to a potentially amnesia inducing 

event to report the appropriate label of their diagnosis. Additionally, many who are 

exposed to blast events never sought medical care or evaluation so a novel ex post facto 

diagnosis would have been required to rate or diagnose the TBI. With these things in 

mind, the logical route was chosen which was to simply eliminate TBI diagnosis and 

severity rating from the selection scheme. Those who had been exposed to a blast event 

capable of producing TBI identified participants. 

Instruments 

The instruments used in this study included:   

Reading fluency score (RFS). The ADR iNet reading software reported speed and 

accuracy that was transformed into comprehension score as a product of speed (WPM), 

accuracy (% correct) 

Reading Behavior Inventory (RBI). This is a measure of reading behavior developed 

by Dr. Gregory Goodrich at the VA Vision Rehabilitation Center (2007). This instrument 

is a qualitative subjective measure that was developed for relative comparison of low 

vision rehabilitation results.  

Optometric metrics. Optometric metrics relative to the participant’s visual condition 

were collected during the course of the visual screens. These screens followed 

recommendations by the Vision Center for Excellence, Expert Recommendations 

Conference (2012). 

Participant Selection Criteria 

The study proceeded with the assumption that a survey could be designed based 
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on research that would purposefully select a small pool of possible participants who 

would have a high likelihood of visual sequelae related to blast exposure. That survey 

was distributed to develop a data comparison group and create a pool from which to 

select participants for recruitment in phase 2, the intervention phase.  

To select phase 2 participants, the responses from the survey were compared.  

The inclusion criteria was comprised of status as a student combat veteran between the 

ages of 18 and 59 who was deployed during the Iraq war and encountered and blast 

exposure (i.e. within 50 ft of a blast). The exclusion criteria included history of 

penetrating eye injury or unresolved or progressive eye pathology (e.g. retinal 

detachment, glaucoma, macular degeneration). Additionally, survey participants were 

ranked by likelihood according to the amount (number and severity) of subjective 

symptoms that were included on the survey. These symptoms were chosen because of 

past research that correlated them with blast related vision disorders.  

Finally, participants were contacted and asked to participate. They were told that 

this would involve 6 weeks of weekly visits to verify that each one was willing to take 

part in the intervention. This recruitment process was mentioned on the initial survey but 

response rate was still very low. As a back up recruiting method, referrals from 

community groups that the author is active with were asked to complete the survey and 

screening process. Ultimately, half of the participants were recruited face to face rather 

than by email. 



Texas Tech University, Melanie Kalene Meeks, May 2014 

68 

Data Collection 

The data collection proceeded in 2 phases as shown in Table 3.1. The potential test 

group was identified by questionnaire. An optometrist screened these participants for 

inclusion in the test group according to screening procedures outlined by Goodrich et al. 

(2007) and the Vision Center of Excellence expert recommendations (2012). The test 

group included those with visual dysfunctions that are likely related to blast exposure. 

The control group did not participate in the vision screening due to limited resources.  

Table 3.1 

Group Participation by Phase 

  
Group   

Control 
Group 

Participant 
Group 

Phase 1: Survey questionnaire Yes Yes 
Phase 2 a: Visual screen Noa Yes 

 b: Reading metrics testing Yes Yes 
 c: Visual training intervention No Yes 

  d: Follow-up metric testing    No   Yes 
  e: Follow-up interview     No   Yes 

 aDue to limited resources and goals of the project, visual screens were not 
conducted on controls. This did not threaten the integrity of the project because 
it did not attempt to collect a number of participants sufficient for population 
demographics. Demographic statistics for TBI and visual impairment have 
been described extensively elsewhere. Qualitative data throughout. 

Data Analysis 

A qualitative dialogue was established with the participants from the project’s 

inception. The qualitative dialogue was ongoing and inclusive. It was used to provide 

insight that steered the project throughout. This qualitative discourse is layered 

throughout the last two chapters to provide understanding and insight about the results 
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and their interpretation. 

Phase 1 Descriptive statistics were used for analysis of the survey sample 

characteristics. These were compared inter and intra group, where relevant, to improve 

validity of the analysis with relatively low numbers.  

For phase 2, the planning phase of the study envisioned identifying about 10 

participants who met the selection criteria based on survey responses to be recruited for 

the phase 2-test group. However, 100% identification was accomplished on the first 

optometric exams so this group was held to 5, the maximum number the study was able 

to accommodate for the 6 weeks of training. 

� A comparison with clinically established normal values was included to ensure 

protection of internal validity, which is the concern of projects that do not attempt to 

generalize but focus on the causal relationship in the context of the research setting under 

consideration (Trochim, 2006). Figure 3.2 shows the data comparisons that were made to 

answer the respective research questions.  
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Table 3.2 

Data Collection and Statistical Analysis 

Research 
Questions 

Are visual dysfunctions from combat blast exposure associated with academic 
difficulty in US military veterans? 

Data Statistical 
Analysis 

GPA control & test group t test 
RBI control & test group Anova 
Qualitative throughout 

Do common vision- training exercises improve reading for veterans with visual 
dysfunction related to blast exposure?   

Test group: RBI pre/post Anova 
Test vs. control group: RBI pre & post Anova 
Test group: Pre/Post Reading metrics (iNet) Anova 

Test group: Pre 
/Post Optometric metricsa 

Clinical 
Expected 

Range 

The follow-up interview was a semi-structured interview format but the ongoing 

dialogue collected by field notes taken during the training provided most of the 

qualitative information. It included general questions for both control and test group that 

asked about the participant’s academic experience and how their military background has 

affected that. Researchers also asked veterans how the visual training affected them 

academically, how the techniques in the training were being used in their academic life, 

and whether they feel it will have an impact in the future. This information provided a 

post intervention measure, but was not nearly as informative as the ongoing dialogue with 

the participants that told their stories. 
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Summary 

Chapter III reviewed the methodology that was used in answering each of the 

research questions. Participants were selected from the student body as a representative 

sample of the Iraq War generation. No attempt was made to either include or exclude TBI 

or PTSD by design because of the inherently intertwined nature of the two, which is not 

yet well defined. The intention was to let the data speak based on the participants that 

were identified and under the circumstances, which the intervention was employed. 

Though simple in design, the data gathered in the following pages tells a story 

that brings together several fields to select and provide an intervention. In doing so, a rich 

set of information was generated that may be used to inform future endeavors. The next 

chapter reviews the results of the selection and intervention process and delineates the 

results. The upcoming chapters will begin to illuminate the potential for researchers, 

educators, and clinicians who seek answers for the questions veterans face.  
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CHAPTER IV  

RESULTS 
Introduction 

 The purpose of this project was to identify the effect of vision therapy on the 

vision mediated reading function, a predictor of academic success, for student veterans 

with combat blast-related visual impairment. Chapter IV describes the population, 

sample, and participant characteristics and how they were selected. Next, the individual 

cases are described in detail with emphasis on the quantitative results. Finally, qualitative 

results are integrated with quantitative data to capture a multidimensional view of 

individual impact.  

Methodology Summary 

This project began with a series of conceptual mapping ideas connecting research 

from an extensive literature survey. A pragmatic approach was followed to identify 

relevant questions and derive methodology to succinctly arrive at data sources to address 

those questions. Information drawn from an initial survey, optometric screen, training 

phase, recovery optometric screen after the training, pre and post reading fluency data, 

and qualitative discourse contributed to the data collected and compiled during this 

process. 

The data collection began with a survey distributed in the fall semester of 2013. 

Participants who had been exposed to a blast were chosen from the survey data. For this 

project, blast exposure was considered to be an individual’s presence within 50 feet of a 

combat explosion from any ballistic device (e.g., rocket, grenade, improvised explosive 
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device). This intervention targeted those visual impairments attributable to combat blast 

exposure that are treatable by vision therapy.  Additionally, the project examined a 

method for translational application of vision training in the academic setting. 

Participants were identified in an online survey and a subset of those with blast exposures 

was chosen for phase 2. Phase 2 consisted of functional vision screening to identify 

problems that were likely the result of blast exposure and could likely benefit from vision 

therapy. All five participants had visual problems related to blast exposure and, therefore, 

were provided visual therapy for 6 weekly sessions of 1 hour each. At the end of the 6 

week training period, participants had a follow up eye exam as well as repeat objective 

and subjective measures of reading. This section will describe the demographic and 

experiential characteristics of the sample and results from each of the two phases. 

Research Questions 
This project investigated the use of vision-therapy procedures for improving 

visual function in student veterans with a history of blast exposure. Specifically, it 

addressed the objective and subjective measures of visual function and related those to 

academic experience. The research questions were:  

$UH�YLVXDO�G\VIXQFWLRQV�IURP�FRPEDW�EODVW�H[SRVXUH�DVVRFLDWHG�ZLWK�DFDGHPLF�

GLIILFXOW\�LQ�8�6�PLOLWDU\�YHWHUDQV"�

'R�FRPPRQ�YLVLRQ�WUDLQLQJ�H[HUFLVHV�LPSURYH�UHDGLQJ�IRU�YHWHUDQV�ZLWK�YLVXDO�

G\VIXQFWLRQ�UHODWHG�WR�EODVW�H[SRVXUH"�� 

The research assumptions were guided by a significant amount of research across 

several disciplines that has demonstrated visual dysfunction in a significant percentage of 
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veterans who were part of the Iraq war combat cohort. Additionally, previous research 

demonstrated the detrimental academic effects of similar, head injury related visual 

dysfunctions. Vision training has been confirmed as a successful intervention for 

improving vision related academic difficulties but previous research was primarily with 

school-age children.  

Characteristics of the Sample 

Phase 1 was a purposeful sample of student veterans collected by online Qualtrics 

survey. Participants from the survey respondents were selected and recruited for phase 2. 

However, recruiting was most successful face to face. Of the 10 individuals originally 

contacted for phase 2 recruitment, only 2 of those responded and the others were 

recruited and all others through veteran’s organizational activities in the community. 

Phase 1- Survey respondent sample. The survey instrument, which is shown on 

form C in the appendix, was distributed through the Military and Veterans Program on a 

Southwestern university campus and the Veterans Resource Coordination Group in a 

Southwestern community of 200,000 people. Results of the survey were used to identify 

the purposeful sample of participants for phase 2 with the intent of identifying those 

likely to have visual dysfunctions associated with blast exposure. This survey instrument 

was unvalidated, but was based on data from extensive literature in peer reviewed 

journals, expert panels, and VA publications.   

Respondents included for phase 2 were United States military veterans between 

the ages of 18 and 59 and were also students (or had been within the past 5 years). Thirty 

four responses were collected and four were excluded because the survey was 
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significantly incomplete. Respondents were not excluded if no more than 5 questions 

were unanswered. A total of 30 respondents meeting the inclusion criteria were collected 

(N=30). 

All 30 of the survey respondents were U.S. military veterans. There were 93.3% 

(n=28) male respondents with 6.67% (n=2) female respondents. Most respondents’ ages 

were in two categories, either 23-27 years old or 28-32 years old. The age category of 23-

27 represented 32.3% (n=10) while the 28-32 year old category represented by 29.03% 

(n=8) of the total. Table 4.1 lists the survey respondent demographics. 

Table 4.1 

Survey Respondent Demographics 

Variable Category n Percent 
Gender 

23 Female 2 6.70% 

Male 28 93.50% 
Age Range 

18-22 1 3.2% 
23-27 10 32.3% 
28-32 8 29.0% 
33-37 4 12.9% 
38-42 2 6.5% 
43-47 2 6.5% 
48-52 2 6.5% 
53-59 1 3.2% 

Note.N=30%

Combat deployment and blast exposure. For those who indicated a history of 

combat deployment, the survey also captured history and number of blast exposures in 
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the environment. Figure 4.1 illustrates the data indicating that majority of respondents 

were combat veterans and most of those had been exposed to blasts during the course of 

their deployment. This extended blast exposure data is given in table 4.2. 

Combat'
Deployed'
With'Blast'
Exposure'

54%'

Non<Combat'
Deployed'

33%'

Combat'
Deployed'

Without'Blast'
Exposure'

13%'

Sample'PopulaAon'

Figure 4.1. Sample population of survey respondents (N=30). 

Texas Tech University, Melanie Kalene Meeks, May 2014 
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Table 4.2. 
Combat Deployment and Blast Exposure 

College attendance. Part of the inclusion criteria for phase 2 was that participants 

were college students or had been in the last 5 years. The reason for this was that the 

selection design possibly failed to identify those most affected. The intention of including 

those who had finished or quit was a second chance at identifying varied manifestations 

of these visual problems. There were a total of 26 responses to this question. None of the 

4 who did not answer the question was included in phase 2 though it appeared, from other 

questions on the survey, that they were current students. The data for their student status 

is given in table 4.3 and shows that 61.54% were registered students and the remaining 

had been students since 2010. 
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Table 4.3 

College Enrollment 

�����Grade point average. Twenty respondents (76.9% N) from phase 1 reported their 

grade point average (GPA). The reported GPA of combat veterans was first compared 

with those who were not combat veterans using an independent samples t-test. There 

were 12 combat and 8 non-combat participants who reported GPA. Data are mean ± 

standard deviation, unless otherwise stated. There were no outliers in the data, as 

assessed by inspection of a boxplot. The reported GPA scores were normally distributed 

for both the combat group and non-combat group, as assessed by Shapiro-Wilk's test (p 

> .05). However, the assumption of homogeneity of variances was violated, as assessed 

by Levene's test for equality of variances (p = .028). Therefore, a Welch’s t-test (t-test 

for unequal variances) procedure was used. The combat group’s mean GPA was 0.12, 

95% CI [.31 to .55] higher than the non-combat group’s mean GPA. However, there 

was no statistically significant difference in GPA between combat and non combat 

groups, M = ����������&,�>����������@��W�������� ��������S� �������
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Next, the participants were considered as three groups including those who were 

deployed to combat and had blast exposure, combat without blast exposure, and those 

who were not deployed to combat. There were no outliers in the data, as assessed by 

inspection of a boxplot. The reported GPA scores for these groups violated the 

assumption of normality, as assessed by Shapiro-Wilk's test (p < .05). Also, the 

assumption of homogeneity of variances was violated, as assessed by Levene's Test of 

Homogeneity of Variance (p = .002). Therefore, a Kruskal-Wallis test was computed to 

determine if there were differences in GPA between groups. GPA increased from the non 

combat group (Mdn = 3.20), combat with blast exposure group (Mdn = 3.45), to combat 

without blast exposure (Mdn = 4.00) but the differences were not statistically significant, 

χ2(2) = .014, p = .889. The Welch robust test of equality of means confirmed that there 

were no statistically significant differences in GPA between the three groups, Welch's F 

(2,4.636) = 0.210, p = 0.818. 

Reading behaviors. 

The RBI was included in the phase 1 survey. These comparative reading 

behaviors were assessed for three group comparisons: 1) combat with blast exposure 2) 

combat without blast exposure and 3) no combat deployment. The following figures 

illustrate that those with combat blast exposure reported reading fewer types of materials 

on a daily or weekly basis, reading for less time, and having less satisfaction with their 

reading ability than either of the other two groups. However, the combat blast exposure 

group reported less mean reading difficulty than either of the other two groups (mean 
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scores reported, N=30, combat with blast exposure n=16, combat no blast n=4, no 

combat=30) but the difference in groups was not statistically different on this measure. 

Figure 4.2, 4.3, 4.4, and 4.5 show the relative comparison between groups. 

   

Figure 4.2. Time spent reading daily comparison between groups 
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Figure 4.3. Number of types of reading material comparison between groups 

 

 

Figure 4.4. Satisfaction with reading ability comparison between groups. 
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Figure 4.5. Reported reading difficulty between group comparison. 

Phase 2 Participants 

 Six participants were selected from the phase 1 survey and screened for 

participation in phase 2. Screening was discontinued after this group since all of these 

participants met the criteria for participation in the training phase and represented the 

maximum number of participants for the full intervention for which resources were 

available. Five participants agreed to participate in the training, which commenced 

immediately and continued for 6 weeks after the initial screen. These participants will be 

described in detail later in the chapter but their group characteristics are shown in table 

4.4. All of the participants in this group were male veterans who had been deployed to 

Iraq at least once, with one participant who had also been deployed to Afghanistan.  

Both TBI and PTSD have potential impact on visual performance. There are a 

number of reasons why the self report for TBI diagnosis was not a selection criterion. 
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Namely, participants may be unable to remember the diagnosis, may have never sought 

medical care, or may be reluctant to report the diagnosis. A previous PTSD diagnosis 

may be similarly misreported. These indices are given as data points to consider in table 

4.4. However, the individual’s visual metrics that are outside the normal, age adjusted 

ranges, as a function of their combat history, is more relevant to this discussion. 

Table 4.4 

Phase 2 Participants 

 

Results 

The following is a detailed account, by participant, of relevant experience, initial 

metrics and recovery metrics taken after the training phase. In an attempt to satisfy a 

transdisciplinary dialogue, narrative optometric descriptions were given in greater detail 

than most educators would attend to and less than most clinicians would require. Only the 
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optometric data that was noteworthy is described. The complete optometric exam data is 

available in the optometric data charts in the Appendix. 

To protect the participant’s anonymity, they were labeled as Participant A 

through Participant E for efficiency in data representation. Additionally, to increase 

readability in the description and discussion, each participant was also given a 

pseudonym with alphabetical correspondence to his assigned participant letter (e.g. 

participant A – Adam). All participants were male veterans of the Iraq war between the 

ages of 23 and 37 with at least one incidence of combat blast exposure. All 5 were 

college students or had been college students within the 5 years preceding the date of the 

survey. 

This is a population of young students, fathers, husbands, and employees, who 

lead inevitably busy lives. It became clear early in the process that participation would be 

dependent on convenience. A model that would both respect their time and be efficacious 

in delivery was chosen, based on itinerant delivery of services seen in other rehabilitation 

situations. Weekly individual meetings were scheduled to work on visual exercises and 

teach new exercises, which could then be repeated at home. These training sessions were 

held at locations of their convenience, mostly on campus.  

Participants were asked to practice the exercises at home between training. The 

Convergence Insufficiency Treatment Trial (CITT) Study Group (2008) established that 

vision therapy administered in the optometric office is more efficient than that which is 

administered by computer or at home without supervision. This is partially due to lack of 

compliance on independent repetition of exercises. Qualitatively, participants reported 
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low compliance with homework exercises in this group, which seemed to confirm that 

aspect, at least to the extent that supervised practice is more effective. The following 

summaries give account of the five participants involved in the study. A more detailed 

discussion of their optometric results and training will follow their introduction. 

Participant A: Adam. Adam was a somber, quiet spoken young veteran who had 

returned to school after his deployment and finished his bachelor’s degree three years 

before beginning the present study. He was in his early thirties and had been a student, 

husband and father since leaving the military, though he was recently divorced. Adam 

had shifting, sometimes melancholic, moods that were somewhat obscured by a posture 

of stoic self control which divulged his service.  

During the course of his combat deployment Adam was exposed to many blasts of 

various types. He told about one particularly horrendous day of war in which his 

company was commissioned to guard a polling place during the first democratic election 

in Iraq. The company was “dug in” around the perimeter of a 2 acre fenced plot that 

housed a radio station, which was the appointed polling place. The radio tower jutting 

several hundred feet in the air in the middle of the property made an unfortunate yet 

reliable target. Adam experienced over 30 close encounters with blasts during the 3 days 

of this mission. These included IEDs, rockets, and mortars at varying proximity ranges 

with many under 50 feet. When asked if anyone actually voted, Adam replied, “yes, 41 

people I think. Forty of those were National Guardsmen who were required to vote. The 

other one, we were pretty sure, was an insurgent checking our positions.”  

Adam was rendered unconscious for several minutes and also experienced 
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transient amnesia lasting a few minutes following at least one of the blast exposures. He 

never sought treatment or had a medical evaluation in connection with the blast 

exposures. The reason, as he described it, was due to the utility of the situation because, 

“if every soldier who was near a blast was removed for evaluation, there would have been 

no one left to carry on with the mission”. Adam recounted many blast exposures in which 

comrades were severely injured. Those who were able to stand on their own volition 

would “dust off and check for missing parts” and carry on with the mission.  

Adam was connected with various veterans groups and actively involved in 

various efforts to help other veterans in the community. Adam’s military life had molded 

him as a leader in his community, but the trauma of war also provided substantial 

challenges. He spoke about his experiences with PTSD and depression with dutiful 

candor when he judged it necessary. It was not as if he talked about any of those 

experiences with verbosity, but in situations where his experience had illustrative context, 

he described both positive and negative aspects with almost clinical precision. It was 

apparent that Adam had turned his challenges into strengths, and equally apparent, that he 

carried a sincere commitment to fellow veterans. He was recruited for the study during 

the course of volunteer activities at a veterans group in the community. 

In terms of symptom severity alone, Adam was the most symptomatic of the 

group. As the present study began, it had been 8 years since the last blast exposure but he 

was still plagued with light sensitivity that caused him to sit in a dark office most 

workdays. He also frequent headaches, dizziness, fatigue, and dry eyes. He also reported 

frequently experiencing eye fatigue and problems with reading, including reduced 
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comprehension. 

The optometric screening for Adam revealed an existing eye glasses 

prescription that was over minused (E\������26�	������2'). The initial screen also 

revealed an abnormally high negative relative accommodation (NRA), and esophoria, 

which was equal near and distant. His pertinent data is listed in Table 4.7 and complete 

screening results are reported in the Appendix 3.  

The reported symptoms for Adam asthenopia (eye strain) and intrusive 

photophobia consistent with binocular dysfunction or post trauma vision syndrome were 

of sufficient magnitude to warrant vision therapy. Adam appeared genuinely interested in 

the vision therapy process and underlying concepts. He seemed to have instinctively 

known that, at least some of his symptoms were due to his vision.   

Though he was actively engaged, the training had a definite obligatory 

undercurrent for the first couple weeks. The turning point was the third week when he 

began training with the Bernell Aperture Rule ™ training device. This device is used to 

improve fusional and accommodative reserves, stereopsis, fixation disparity, suppression 

& tight accommodation-convergence relationship. Consistent with the principles of 

educational neuroplasticity, this device provides challenge and feedback that is key to 

harnessing neuroplastic change. Given that engaging neuroplasticity can reshape 

neurological form and function, it is always the target for effective vision therapies for 

people with brain insults of any kind (e.g. TBI, stroke, blast exposure).  

The Aperature Rule ™ exercises gave him a vicious headache the first week it 

was used. In good humor, he sent “I hate you” texts to express his discomfort after the 
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therapy session. The discomfort was short lived and Adam forged ahead with the 

training, showing marked improvement each week.  

He completed six weeks of vision exercises that included procedures to increase 

fusional ranges, vergence facility, and normalization of stereopsis. A typical program for 

asthenopia (eyestrain) of any origin would be at least 12 weeks, according to the 

American Optometry Association (AOA) guidelines; so completely normalizing his 

binocular function in six weeks was unlikely.  

When Adam returned for the recovery screening his near phoria had shifted from 

2 pd esophoria to 6 pd exophoria, which is within normal limits. The distance 

measurement was straight ahead and aligned (ortho). Adam gained 1.25 D additional 

positive relative accommodation (PRA) with corresponding 1.25 PD, decrease in NRA. 

This represents an improvement on both his NRA and PRA.  

Adam, enabled by inherent intelligence, was able to graduate a couple years ago 

having “never read a book his entire college career.” However, he recently reported 

reading for pleasure. In addition to his optometric measurements, his reading fluency 

score increased 54% and his self-subjective RBI was also improved.  

Participant B: Brandon. Brandon was another volunteer at a local veteran’s 

organization who was recruited to participate early in the development of this study. 

Brandon is a young father and husband who lead a full and active life despite injuries 

from the Iraq war that threatened his life a few years ago. He was enrolled in college in 

the last few years but said that college was “not for him”. Although he reported some 

symptoms associated with blast related visual disorder on his initial survey, he genuinely 
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felt unaffected by visual issues. Several weeks into the study he commented that he felt 

like he “got by just fine” with his vision, though at that point, his significant visual 

dysfunction had been measured. 

Six years before the present study began, Brandon’s combat deployment ended 

suddenly when he stepped on an IED. The device was fitted with a camouflaged pressure 

plate, which triggered the device to detonate below him. Polytraumatic injuries were the 

result of this near range, unmounted blast exposure. 

On the survey he reported rarely experiencing headache, dizziness, fatigue, light 

sensitivity, or dry eyes. However, he reported that words blur after about 10 minutes of 

reading. Brandon’s initial eye exam revealed uncorrected unilateral hyperopia, (i.e. 

farsightedness in the left eye), intermittent loss of fusion with left eye suppression, and 

high negative relative accommodation with normal amplitude of accommodation, 

exophoria at near, and limited accommodative facility. He had normal saccades and 

pursuits with no obvious overshoots or undershoots, smooth pursuits of normal speed and 

could listen and answer questions while doing pursuits. His relevant results are listed in 

Table 4.8 and the full report is available in Appendix 3. 

 The optometrist planned for full correction in spectacles and vision therapy to 

work on building stamina and stability of binocularity as well as accommodative facility. 

Brandon was fitted with spectacles but found the adjustment to them difficult.  

Brandon lived a very active and outdoor life, spending a good deal of time 

horseback. He used the eye glasses some at home and noticed that the TV was clearer but 

didn’t use them much outside his home. While horseback riding, he found it difficult to 
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visually track with the eye glasses on.  

Brandon completed six weeks of vision therapy with weekly visits that he 

completed after work. He seemed to struggle with fatigue on some evenings and usually 

juggled his small children during the vision training. His training included the Brock 

String, vectograms, Marsden ball activities, Bernell Aperature Rule TM anti suppression 

activities, and accommodative rock training. He was a committed and willing participant 

and completed the entire training though his schedule was clearly a challenge. 

During the recovery screen, Brandon brought his eye glasses, which were used 

during the screen. His clinical report demonstrated a significant improvement in 

stereopsis but continued to demonstrate diplopia at distance (by Worth 4 dot). His 

associated phorias (Wesson Card), which he could not initially perform with the left eye 

had returned to normal. Additionally, the Von Graffe phorias at near were measured as 

being normal limits (4pd XP). This report revealed that he had made progress toward 

maintaining a fused, binocular image, but he was still not able to maintain binocular 

fusion at all distances.  

Participant C: Charles. Charles, a Purple Heart recipient, was a person whose 

easy smile made him always appear interested and genuine. Despite his warm nature, or 

possibly because of it, he almost never talked about his experiences in Iraq. Charles came 

to the project through referral from another veteran participant. Charles was a husband, 

student, and father of two young children. His wife was also a full time student, so the 

sacrifices he made could not have been convenient.  

In Iraq he had been exposed to several blasts, the last of which was an IED that 
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exploded directly under his Humvee in 2008. This close range encounter caused a broken 

leg with tissue injuries and required his evacuation to a South Texas level I trauma center 

where he recovered from his wounds. On the screening survey, Charles reported 

sometimes experiencing headaches and dizziness, unusual fatigue, light sensitivity, dry 

eyes, and eyes that tire easily. He also reported dissatisfaction with his ability to read. 

Spending most Sundays at the library, Charles seemed to work much harder at his studies 

than his GPA of 2.1 would have predicted. Charles had a somewhat regimented way of 

going about his training that seemed especially strong-minded and determined. During 

six weeks of vision training and observing his mannerisms, it seemed that he went about 

his life with similar intentionality that attested to his time in the military, like spending 

Sundays at the library, confirming appointments, and arriving early for every 

appointment.  

The optometric screening for Charles revealed an accommodative infacility, 

esophoria, and unequal pupils (anisocoria) that were equal in bright and dim light. He 

said that his grandparents had noticed his uneven pupils as soon as he returned from Iraq. 

On some days they did not look significantly different from each other at all. On other 

days, the difference is astonishing. The left pupil appears to be three times the size of the 

right but is always equally reactive to light compared with the other pupil. It seems to be 

the most uneven when he is fatigued.  

Charles practiced visual training for 6 weeks. During this time he worked on 

increasing accommodative facility, improving saccades, and increasing accommodation. 

On the recovery screen for Charles, the optometrist found that, his phoria had returned to 
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almost within normal ranges (BO 18pd/12pd, 4pd/2pd). He also showed marked 

improvement of his accommodative facility (from 4cpm OU to 14 cpm OU). This 

participant’s initial symptomology included headaches, dizziness, unusual fatigue, light 

sensitivity, dry eyes, and eyes that tire easily. He also reported dissatisfaction with his 

ability to read.  

He progressed in both reading and eye measurements with noticeable 

improvements throughout the course of the therapy. When he returned for the recovery 

screen, the optometrist found significant improvement on his eye exam. His post 

intervention reading fluency score was almost double his initial score.  

Participant D: David. David was deployed twice to Iraq and Afghanistan and 

had over six blast exposures according to our operational definition. The exposure 

situations were all mounted and from 0-30 feet in proximity from both grenades and 

IEDs. The last IED exposure resulted in polytraumatic injuries leaving him with burns 

over a great deal of his body as well as amputations. He had spent a tremendous amount 

of time in recovery and physical therapy, but no vision therapy.  

David either cultivated, or was blessed with, a positive outlook that appeared 

unwavering. He was, by far, the most severely injured of the participants in this study but 

his attitude was never less than positive, eager, and ambitious. His wife, a person of 

similar spirit, was clearly an important part of his recovery. 

After his accident, he was airlifted to Germany for stabilization and then to the 

South Texas level I trauma center that would be his home for the next year while he 

recovered. His wife was there when his plane touched the ground in Texas and she never 
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left his side during a long and arduous recovery. She was there with him in intensive care 

for several months before he was conscious, then for many more grueling months of 

recovery. She said that during their stay, they saw many spouses leave and even divorce 

their injured loved ones claiming that they “couldn’t handle it.” It was clear from talking 

with her that she could not even fathom the thought. She clearly remains exceptionally 

supportive and a similar spirited person as he. They don’t have any children but they have 

several faithful and dedicated lap dogs that are esteemed members of the family. He and 

his family would be an informative case for defining factors that have an influence on 

outcomes. The last chapter will revisit these contributing outcome factors. 

David reported sometimes experiencing dry eye. He also quite often experience d 

eye fatigue as well as general fatigue. This participant reported seeing blurry text when 

reading longer than 30 minutes. He reported dissatisfaction with his ability to read. He 

reported rarely experiencing headache, dizziness, or light sensitivity.  

The eye exam for David revealed a vertical dissociated phoria at 3 to 8 feet, 

accommodative infacility, and reduced ranges. He had a normal, slightly exophoric, 

phoria during the initial exam. He was left eye dominant and noted that, in the military, 

he was right eye dominant, a detail he remembered from marksmanship.  

David participated in vision training for six weeks. During this time, he 

concentrated on building accommodative facility and stamina as well as improving 

stability of binocularity and improving saccades. During the final optometric screen 

David showed significant improvement fusion ranges at distance and near and positive 

relative accommodative improvement from a net of -1.5 to -3.0.  
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 David is continuing to work on work on the exercises as he continues to 

appreciate the benefit. He reported that he can tell the difference in his reading.  

Additionally, his scores were improved, and his eye metrics were improved much more 

than expected for only 6 weeks of therapy.  

Participant E: Edward. The last participant in this project was another intense 

student with a full set of responsibilities.  Edward was married with a baby less than a 

year old who maintained a full time job while pursuing an engineering degree as a full 

time student. Even with all these responsibilities, he was able to maintain nearly a perfect 

GPA. 

Edward’s job in the military as an ordinance person exposed him many blasts 

during 2 deployments. In one particular incident he was close enough to be “sent flying 

and covered in burning explosives.” He was in the vicinity of detonations around 5 times 

a day while he was deployed. He was treated for minor cuts and burns but never 

diagnosed with TBI. He also said there were other “close calls [that] just rung my bell”, 

which typifies how sports concussions are often described.  

 On the screening questionnaire, Edward revealed no indicators of significant 

visual dysfunction other than reading difficulty. Essentially, he participated in the 

training as a single blind control. During the screening process, he was selected based on 

his experiential data. Before the phase II screen, however, participants were separated 

from their screening data so that the optometric screen was blind to survey screening 

results. This data was not reassessed as a whole until the analysis phase when, by the 

qualitative data, it became clear that his perception of the visual problem had changed. 
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During the training phase, he commented on noticing blurring when reading although no 

reading difficulties were reported on the survey. He thought that was caused by overly 

fatigued eyes.  

Edward didn’t report symptoms except for reading problems and his eye 

measurements were close to normal. However, he did manifest some binocular 

cooperation problems when he was put under strain and, reported significant visual 

symptoms during the training phase that were not revealed on the survey. These included 

blurring of words after just a few minutes of reading and diplopia. After training he had 

gained 59% on his reading fluency. He read over two hours a day before the intervention 

and still read that much at the end but claims that finds reading easier. 

Optometric and Training Data 

This section will attempt to summarize the data in pseudo-laymen terms that are 

not uncharacteristic of other transdisciplinary undertakings. The product of such 

collaboration is a blended understanding of the problem and solution. All five 

participants progressed significantly in every way that it was analyzed. The data will first 

summarize how the visual impairment was affecting the participants, and then describe 

how that affected the eye exam, and reading data, and finally the post intervention 

metrics will reanalyze most of these measures.  

Table 4.5 lists the symptoms by individual and the frequency of reported 

symptoms are listed in figure 4.6. 



Texas Tech University, Melanie Kalene Meeks, May 2014 

96 

Symptom A! B C! D! E! Totals!
Headache! 1! 0! 1! 0! 1! 3!
Dizziness! 1! 0! 2! 0! 0! 3!
Reading!difficulties! 1! 1! 1! 1! 1! 5!
Unusual!fatigue! 1! 0! 0! 1! 0! 2!
Light!sensitivity! 1! 0! 0! 1! 0! 2!
Eyes!Tire!Easily! 1! 0! 0! 1! 0! 2!
Dry!eye! 1! 0! 0! 1! 1! 3!
Eye!Strain! 1! 1! 0! 2! 0! 4!
Near!Blur! 1! 1! 1! 1! 0! 4!
Diplopia! 1! 1! 1! 1! 1! 5!

Totals! 10! 4! 7! 9! 4!

Figure 4.6. Symptoms reported by phase 2 participants 

The most important preliminary optometric measures are summarized in table 4.5 

and the post intervention version of those is listed in 4.5. These show the relative changes 

by participant for the most important measures but the full reports are available in the 

7DEOH�����
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appendix. Table 4.7 shows the goals for each participant during their training. 

Table 4.5. 

Preintervention optometric screening results 

Test A B C D E 

D
is

ta
nc

e 

Base in break 6 \ 4 4 30 

Base in 
recovery 

6 \ 2 0 12 

Base out break 10 \ 4 6 16 
Base out 
recovery 

6 \ 2 -2 8 

N
ea

r 

Base in break 18 8 18 6 24 

Base in 
recovery 

12 -4 12 -2 6 

Base out break 16 24 14 14 22 

Base out 
recovery 

6 -12 0 2 2 

PRA -1.50 -2.25 -1.5 1.50 \ 
NRA 3.25 3.00 1.5 3.25 \ 
AC/A 3 3 5 \ \ 
AA 7 8 9 \ \ 

Table 4.6 

Post Intervention optometric measurements 

Test A B C D E 

D
is

ta
nc

e 

Base in break \ \ 4.00 10.00 \ 
Base in 

recovery 
\ \ 2.00 4.00 \ 

Base out break \ \ 18.00 16.00 \ 
Base out 
recovery 

\ \ 12.00 6.00 \ 

N
ea

r 

Base in break \ 26.00 \ 18.00 \ 
Base in 

recovery 
\ 20.00 \ 12.00 \ 

Base out break \ 8.00 \ 12.00 \ 
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Base out 
recovery 

\ 0.00 \ 2.00 \ 

PRA -2.75 -2.25 \ -3.00 -
3.00 

NRA 2.00 3.00 \ 3.00 2.25 

AC/A 4.00 3.00 \ \ \ 

AA 3.25 8.00 \ \ \ 

Table 4.7 

Vision training goals by participant 

A New eye glasses to reduce accommodative demand at near. 
Increase accommodation using accommodative rocks and mental minus. 

B Full correction in spectacles. 
Building binocularity using Brock String, vectograms, Marsden ball activities 

C Increasing accommodative facility to increase ability to change focus from near to distance (relax 
accommodation). 
Increase BO and BI ranges at distance. 

D Increasing accommodative facility to increase ability to change focus from near to distance (relax 
accommodation). 
Building binocularity using Brock String, vectograms, Marsden ball activities 

E Increasing accommodative facility to increase ability to change focus from near to distance (relax 
accommodation). 

Note. All 5 worked on increasing saccade efficiency with straw saccades and computer exercises. 

One way to understand the results is by clinical categorical placement. This is the 

clinical process of looking at where most of the evidence lies. In optometry, there is some 

disagreement about how to categorize but for comparison of these participants, this 

discussion will use the Skeffington model of accommodative dysfunction, which Schmitt 

(2011) outlined in a recent work. This work was used to create the comparison charts in 

table 4.8 for this study. 

����7HVW��FRQWLQXHG�� $� %� �����&� ���������'�� �����������(
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B1 Type of Accommodative Problem B2 Type of Accommodative Problem 
•XO higher than norms •Overflow of overly dominant accommodation
•PRA= binocular higher than monocular •Parasympathetic accommodative approach
•AA= binocular higher than monocular •Accommodative spillover forces convergence

excess for near objects 
•Gradient ACA  3/1 or less •Convergence forced closer than accommodation
• (+2 accommodative rock CPM below minimum
expected. 
• (+2 accommodative rock slower to (-) stimulus
then to relaxing phase(+).   

•No problem maintaining near point visual
attention 

• Near reading posture - early tendency to crowd
near work 

•Duction higher toward the BO, PRA > NRA

•Near work equals often avoided are limited •Restricted reading times, short attention spans
•Near point convergence equals receded • Fatigues easily with near point task
•Poor eye tracking •Does not read for long, seeks frequent rest from

reading 
•Headache •Subjective complaints headache
•Burning stinging of eyes with prolonged near
work 

•Diplopia

•Periodic image blur when reading • Asthenopia

•Avoids near point tasks •Squinting when reading
•Rubbing eyes
•Blur when reading

Note. Adapted from Skeffington’s model (as cited in Schmitt, 2011) 

This chart makes the connection between the optometric data and the 

symptomatic data that is part of each participants record. Table 4.9 is one example data 

set (from participant A) broken down in a different way. This chart delineates the process 

for putting the separate measures together and understanding how accommodative 

capacity is derived. For participant A, was -1.5, which is lower than normal limits. This 

calculation also shows that with AA and BI at near within normal ranges, yet there is still 

6NHIILQJWRQ¶V�FODVVLILFDWLRQ�RI�DFFRPPRGDWLYH�GLVRUGHUV
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some cause of excessive vergence. 

On table 4.8 that portrays the Skeffington framework, notice the red and green 

dots. These are also used to mark each participants clues on their data tables. Table 4.9 is 

a comparison of accommodative rock tests by participant and their respective prevailing 

symptoms. Therefore, his fusional vergence system is overworking all of the time to 

maintain stereopsis and this resulted in the fatigue and symptoms he was experiencing. 

After the training, his numbers and symptoms changed significantly.   

Table 4.9 

Participants accommodative rock test and symptoms 

ID Accommodative rock test and symptoms 

A 
Accommodative insufficiency  
Difficulty clearing -2.00 (difficulty increasing accommodation) 
Eye strain 
Headaches, light sensitivity, 
Blurry when reading 
Rereads material several times, avoids near work 

B Uncorrected hyperopia 
Wesson card (dissociated phoria) He could not perform.  
Intermittently suppressed left eye at near (fused during Worth 4 dot, suppressed during Wesson 
card). 
Dissociated at distance but no suppression. 
Accommodative Infacility 
Avoids near work, blurry text when reading 

C  Difficulty clearing +2.00 (difficulty relaxing accommodation) 
Accommodative Infacility 

Blurry text when reading, fatigues quickly reading
Letters float and/or overlap, diplopia 

D  Difficulty clearing +2.00 (difficulty relaxing accommodation) 
Accommodative Infacility 
Fatigues easily reading, blurry text 

E  Difficulty clearing +2.00 (difficulty relaxing accommodation) 
Accommodative Infacility 
Blurry text, fatigues easily reading 
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Test Result What it means Calculate 

AA 7D How much his crystalline lens can accommodate = 7D of power 

BI near 12PD He had a range of 12D fusional vergence available 12D - 7D AA= 5D net 

Phoria 2PD EP Take away the phoria since its was ESO  5D-2PD= 3 

AC/A 3/1 Divide remaining D by 3 since it will take 3 for every 
1 D of accommodation 

3 / 3 = 1 

Expected 
PRA --2.25 

-1.0 is the expected positive relative accommodation. 
The measured result was -1.5 because of his spectacle 
lenses being over minused by 0.5�26�	���2' 

PRA expected= -1 
-2Accommodative 
rock=9b 

Note. Normal Ranges: AA: 7.5+-1, BI near: 10-16D, phoria: 0-6 EXO, PRA: -1.75 to +2.25, accommodative rock= 
monocular 12, binocular 8cpm. 

Note that his AA and BI at near are within normal range. However, this is a static 

measure of AA and may not accurately predict the dynamic amount. The phoria in the 

esophoric direction is the first indication in this set of metrics, which shows some strain 

RU�LPEDODQFH�Ln the accommodative vergence system. 

3DUWLFLSDQW�$��:KDW�WKH�UHVXOWV�PHDQ��+RZ�WR�XQGHUVWDQG�DFFRPPRGDWLYH�FDSDFLW\�
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Reading metrics were significantly improved in the intervention group in every 

case except for Brandon, whose score decreased slightly. The INet reading metrics 

were tabulated for fluency (wpm x INet level x % accuracy) and paired T-test scores 

derived from the data. The preintervention reading fluency scores (860.4 +-255) were 

significantly improved compared to (paired t-test, p=.05) the pre intervention scores 

(1273 +- 393). Table 4.10 lists the comparative reading fluency data. 

Table 4.10 

Total Reading behavior and fluency comparative group data. 

Reading Behavior Inventory 
 Score (s.d.)  Score (s.d.)  p 

Participant Pre vs Control a 3.2 (+-1.7) 4.6 (+-2) p = .02 

Participants Pre vs Post b  3.2 (+-1.7) 4.9 (+-2.1) p = .005 

Participant Post vs Control a 4.9 (+-2.2) 4.6 (+-2) p= .05 

Reading Fluency b 

 Participant Pre/Post 860.4 (+-255) 1273 (+- 393).  p = 0.05 
Note. RBI and fluency scores given in means across subjects. a, n=10; b, n=5 

The change in reading fluency that occurred during the course of the study was also 

measured. All participants gained significant increased in reading fluency as measured by the Inet 

software except for Brandon. His adjustment to new lenses and significant complicating visual 

dysfunctions likely contributed to this small decrease. He has also left school, so he is not actively 

reading each day as most of the others were. The decrease in reading fluency was not significant. 

Texas Tech University, Melanie Kalene Meeks, May 2014 
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Figure 4.11. Change in reading fluency. 

Additionally, the RBI was repeated and compared with the initial RBI data for 

change in reported time spent reading, reading difficulty, reading satisfaction, and 

reading ability. In every case, there was an improvement in these reading measures, and 

in every case that improvement was significant except for the reading ability category, 

which did not show a statistically significant improvement. 

Table 4.11. 

 Categorical RBI change from pre to post 

Mean SD Range t df p 
Reading Difficulty 2.8 3.8 -1.88 7.48 1.661 4 0.172 
Reading Amount 48 50.7 -14.98 110.98 2.116 4 0.102 
Reading Satisfaction 2 2 -0.48 4.48 2.236 4 0.089 
Reading Ability 1 0.71 0.12 1.87 3.162 4 0.034 

Finally, optometric data was analyzed and compared across pre and post 

measures. The results showed significant improvement in 3 of the participants but not 

statistically so for Adam and Edward. These results will be discussed in detail in Chapter 

5. Each individual’s pre and post data was used for an Anova comparison. The statistical

analysis is included below. 
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Table 4.12 

Analysis of participant’s pre and post data 

M (PRE) 
M 

(POST) 
SD 

(PRE) 
SD 

(POST) F(df) p 
A 2.9 3.5 3.47 3.03 F(1,6)=0.322 0.591 
B 27.75 65.75 3.5 8.3 F(1,1)4=145.409 < .005 

C 12 36 3 9 F(1,6)=25.6 0.002 

D 3.25 32.75 4.1 10 F(1,14)=152.902 <.005 

E -0.25 -0.75 -0.125 1.5 F(1,2)=0.221 0.685 

Summary 

In summary, this chapter has described the intervention of blast-related visual 

problems in student veterans. These veterans were recruited by surveying the student 

body at a major university. The process revealed a high percentage of combat veterans 

who had blast exposures. Participants in the second part of the study revealed a variety of 

visual sequelae associated with blast exposure. These participants worked on their visual 

function using standard vision therapy exercises. Their recovery screens and resultant 

analytical data revealed significant improvement in many areas. Functional, objective and 

subjective improvements were demonstrated in the analysis. 
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CHAPTER V  

CONCLUSION 

Introduction 

Over two million people deployed to Iraq or Afghanistan since 2001 and many 

were exposed to blast forces. This study first sought to establish whether visual 

dysfunction related to blast exposure had a relationship with academic difficulty in 

student veterans. Secondly, a transdisciplinary delivery of visual screening and vision 

therapy intervention was employed to ameliorate these dysfunctions. The DOD estimated 

273,000 combat Veterans that served in Iraq and Afghanistan since 2001 received 

traumatic brain injuries (DOD, 2013). Researchers at the VA estimate that as many as 

75% of these may also have resulting visual problems (Lew, et al., 2007).  

Unfortunately, a standard eye exam will not always detect these problems and 

adequate screening procedures were not compulsory for the better part of the war.  

The ultimate impediment to management of this population is that many who have these 

problems do not know it. It is very common for people with this type of visual 

dysfunction to associate it with other causes or not recognize that they have a dysfunction 

at all. This was also evident in our participants. Unfortunately, these vision issues seen 

after blast exposure or TBI can have a profound effect on academic performance  

(Cuiffreda, Han, & Kapoor, 2004). 

The National Center for Veterans Statistics reported in January 2014 that student 

enrollment, currently at 1.01 million had increased 42% since the 2009 GI Bill was fully 
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enacted. Texas alone has over 70,000 current student veterans according to this report 

Student veterans of the Iraq conflict have unprecedented numbers of visual problems 

associated with the blast exposures of that war. Many of these student veterans may be 

struggling with visual issues that they do not identify as being related to visual problems. 

These vision problems can be greatly improved or normalized by vision therapy training. 

These visual problems cause problems with reading, which is an important predictor of 

academic success.  

In both clinical and research populations, vision therapy has proven beneficial for 

people with similar dysfunctions. This project demonstrated a model for itinerant delivery 

of vision therapy that provides beneficial intervention of blast-related visual problems in 

student veterans in the academic environment that has great potential benefit for this 

population. Additionally, the societal benefit in terms of research and knowledge to be 

gained across disciplinary lines is inestimable.  

The Model 

Participants were selected from the general veteran population on campus with a 

survey instrument that proved efficacious in identifying those likely to have visual 

dysfunction related to blast exposure. These individuals received a functional eye exam 

and 6 weeks of vision therapy delivered at their convenience on an itinerant basis. 

Retesting indicated significant improvement in reading and eye metrics during post 

intervention testing. 

Consistent replication and across university data compiling offer significant 

promise to improve response to these needs and promote powerful interscholastic 
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discourse. Replication should move toward uniform consistency of metrics and data 

collection for that reason. Replication notes that include lessons and observations from 

this project are detailed in the future research section. 

Finally, it is essential that this model is situated within a larger system of veteran 

support that addresses ancillary issues and facilitates transition into the academic 

community. Several recent veterans’ dissertations have addressed veteran success in great 

detail. Clearly, the veteran community is interested and engaged in the success of their 

fellow student veterans. Also clear is the global comprehension of a sub acute problem, 

not with student veteran enrollment, but with degree completion. From these works, and 

the author’s experience, both academic and cultural, the following theoretical models 

were developed.  

The following summary will attempt to blend quantitative and qualitative data to 

convey the participant’s experience in the present study. The communication is a 

pragmatic outgrowth of transdisciplinary collaboration necessary to create and administer 

this project. Not unlike military teams, transdisciplinary teams must draw on each 

member’s unique strengths and knowledge set to quickly create a common ground of 

understanding. Products of this type of collaboration are expected within the first few 

years of a transdisciplinary teams assemblage. However, military teams routinely 

assemble similar discourse within days, if not hours. This type of communication is a 

minimum requirement to ensure that the team is collaboration ready. Figure 5.1 is a first 

generation product of this transdisciplinary discourse, which will also help the reader to 

understand and interpret the results of this project. Similar products of transdisciplinary 
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teams can be used for efficient communication among stakeholders, to increase 

collaboration readiness, and to elevate cognitive engagement of the team members. Thus, 

the transdisciplinary team does not just share resources, tasks, and data, but it shares a 

collaborative interpretation. Each member is actively engaged in expertise sharing and 

interpretive dialogue. The resulting interpretations have the potential to reach insights, 

which no single member of the team would have reached alone.
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Figure 4.10 First generation transdisciplinary product

Texas Tech University, Melanie Kalene Meeks, May 2014 
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Figure 4.11 First generation transdisciplinary product
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Summary of Results 

Universities around the country are receiving many veteran enrollments who 

wHUH�deployed during the Iraq war. On an initial screening survey, student veterans 

with combat blast exposure reported reading fewer types of materials on a daily or 

weekl\�basis, reading for less time daily, and having less satisfaction with their ability 

to reDG�than either student veterans with no combat experience or those with combat 

experi�but no blast exposure. Additionally, 100% of a sample of veterans with blast 

exposXUH�had visual dysfunctions of likely blast origin. A transdisciplinary model was 

develope�aV�D method to identify veterans with visual needs related to blast injury, and 

to addresV�those with vision therapy. 

. All

Visual screening and ongoing optometry consultation was provided by a 

locDO�optometrist. The participants had a six-week exposure to weekly vision 

therapy. The potential benefit was measured for each participant REMUFWLYHO\�E\�

optometric exam and repeat reading fluency scores, and self subjectively on the RBI��

$OO�Sarticipants reported both objective and subjective benefit.  

Although, in accordance with AOA guidelines, the participants would have 

benefitted from a course of vision therapy that lasted for a minimum of 12 weeks, 

significant benefit was demonstrated in all participants. Not every participant entireO\�

resolved their visual dysfunction but all showed significant progress. All subjects 

reported improved reading satisfaction, and subjective reading ability. Additionally, �

WKHUH�was a statistically significant increase in reported time spent reading as well as 

a statistically significant decrease in reading difficulty. 

Texas Tech University, Melanie Kalene Meeks, May 2014 
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Discussion of 5esults 

Multiple strategies were used to collect overlapping data during the course of this 

project. The project had neither the numbers nor time course to produce substantial 

statistical power but qualitative data was interwoven to lend support to the empirical 

evidence. This qualitative data was reported in the context of the quantitative data 

collection to describe the participant’s experience. The qualitative data was collected 

from the post intervention survey and field notes that captured an ongoing dialogue with 

the participants during the screening and training.  

The challenge in developing a transdisciplinary model is first developing 

communication products so that the individuals within the team are collaboration ready. 

This is one of the primary measures of success for a transdisciplinary team. A first 

generation product of this transdisciplinary pursuit will be used to explain the results. 

The optometrist’s mission in screening patients is to sort patients in likely 

categories based on where the majority of the data points lie. There is no single measure 

that speaks as loud as the collective picture. As the current data is viewed and express in 

parts, it is important to understand that the judgment is based on the larger picture, which 

will be summarized at the end. 

A transdisciplinary model was developed as a method to identify veterans with 

visual needs related to blast injury, and address those with vision therapy. To begin the 

participant selection process, this project distributed a survey instrument through a 

veteran’s program on campus and another veteran’s group in the local community. 

Results of the survey were used to identify participants for participation in phase 2. 
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Thirty surveys were completed, 20 were combat veterans, and of those, 16 had blast 

exposures.  

�����The screening criterion for participation in phase 2 of the study was U.S. military 

combat veteran who had deployed to Iraq or Afghanistan and experienced a blast 

exposure during that deployment. Blast exposure was operationally defined as presence 

within 50 feet of a blast. Resources were not available to screen and train all of the 

participants who met the criteria.  

Five participants completed a�functional vision exam. The participants were 

similar in age, experience, and blast exposure. All five of these participants had been 

exposed to blasts during their combat tour. All of the detonations were in close enough 

range to make residual visual dysfunction likely. Additionally, the survey identified 

subjective symptoms associated with visual dysfunction. All of the participants had 

results on the screening that suggested they would benefit from vision therapy (e.g. eye 

strain, difficulty reading, headaches, double vision).  

The project sought to establish whether visual dysfunction related to blast 

exposure was related to academic difficulty. A self reported GPA as a measure of 

academic difficulty gave a snapshot of student performance, but it revealed no significant 

differences. The RBI, however, was descriptive of problems typically associated with this 

type of visual problem.  

The RBI revealed an expected pattern when comparing survey reports from those 

with combat blast exposure, those with combat but no blast experience, and those with no 

combat deployment during their military experience. Those with combat blast exposure 
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reported reading fewer types of materials on a daily or weekly basis, reading for less time 

daily, and having less satisfaction with their reading ability than either of the other two 

groups. However, the combat blast exposure group reported less reading difficulty than 

either of the other two groups (mean scores reported, N=30, combat with blast exposure 

n=16, combat no blast n=4, no combat=30). The relatively higher reported difficulty in 

the group that had combat without blast exposure is likely due to the low n for that group 

(n=4). It was unexpected that the group with blast exposure would report relatively less 

reading difficulty than the other groups. However, avoidance behavior for reading was 

clearly indicated by every measure including survey (i.e. conversation, and eye metrics) 

so these individuals may have experienced less difficulty because they experienced less 

reading. This may be also be due to the participants relative unawareness of a vision 

problem influencing their reading behavior. According to previous research, those with 

this type of vision problem due to blast exposure are typically unaware of it or do not 

attribute the problem to vision (Lew, et al., 2007). Therefore, it is not likely that they 

would have realized this could be influencing the amount of time they spent reading.  

The visual results of the blast exposures were dramatically different between 

participants. Additionally, optometric metrics did not always predict the amount of 

symptoms that the individual experienced. Binocular cooperation issues, accommodative 

problems, perceptual anomalies (e.g. hemianopsia, astereopsis) and to a lesser extent, 

acuity changes were expected. Categorically, all of these were seen. Within the 

perceptual anomaly category, there was no hemianopsia recorded.  

Most of the disorders that this study documented could be classified as non-
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strabismic binocular disorders, which are problems with eye coordination that is not the 

result of a manifest eye turn. Suchoff (1996) noted that non-strabismic binocular 

disorders are caused by deficiencies in fusional vergence (i.e. convergence or divergence) 

or dysfunction of accommodation. Vergence works with and assists the accommodation 

system. When object are viewed at near, the crystalline lens changes shape to add more 

power and bring them into focus. This stimulates a vergent change in eye posture to 

essentially come together and point at the near object. This process does more than just 

align the object and the eye. It also assists in the accommodative process. These two 

processes work together and should always be balanced. So, a given amount of 

accommodation should stimulate an approximately equal amount of vergence. If this is 

not the case, the vergence system may overwork to help accommodation maintain a clear 

and single image. This will manifest as eyestrain or soreness, headache and eyes that 

fatigue easily (Suchoff, 1986). 

The following section will describe how these visual dysfunctions manifested in 

this group of veterans individually and how they perceived the benefits of vision therapy. 

Adam 

Participant A reported significantly intrusive visual symptoms. His symptoms 

were the most intrusive of the group in terms of both quantity and significance. This was 

confirmed qualitatively during the course of his training. He was photophobic, with 

frequent headaches, dizziness, unusual fatigue, and dry eyes. His esophoria (2PD), or 

slight inward eye posture, on initial exam was equal near and far, which distinguished 

this basic esophoria from other types (e.g. convergence excess or divergence 
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insufficiency). He also had sluggish saccades but not significant enough to qualitatively 

fail the Northwestern exam that was used. It was clear during training that his saccades 

were very subject to fatigue and disorganized after only a few minutes of significant 

work.  

After the training, he had shifted from esophoric to exophoric, going from 2PD 

EP on his initial screen to 6PD XP on the repeat screen, which is within normal limits. 

This (exo) slight outward posture of the eyes is normal and actually helps the individual 

have a greater range of focusing power. The distance measurement at follow up was 

straight ahead and aligned (ortho) as it should be. The eyes converge inward to focus at 

near, but focusing past 20 feet the eyes should be pointed straight ahead and parallel with 

each other as his were. He also gained 1¼ D more positive relative accommodation 

(PRA) (with corresponding 1 ¼ PD, decrease in NRA). This is a measure that shows 

increased range of near focusing ability. Although the NRA was still high at +2, it is 

closer to a normal, so this represents an improvement on both his NRA and PRA.  

While a small exophoria is normal, even a small esophoria can be symptomatic. 

However, some people with accommodative insufficiency stimulate excess convergence 

by trying to accommodate. Again, accommodation and convergence work together, so 

when accommodation is dysfunctional, convergence is over worked. Since his initial 

accommodative amplitude was normal for his age, this didn’t appear to be the case, but, 

when he returned exophoric, the accommodative component revealed itself. He had an 

accommodative infacility (1.5 cpm +=2 accommodative rocks), which occurs when the 

accommodation system is slow to make change. Inadvertently, the negative spectacle 
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lenses were not replaced during the training period. Since it was the minus side that he 

was unable to clear on the accommodative rock test, so it appeared the over minused eye 

glasses were making a negative additive effect, which was making the minus difficult to 

clear. However, he was still unable to clear the minus when an extra plus lens overlay 

was given. This separated the accommodation issue from the prescription issue. The 

symptoms were not expected to completely resolve during this time, but he made 

significant progress. 

His symptoms of asthenopia (eye strain) and intrusive photophobia consistent 

with binocular dysfunction or post trauma vision syndrome were improved subjectively. 

A typical program for asthenopia (eye strain) of any origin would be at least 12 weeks, so 

complete resolution was not expected.  

The course of visual training for this participant included exercises to increase 

accommodative facility and saccadic efficiency. Even with an admittedly truncated 

training regimen, this participant was able to appreciate significant gains in visual 

efficiency in terms of saccadic performance as well as a decrease in symptoms. 

In one of the most recent and respected comprehensive texts on the subject, Suter 

and Harvey (2011) report the relevance of light sensitivity after traumatic brain injury as 

an indication of binocular disorders. Lenses with small amounts of plus power (or over 

plus if already wearing correction) can improve or alleviate this type of light sensitivity. 

Since this participant’s current prescription was over minused, it may have been a 

contributing factor.  
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Brandon began phase 2 with uncorrected hyperopia, intermittent loss of fusion 

with left eye suppression, and high negative relative accommodation with normal 

amplitude of accommodation, exophoria at near, and limited accommodative facility. He 

had a number of significant findings on his initial exam including uncorrected hyperopia, 

intermittent loss of fusion with left eye suppression, and diplopia, accommodative 

infacility, and excessive exophoria at near. 
The uncorrected hyperopia in one eye (refraction: OD +1.50DS 20/20 and OS 

+3.50DS 20/20) was the immediate aggravating factor disrupting stereopsis. Brandon 

was suppressing the image from one eye at times, a significant safety concern. His 

stereopsis improved and he reported that he could see better with the eye glasses, but he 

had not fully adjusted to them by the end of the study. Brandon still has some diplopia 

intermittently which indicates that his binocularity is fragile. Diplopia occurs when visual 

fusion is dissociating, or separating from the other eye. If it cannot be resolved, or 

continues in degree, the brain will ignore the image. This is known as suppression. He 

was literally unable to see even one of the stereoptic Randot images (3-D images viewed 

with special polarized eye glasses) on the initial screen but had a normal stereoptic 

finding on the final.  

On the initial screen, he had a high negative relative accommodation (sc NRA at 

16” +3.25net, sc PRA at 16” -1.00net) with normal amplitude of accommodation (7D by 

gradient). So the amount that the crystalline lens in his eye was able to focus 

(accommodate) to clear near objects was normal but he was unable to pass the 

accommodative facility test. This test is done with accommodative rocks, which are 

BrandRn 
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lenses with +2.00D and -2.00D of power. The person views small, near text and when it 

comes into focus, flips to the opposite power. The number of times this can be 

accomplished in a minute is the measure reported. He could do this 7 and 9 times per 

minute with the right eye alone or with both eyes together but was unable to clear this at 

all with the left eye indicating the extremity to which he had adjusted to not using that eye. 

His accommodative infacility was not likely to improve without vision therapy. 

������7KH�exophoria, or outward posture, (sc VG phoria at distance ortho, sc VG phoria at 

near 7pd exophoria, VG phoria at near with -1.00DS OD and OS 5pd XP) at near was also 

not a normal finding. Normally the eyes converge for near viewing so an outward turn is 

not expected at this viewing distance. Again, this is a situation where vergence is assisting 

problematic accommodation and the result is exophoria at near, a condition seen in many 

other studies with people who have TBI.  

He received spectacle correction for the hyperopia and, with vision therapy, 

produced some functional gains. His improved binocular function, combined with the 

correction, resulted in significant improvement in stereopsis. Also, his near phorias were 

within normal limits after training, but he was still diplopic at a distance. A complete 

resolution of diplopia is expected with continued training.  

It is notable that his training environment may have prevented the focus needed to 

gain maximal benefit. This participant reported several times over the course of training 

that he had attentional issues. The three small children were interested what he was doing 

and perhaps distracted him from therapy. However, the progress that he made is very 

acceptable by AOA standards for the short therapy and, moreover, is more than was 
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anticipated. 

������CKDUOHV 

This participant’s initial symptomology included headaches, dizziness, unusual 

fatigue, light sensitivity, dry eyes, and eyes that tire easily and dissatisfaction with his 

ability to read. The optometric screening for participant C revealed an accommodative 

infacility, esophoria, and anisocoria (unequal pupils). What this meant to Charles was 

that his accommodative vergence mechanism had to overcome a slightly inward (eso) 

posture, which contributed to his limited ability to change focus from near to far.  

Upon final screen, his eye posture had returned to almost within normal ranges (BO 

18pd/12pd, 4pd/2pd). He also showed marked improvement of his accommodative 

facility (from 4cpm OU to 14 cpm OU). 

Vergence is stimulated by the accommodation for near focus. The vergence 

mechanism assists accommodation and can even make up for a dysfunctional 

accommodative function to some extent. This will usually cause signs of visual fatigue, 

which was the case for Charles. The improvements for Charles, in addition to increased 

reading fluency, are that he experienced much less symptoms of visual fatigue. 

David 

David reported few symptoms but had a significant optometric examination. 

Later, during the training, qualitative aspects of visual saccades and pursuits became 

evident. After a few minutes of saccades, his saccadic rhythm would become 

disorganized. This pattern seemed to be a common theme with three (David, Edward, and 

Adam) exhibiting it.  
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While David’s initial eye exam revealed a vertical dissociated phoria at 3 to 8 

feet, accommodative infacility, and reduced ranges, the final screen demonstrated that he 

had improved his fusion significantly (Worth 4 dot at near and distance fused), and 

decreased his negative relative accommodation (+3.00), though still not to within normal 

limits. Functionally, this means that he still he still had some doubling of vision at mid 

ranges but his improved accommodative range gives him the ability to maintain a single, 

clear image for a greater range of distances. 

He was slightly exophoric during the initial exam but that had returned to normal 

on the final screening. His eye dominance was changed from right to left since the time 

he was in the military several years ago. He worked on improving accommodative 

facility, stereopsis and saccades.  

Before the therapy, he noticed that after reading a few minutes, the words on the 

page would blur or double and overlap. The vision therapy was noticeably helpful in 

subjective terms. David said that was able to tell that his reading improved and found it 

easier to read his schoolwork. He also noticed that he had improved comprehension when 

he read.  

Edward 

Edward was chosen from the original survey pool because his experiential self-

report described a military career that consisted of a multitude of blast exposures. He 

reported few symptoms to indicate blast-related visual dysfunction. He is a very good 

student with strong grades in a competitive field, so visual function was evidently not a 

limiting factor for his student performance. 
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Edward was retained (double blind) and served as an internal control because he 

was (reported) asymptomatic and had a relatively normal metrics on the optometric 

exam. One would expect that an intervention would have minimal effect under these 

conditions, but his reading fluency score increased by 59%. If this were a measurement 

error, then a unilateral increase would have been seen with reading and optometric 

measures on the other participants, and that was not the case.  

One reason for this was revealed during training because it was only then that it 

became evident that his binocular cooperation disorganized significantly when it was put 

under significant stress. It also became evident during the training that he had some 

symptoms, though none were initially reported. During the course of training, he 

mentioned seeing blurry text but, as a student, had just attributed it to eye fatigue. This is 

consistent with research reports indicating that many people with this type of vision 

problem do not realize it or do not attribute the problem to vision (Cuiffreda, Hans, 

Kapoor, & Ficarra, 2006).  

Reading Data 

The repeat measures of reading fluency showed increases in four of the five cases 

(80%) with an increase from 20% to 59% pre to post training. There was also a 

significant increase in reported RBI compiled scores when compared with measures 

taken prior to training. There was a significant difference in the test group and control 

prior to training, yet after training, there was no significant difference when comparing 

control and participants. This suggests that, not only was the target group correctly 

identified who displayed symptoms of visual dysfunction related to blast exposure, but 
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that vision therapy improved those dysfunctions and affected an improvement in 

subsequent self-reported reading metrics. 

Subjectively, the saccadic efficiency of the participants was clearly improved, and 

100% of the participants reported that the training seemed to be helping them in school 

with improved reading and/or comprehension. 

Student veterans with or without combat exposure to blast forces bring multiple 

strengths and resounding flexibility to the academic environment, which promote the 

benefit of vision therapy training for those requiring it. Visual training is promoted by 

intense effort, and the effort put in by these veterans may explain why this population 

improved beyond the expected normal for the number of training sessions given.  

Answering the questions 

The primary goal is to answer the following two questions: 

Are blast related visual dysfunctions associated with academic difficulty? 

Is the study able to identify individuals in an academic setting (without benefit of 

medical records) who are likely to have vision impairment related to blast exposure? 

Clearly the process used to select participants was sufficient at 80-100% of those selected 

having visual disorders. Edward was not clearly in need of vision services after a review 

of his complete record, but he did have subjective symptoms that surfaced after the 

intervention had begun which he had never attributed to vision (i.e. blurring when 

reading, saccadic dysfunction). 

Do qualitative reports indicate symptoms that cause visual discomfort and / or 

academic difficulty? 
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Clearly the participants were able to report symptoms subjectively when asked 

specific questions on the survey but more detail emerged during training. Several 

participants added symptoms to their list after becoming more familiar with concepts like 

physiological diplopia (trained with the Brock string) so there is some indication of the 

difficulty in self identification. 

Does optometry examination confirm high percent of those identified to have 

visual impairments that are associated with blast exposure?   

First, the RBI showed a statistical difference between the combat blast exposure 

group compared with the two other groups (i.e. no combat exposure, combat but not blast 

exposure). This suggested that the survey had identified a group that was significantly 

different.  

Additionally, the survey accurately predicted significant visual dysfunction in 

100% of the cases identified, all with types of visual dysfunctions that have been 

previously associated with blast exposure in past research.  

Of those participants identified with blast exposure related visual impairment, 

which ones report academic difficulty (as measured by GPA of 3.0 or less + reported 

reading difficulty + subjective reading measures low + objective reading measures low). 

Brandon and Charles reported GPA scores in the C range. Both of these individuals had 

significant visual impairments based on their results, so that suggests a correlation. 

Additionally, Brandon quit school and Charles literally studied all day every Sunday. 

These factors demonstrate the personal and environmental complexity involved in the 

assessment of correlation. 
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How do vision metrics compare with those in previous studies with TBI and /or 

computer normal values? 

� Every participant was outside of 2 SD of the normal range of reported optometric 

values except for Edward. If we had a saccadic empirical measure he too would have 

been outside the normal range.  

� Does Vision therapy improve academic experience in veterans with blast related 

visual dysfunctions? 

� The Reading Behavior Inventory demonstrated that there was a statistically 

significant difference between the participant and control group before the intervention. 

After the intervention, a smaller but still significant difference between participant and 

the control groups. This is consistent with the improved, but not resolved status that was 

recorded on eye metrics and improved subjective reading reports.  

Does vision therapy improve optometric metrics related to deficiency? 

Pre and post measures of the Inet reading software showed a large statistical increase in 4 

out of 5. Additionally, 3 out of the 5 mentioned feeling like reading was easier even 

before asked on the exit interview. 

Does subjective reading improve on repeat RBI? 

Participants reported reading less types of material, for less time, and having less 

satisfaction compared with the control before the intervention. After the intervention, 

there was no longer a statistical difference in control and test groups. 

Does objective reading fluency improve? 

� The Inet reading software showed reading improvements up to 79% of baseline in all 
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participants except Brandon. Brandon still had unresolved fusion issues and some 

diplopia on the repeat screen so it was not expected that he could resolve completely in 

this time. Additionally, all participants reports increased comfort levels when reading and 

ability to read longer. 

Revisiting the Literature 

The relationship between accommodative and binocularity dysfunction to reading 

difficulty is well established (e.g. Gellerstedt & Sjöström, 2006; Simons & Grisham, 

1987; Kurz, Bauer, & de Graaf, Hall & Wick, 1991; Friedhoffer, 1969) and was well 

represented in this population as expected. Furthermore, vision therapy has been used to 

ameliorate these affects for many years (e.g. Soden, & Cohen, 1999; Marge, 1951; 

Cornsweet & Crane, 1973; Randle, 1971; Suter & Harvey, 2011). Research conducted by 

Cuifredda et al. on people with brain injuries revealed that 90% of those made functional 

gains as a result of vision therapy. 

The literature review suggested up to 75% of people with TBI also have and 

vision disorders (Lew et al., 2007). Though this study did not attempt to identify 

individuals with clinical diagnosis of TBI, identify 43% of blast exposed individuals who 

reported reading difficulty, which appears consistent with the report from Stelmack et al. 

(2011). By using a questionnaire designed to capture pertinent data relevant to TBI and 

vision dysfunction, the project selected 5 individuals who exhibited varying degrees of 

binocular dysfunction and accommodative difficulties that were significantly different 

than clinical expected values for their age range. 

Although the application of vision therapy in this context appears to be a small 
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and easily administered intervention for the amelioration of binocular disorders 

secondary to TBI, scientists have shown visual training to have lasting effects. In one 

extraordinary example, scientists from Sweden studied the children of the Moken people 

because of their extraordinary underwater vision (Gislén et al., 2003). The Moken people 

are nomadic sea gypsies of Myanmar (Burma) and Thailand who, for centuries, have 

sustained themselves by gathering clams and sea cucumbers from the sea floor at depths 

up to 75 feet without diving gear. In addition to the obvious oxygen deprivation, this also 

requires extraordinary visual accommodation. 

Differences in the refractive properties of air and water make focusing underwater 

especially difficult and accommodative demand beyond the capacity of most land 

dwelling creatures. However, the scientists noted that the Moken children were able to 

gather tiny brown clams from a brown sea floor at depths of up to 13 feet where light 

levels are quite low (which also increases accommodative demand). Scientists compared 

their underwater accommodation with European children and found that they were able to 

constrict their pupils to only 1.96 mm (compared with the European children’s 2.5 mm) 

and consistently accommodate to the maximum extent of known human accommodative 

performance (15-16D). The underwater blur did not elicit an accommodative response in 

European children but was clearly efficient in Moken children (Gislén et al., 2003). One 

might suppose that the centuries that the Moken people lived in this manner had affected 

a genetic change. However, these scientists took a group of European children and 

trained them to control their accommodative response underwater. This training was not 

unlike what we used with the participants in the present study. Their training lasted for 
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one month (11 sessions) and post-training testing showed that the children were able to 

accommodate with clarity (tightened pupillary restriction and strong accommodative 

response) underwater just as the Moken children do. When the European children were 

again tested 8 months after the training they still had underwater acuities equal to the 

Moken children (Gislén et al., 2006). 

While this is a remarkable illustration it is not unrepresentative of the functional 

and lasting gains that occur from the application of vision therapy reported in the 

literature. This literature indicates that accommodation can be trained and controlled 

(Marge, 1951; Cornsweet & Crane, 1973; Randle, 1971) and that the gains from this 

training are measurable at follow up times of varying lengths up to many years post 

intervention. For example, Duane (1983) followed 24 people who had vision therapy to 

increase accommodative amplitude and found that, over varying degrees of time, they 

lost 2 diopters from the original mean of 12 diopters but still had higher amplitudes than 

before vision therapy (Duane, 1983). These projects describe the possibility that 

accommodation can be trained, that training produces functional gains, and those gains 

last over an undefined period of time, which may vary by individual. The present project 

confirmed the potential for similar gains in a short period of time. The challenge now is 

to tease information from that population that will provide comparative and longitudinal 

data to move forward with the information that this population has to offer. 

Summary Statement 

The present study has demonstrated the identification of blast related visual 

impairments in the student veteran population in rates concurrent with reported clinical 
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populations. This study represents just a small fraction of individuals with similar 

experiences on almost every campus in America. This and other studies offer conclusive 

evidence that vision problems can profoundly affect academic performance. Additionally, 

this study designed and implemented a model that others can use for itinerant delivery of 

vision therapy training in the student veteran population. This training was shown to 

significantly change the visual efficiency, reading fluency, and subjective reading scores 

in veterans with blast related visual dysfunction. Furthermore, placing this project in 

context with several expansive bodies of peer reviewed literature, it is expected that 

subsequent longitudinal research will find this application of vision therapy to improved 

reading, result in higher grades, and higher success rates in college.  

Implications for Further Research  

This study represents a transdisciplinary model for the study of vision problems 

that rise from neurological origins and how they affect the student. In many ways, this 

study suggests numerous possibilities for further research. Future research may benefit 

from the errors that were made in the design and implementation of this project. In a 

sincere desire for future researchers success, it is the intention of this author to offer an 

account of those mistakes and the procedural changes that may help correct those. A 

more traditional reflection about the many research and policy questions raised by this 

study that deserve further examination follows.  

Procedural recommendations for future research. 

There were number of things discovered in the process of administering this study 

that will be helpful for individuals in the future who intend to replicate the design or 
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some portion thereof. 

The GPA was collected subjectively as a comparative measure of academic 

success. This measure would be more effectively collected via institutional data on a 

longitudinal basis.  

The Northwestern screening used for saccadic pursuits may not be sensitive 

enough for a screening test in this group. A comparison of other methods of screening 

saccadic and pursuit movements in this population should be undertaken in the future. 

Tarbett (2012) at the DOD studied a computerized screening (COVS) that could be very 

beneficial in this case. It employs eye-tracking technology, which has a long and 

extensive connection with education, and reading research so this would, perhaps be a 

good place starting point. Additionally, tests that fatigue the saccadic function will likely 

reveal more telling results than shorter, less fatiguing tests. 

While the difficulty in diagnosing and rating TBI is clear from the literature 

review, this study suggests  that TBI should not necessarily be an inclusionary factor in 

the studies selection. Many very large medical studies have limited generalizability 

because they only consider TBI rating or rely on emergency room data collection. People 

often fail to seek help for TBI in both civilian and military populations. For this and other 

reasons, studies cannot rely on TBI diagnosis or severity data alone. While this was taken 

into account during the development of this study, the value of TBI diagnosis for 

comparative purposes was understated. It was collected as part of a question on the 

survey that asks about history of neurological problems, but should have been more 

explicit. In this study, participant accounts collected during the study filled in relevant 
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information that in some cases the seemed to be missed by the survey. 

It is also clear from the survey results and authors experience that this population 

are unlikely to participate in a study which relies on an email recruiting invitation. In 

almost every case, participants who made themselves available came by referral from 

other veterans. Many studies in the past have documented the importance of the veteran 

community network in the success of student veterans and this concurs with those 

previous findings (cite). Those who intend to initiate veteran research on campus should 

utilize the veteran community to increase recruitment. At the same time, there are 

veterans who are unconnected with the veteran community and these may be the most 

likely to experience academic difficulties. A systematic approach via referral of enrolled 

and unenrolled veterans through veteran organizations is essential in capturing those who 

represent the greatest need. 

It is important that efforts to study the visual sequelae of blast exposure in this 

population carefully collect extraneous information about their participants. This data 

should, at a minimum, represent the questions that are largely unanswered that pertain in 

a global way, to this population. Most of these pertain to data collection with civilian or 

sports related TBI. These include time since blast exposure (or TBI event), age (not age 

range as this study collected), dose (not a range as this survey used, rather  how many 

times were they exposed to blast or TBI), and time between blast exposures (or TBIs). 

Blast exposure and age were both collected in ranges. While this was sufficient 

for out comparisons, there is very little information about the effects of multiple blasts 

and the question of potential dose effects remains open. Therefore, an actual number, 
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rather than a range would be a better data point. Similarly, age was collected as a range, 

but subsequent projects should collect a hard data point that will lend itself to meta 

analysis in the future. 

Another aspect that became apparent from the beginning of the literature search 

was that almost all of the vision-therapy that specifically addressed academic intervention 

research was with children. Furthermore, vision research that address oculomotor 

problems that result from traumatic brain injury in adults seldom-collected information 

regarding reading speed or other academic metrics.  

Following a model of previous research, we collected reading speed and 

comprehension data for comparative purposes (Capó-Aponte, et al., 2012; Goodrich, 

Kirby, Cockerham, Ingalla, & Lew, 2007). The software that was used (Inet), while 

giving a set of data that is comparative to the previous research and produces a before and 

after comparison, is not designed for adult readers. Neither was this software truly 

designed to provide an accurate estimation of reading speed and accuracy but rather a 

relative individual measure for measuring therapeutic progress. In the future, a reliable 

educational measure of reading speed and accuracy that is designed to capture data from 

this population should be obtained. 

Research and policy questions for future consideration 

Traumatic brain injury has gained worldwide attention and researchers around the 

world are comparing strategies. Additionally, acceptance of the adult brain’s ability to 

change has increased focus on rehabilitative strategies and cooperative research that is 

unprecedented.  
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The randomized control trial (RCT) has long been revered as the “gold standard” 

in research. However, collaborations in TBI research may be shifting that paradigm. At a 

recent meeting of experts who discussed the current trends in TBI research, it was noted 

that, “advances in provision of care for TBI patients have resulted from observational 

studies, guideline development, and meta-analyses of individual patient data,”  (Maas et 

al., 2012). This is a departure from the randomized control trial (RCT) typically revered 

as the gold standard in evidence-based research. In addressing this dissention they wrote,  

“randomized controlled trials have not led to any identifiable major advances. Rigorous 

protocols and tightly selected populations constrain generalizability” (Maas et al., 2012, 

p. 32). A similar comparison found that 45 out of 55 RCTs studying TBI strategies

showed little or no effect (Lu, Gary, Neimeier, Ward, & Lapane 2012). 

The acceptance of vision therapy is rapidly expanding as awareness of its benefits 

becomes more widespread. This is occurring in multiple domains including optometry, 

education, and rehabilitation. The evidence-based research for the application of vision 

therapy for children with learning disabilities is extensive and these studies should be 

extended into the student veteran population. This will provide insight for meeting the 

needs of this generation of veterans as well as providing valuable evidence for best 

practices in TBI in education and rehabilitation settings.  

As this shift in acceptance of vision therapy is occurring, the population in need is 

burgeoning. Potential benefactors of vision therapy include growing numbers of babies 

with developmental vision issues (because of improved neonate survival); veterans; 

elderly with age-related visual problems; civilian cases of TBI, and others.  
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It was not unexpected, based on previous research, to see measurable functional 

gains in this population. The challenge now is to tease information from that population’s 

data that will provide comparative and longitudinal information. Previous documentation 

of lasting gains suggests that recording and tracking functional gains longitudinally 

would be fruitful. Differences in sustained functional gains are likely a product of the 

etiology that was the original source of the visual dysfunction. These longitudinal studies 

should also include outcome, comorbidity, and etiology data.

Centers for human performance may not be the first application that comes to 

mind with participants who are war veterans but this is a real and valid application that is 

accelerating both learning and performance. On a rudimentary level, injuries that affect 

the brain are inquiries to human performance. This is as much the reason why brain 

injuries have provided most of what is known about the brain and the reason that similar 

injuries will provide what we know in the future. In this regard, injuries to the brain are a 

model for comparison and measurement of applications that increase human 

performance. At the same time, this research answers a basic societal responsibility, 

which is the care of wounded veterans to the greatest extent of available knowledge and 

resources. In a Seattle Washington site, Trachtman (2010) is engaged in such studies, as 

is DARPA who is currently studying expert learning. This area of research is rapidly 

unfolding and promises some of the most historic progress is for both science and 

education.  

Future studies should include investigation into the third area of optometry (as 

cited by Hoffman and Rowels, 1997), which is that of visual perception. The relationship 
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between vision and perception is a deeply intertwined subject embodied or the ultimate 

example of which is the difficult question of consciousness, or the quest for the neural 

correlates of consciousness. This project intentionally sidestepped this topic to limit the 

scope. However this particular area offers great promise into a variety of academic 

disciplines, which will harvest benefits from research that delves into perceptual 

consequences of the visual injuries associated with blast exposure. 

The close association between PTSD, or this stress response in general, should be 

explored in terms of its connection with visual dysfunction associated with last injury and 

TBI. Similarly, this population offers the possibility of double elimination for the 

functional or etiological routes of chronic pain, depression, and their influence on 

cognition and learning.  

There is a significant gap in treatment and identification of blast-related visual 

injuries. Furthermore, individuals with these disorders, since they do not often identify 

with having a visual problem, will not necessarily present for an eye exam. Because of 

the scarcity of optometrists who perform functional exams, people with these disorders 

may have even received vision care that missed the problem. 

Necessity rather than research is driving these policy questions. The research 

conducted from vision therapy in school-aged children, and a body of evidence from past 

veteran research, has contributed to a picture of student veterans and their needs that is 

coming into focus. In the future, research should also focus on longitudinal studies to 

address the efficacy of these interventions at promoting degree attainment in this 

population or an equitable long-term outcome. Additionally, civilian implications of this 
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research should be explored due to the 1.5 million civilian reported TBI cases in the 

United States every year with 80,000-90,000 having long-term disability because of their 

injuries (National Center for Injury Prevention and Control, 2003). 

Relationship of Results to Theory 

The goal of the current project was to present a model that could also be 

transformative or have the ability to change current practice, which is compromising the 

academic potential of this generation of veterans. It was anticipated that visual problems 

associated with blast exposure would have a deleterious effect on the student veteran’s 

academic experience, which would be amended by vision therapy. In the short term of 

this study, blast related visual difficulties were identified and related to academic 

experience via decreased measured reading fluency, reading times, and quality of reading 

experience. Additionally, each veterans story confirmed, at some point, the additional 

load that unidentified visual dysfunction was having on their academic experience. These 

stories triangulated with and confirmed the empirical data that was collected. Moreover, 

these accounts gave a sense of the need and urgency to offer this relatively simple 

intervention. 

From a transdisciplinary perspective, this is a model for integrative action. The 

optometric and rehabilitation science is mature, well developed, and ready for application 

at the community level (T4) of integration. Furthermore, there have been two million 

people deployed to Iraq and Afghanistan since 2001, and many of these are currently 

students, struggling with these unidentified vision issues. 
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Limitations 

Resources and therefore statistical power limited the study. However, the voices 

of the participants and the impact of blast exposure on their vision, how they perceived 

that, and how it affected their education, was revealed in these pages. Future studies 

should consider the following limitations that could be improved with the necessary 

resources. 

The survey was a purposive sample of participants who responded to an email 

request and direct referral. Sampling subjects who are self selected to participate is a 

threat to internal validity. Sampling subjects by some other method (e.g. those registered 

for undergraduate remediation classes) would likely deliver participants most in need of 

these services.  

The current project used a clinical tool developed for optometric vision therapy 

practices based on previous clinical projects. This gives relative reading measures for pre 

and post observations of treatment efficacy. However, they are not comparable to reading 

scales used in educational settings. In future studies, measures of reading should include 

grade-leveled metrics that provide systematic comparison of reading fluency.  

It is also important to realize that the training program did not continue as long as 

a typical program recommended by the AOA and, for those who did not resolve their 

issues, continuing for the full training will likely bring about a more complete resolution. 

Conclusion 

This study provided evidence of the plasticity of the visual system given minimal 

therapy. The OEF OIF veteran population offers great research potential in terms of a 
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population with similar rehabilitative needs that readily transfer to research archetypes. 

Research from the Iraq war cohort offers promise to those who have suffered concussion 

in sports or civilian accidents, stroke, and other cerebral insults, all of which have similar 

associated visual consequences. In the classroom, this research offers teachers of children 

with visually related learning difficulties the promise of a leveled playing field.  

The Iraq War generation promises to extend the understanding of how brain plasticity 

works from a conceptual to a functional level. Profoundly talented researchers like 

Merzenich, Bach y Rita, Pascal, and others demonstrated neuronal plasticity in the lab for 

at least thirty years before it was accepted into the mainstream. The Vietnam head injury 

study propelled scientific thought beyond the lab, producing over 200 ancillary papers 

(cited by McNamee, 2008), and at least one landmark publication that defined how we 

conceptualize neuroplasticity (Grafman, 2000). If that generation had arrived home to 

widespread acceptance on the University campus, the possible advances that would be 

enjoyed today are inestimable. The OEF OIF population offers similar research potential 

in terms of a homogenous population with rehabilitative needs that readily transfer to 

research archetypes. It is incumbent upon our institutions and communities to pursue 

research that answers the unique problems faced by this war cohort. Universities that 

capture the most important discoveries in the next decade will be the ones that capture the 

most veteran research today. 

Systematic screening and intervention for the consequences of blast injury in the 

OEF OIF war cohort is urgently needed. This can help ensure the success for this 

generation and move research forward to ensure brighter tomorrows for military and 
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civilian alike. The Vietnam Head Injury Study (VHIS) gave better seizure management, 

neuroplasticity conceptualization, understanding of the cognitive component of TBI 

recovery and much more. Vietnam veterans had limited reception on college campuses in 

1971, the year that study started. Had these veterans been received and their numbers 

incorporated in scholarly communities, had there been a hundred more VHIS studies, had 

their difficulties been turned into discourse, today there would be answers to questions 

that have yet to even be asked. This opportunity is again presented with a new generation 

of warfighters saddled with impingements of combat and the possibility of a brighter 

tomorrow. 
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APPENDIX A 

FORMS 

Form A: Recruitment Flyer 

Military service members are pursuing college degrees in record numbers. Some 
experiences in the military may influence academic performance. We are interested in 
your military experience, your transition to the classroom, and your vision. This research 
will involve a survey, simple academic test, and visual screening by a licensed 
optometrist. Participants who meet screening criteria will have the opportunity to 
participate in a 6-week class that may improve your academic experience. 

We do not anticipate any adverse effects because of this screening. Questionnaires and 
visual screening assessments pose no risk to study subject safety.  

Researchers will not store answers with participants’ names. The PI will keep records that 
link names to study IDs in a secure password protected computer, separate from the 
computer in which the responses are stored. 

Participants will not be compensated for their participation. We expect this research to 
contribute to your academic success and other veteran's academic success in the future.  
Please consider joining with us. Please contact us at one of the following: 

Dr. Nora Griffin-Shirley, Ph.D., Director  
Virginia Murray Sowell Center for  
Research and Education in Sensory Disabilities 
3008 18th Street, Box 41071 
Lubbock, Texas 79409-1071 
n.griffin-shirley@ttu.edu
(806) 742-1997 x 247 or 233 
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Form B: Consent Form 

What is the project studying? 

This study is about the visual effects of combat blast exposure and their possible effects 
on your academic experience. 

What will I do if I participate? 

You will be asked to answer a series of questions on a written questionnaire then take a 
computerized reading assessment test. Some participants will then be scheduled for an 
eye exam. On the appointment day, a licensed optometrist will perform a thorough eye 
exam free of charge to you. If selected for inclusion in the training, you will be asked to 
attend six training sessions over six weeks where you will be taught vision exercises that 
may be able to improve your visual performance. 

Your academic success will be self-reported. At no time will any member of the research 
team have access to any other information other than what you provide.   

How long will participation take? 

Participation will take approximately one hour on the survey day. If selected for vision 
screening then one hour on the eye exam day and a one hour follow-up day will be 
required. If you are selected for inclusion in vision training, approximately six training 
sessions over six weeks (one per week) of about 45 minutes each, will be required. 

Can I quit if I become uncomfortable? 

You may quit at any time during the study. Additionally, you never have to answer any 
questions of which you are not comfortable. 

How are you protecting my privacy? 

Participant identification number will be used in all data analysis and reporting. At no 
time will any personal information be reported or appear in any publication. No personal 
information will be shared with anyone outside the research team. Data from which all 
personal information has been removed will be used for data analysis and reporting. The 
PI will keep records that link names to study IDs in a secure password protected 
computer, separate from the computer in which the responses are stored in a locked office 
at the Virginia Murray Sowell Center at Texas Tech University.   
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Who may I contact for more information? 

The research team at the Virginia Murray Sowell Center, College of Education, Texas 
Tech University is conducting this study. Please contact Dr. Nora Griffin-Shirley if you 
have questions. 

I agree to participate in this study: 

sign________________________________ date____________________________ 

Nora Griffen Shirley, PhD 
Melanie Kalene Meeks, M.Ed., doctoral student 
College of Education 
Texas Tech University 
n.griffin-shirley@ttu.edu, melanie.meeks@ttu.edu,
(806) 742-1998 
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Form C: Participant Questionnaire 

1. Date___________

2. Last Name _____________________  First Name _________________ M.I.

3. Age ________

4. Contact information

Address: __________________________ 

    __________________________ 

Phone:     __________________________ 

Email:     __________________________ 

Secondary email: ___________________ 

5. Are you a veteran?

6. Were you deployed to a combat area during your service?______________

Where?____________ During what years were you deployed?________________ 

7. Were you in the vicinity of a blast event during your deployment? Yes_______ No
______ (In the vicinity, for our purposes means within 50 feet of a detonation). 

If yes, were you injured in that event?_______  

Were you exposed to more than one blast event?______ 

If yes, how many?__________      Check if approximated 

8. Have you experienced any of the following since your first blast exposure?

Headache YES_____ No_____ 

Dizziness YES_____ No_____ 

Reading problems YES_____ No_____ 

Prolonged reading problems YES_____ No_____  
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When do prolonged reading problems happen? circle one: (after 10 min, 
30 min,1hr, more than 1 hr) 

Unusual fatigue YES_____ No_____ 

Light sensitivity YES_____ No_____ 

Dizziness  YES_____ No_____ 

Eyes tire easily YES_____ No_____ 

Dry Eye YES_____ No_____ 

Double Vision  YES_____ No_____ 

Blurry Vision  YES_____ No_____ 

Light Sensitivity YES_____ No_____ 

9. Have you experienced any academic difficulties since beginning your college program
(e.g. difficulty hearing lectures, integrating with student body, seeing instructional 
materials)? 

If yes, please describe:  
______________________________________________________________ 

______________________________________________________________ 

10. Are you currently attending college courses? ________

Did you previously attend? ________ 

Did you graduate? _________________  

Major________ Number of hours completed_______ 

GPA________ 

If you previously attended college but quit before obtaining degree, what was 

your reason for quitting? 

____________________________________________________________________ 
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11. Please list any medications that you are currently taking:

________________________________________________________________________

________________________________________________________________ 

12. The questions in the block below pertain to your individual blast exposures. Please
complete this block of questions for each separate exposure. A separate sheet is attached.  

Date of blast exposure ___________     Check if approximated 

Type:  ______IED  

 ______Mortar 

______Rocket 

______ Other ( describe _______) 

______ Unknown 

Situation: 

_______ Unmounted 

_______ Mounted - Vehicle type: _____________ 

Did you receive a medical evaluation? _________ 

Were you diagnosed with concussion or traumatic brain injury as a result of that 
injury?____________  

Did you lose consciousness after that event?_______________ 

If yes, for how long (days, hours, minutes)__________ 

Did you experience amnesia after that blast event? _________  unknown 

If yes, for how long?  (days, hours, minutes)_________ unknown 
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Description of injuries and treatment at time of blast exposure 
________________________________________________________________________
________________________________________________________________ 

Please add additional information about your combat blast experience that 
characterizes the event but was not included above. Here are some examples: "I cannot 
recall the exact number but I was within 50 feet of several blasts." or "I was told that I 
was knocked out or rendered unconscious at the scene but I have no memory of the 
event."  

________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
____________________________________________________ 

13. Have you ever been diagnosed with post-traumatic stress syndrome (PTSD?

Yes ________  No  ________ 

If yes, what year was the original diagnosis? ________ 

14. Have you experienced any head injury, neurologic injury (e.g. stroke, drug
overdose - do not include alcohol blackouts) or surgeries at any time? Please include 
head injuries that were not formally diagnosed or that you did not seek medical care for at 
the time. These might have been related to any cause, not necessarily related to a blast 
event. Please include any event that caused you to lose consciousness for any length of 
time before, during, or after military service. 

Please describe nature of the head injury (for example: "concussion diagnosed at 
emergency room" or "Did not seek medical care for head injury but I was knocked 
unconscious for ten minutes."):  

_____________________________________________________ 

Cause: (for example: car wreck, fall)___________________________ 

Year:_____________________________ 

15. Bleeding disorder or history of easy bleeding or bruising. Yes______ No
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16. History of eye injury at any time in the past  Yes______ No _____Form D: Reading
Behavior Inventory (RBI) 

Reading Behavior Inventory 

A.#What#materials#do#you#currently#read#on#a#daily#or#weekly#basis#(circle#all#that#
apply)#
1. Letters 5. Newspapers 9. Other#(list)
2. Bills 6. Package#directions## 10.#I#don't#read
3. Novels 7. Medicine#labels anything#
4. Magazines

B.#On#a#5Mpoint#scale,#how#difficult#do#you#find#it#to#read?#(Circle#response)#

1. I#cannot#read 4. Reading#is#a#bit#difficult
2. Reading#is#very#difficult 5. Reading#is#not#difficult#at#all
3. Reading#is#difficult

C.#From#the#following#list,#which#best#describes#the#time#you#spend#reading#on#an#
average#day?#(Circle#response)#

1. I#don't#read#at#all 6. I#read#between#30#and#40#minutes
2. I#read#less#than#5#minutes 7. I#read#between#40#and#50#minutes
3. I#read#between#5#and#10#minutes## 8.#I#read#between#50#and#60#minutes
4. I#read#between#10and#20#minutes## 9.#I#read#1#to#2#hours#per#day
5. I#read#between#30#and#40#minutes## 10.#I#read#for#more#than#2#hours#per#day

D.#On#the#following#5Mpoint#scale,#please#describe#how#satisfied#you#are#with#your#
current#ability#to#read.#(Circle#response)#
1. Very#dissatisfied 4. Somewhat#satisfied
2. Dissatisfied 5. Very#satisfied
3. Somewhat#dissatisfied

# #E.#Compared#with#your#ability#to#read#two#months#ago,#how#would#you#rate#your#
current#ability#to#read?#(Circle#response)#

#1. Much#worse 4. Somewhat#better
2. Somewhat#worse 5. Much#better
3. About#the#same
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Form E: Vision Screening Protocol 

An optometrist who is experienced in treating visual problems related to head injury will 
conduct the exams. The optometrist will be blind to survey report of blast experience.  
The functional vision testing will cover the tests reported in Capo-Aponte, Urosevich, 
Temme, Tarbett, and Sanghera (2012). 
Visual and Ocular Health: 

1. High contrast best corrected visual acuity measured at distance with a Snellen projector 
chart 

 2. Color vision function measured with Dvorine pseudoisochromatic plates 

3. Confrontation visual fields 

4. Ocular health status evaluated using ophthalmoscopy and biomicroscopy 

5. Pupil responses assessed with the swinging flashlight test 

6. Intraocular pressure. 

Note. The prescription determined by manifest refraction will be used during the 
oculomotor examination. 

Oculomotor Assessment: 

1. Stereopsis using the Randot stereo test 

2. Near point of convergence (NPC) 

3. Ocular alignment at distance and near determined by cover test 

4. Distance and near phoria (lateral and vertical) 

5. Gradient accommodative convergence/accommodation (AC/A) ratio 

 using the Von Graefe technique 

6. Maximum negative and positive fusional vergence at near (i.e., base in [BI] and base 
out [BO] respectively) with Von Graefe technique. 
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7. Motor fusion with Worth 4 Dot test

8. Fixation disparity tested with the Borish near point card

9. Amplitude of accommodation (AA) measured by phorometry using the

minus lens to blur method 

10. Monocular accommodative facility measured with +2.00/−2.00 D lens flippers

11. Saccadic and smooth pursuit eye movements assessed by the Northeastern

State University College of Optometry Oculomotor test. 
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Form F: IRB Approval 

April 25, 2013 
Nora Griffin-Shirley Ed Psychology & Leadership Mail Stop: 1071 
Regarding: 503791 Identification and Intervention of Blast Related visual Injuries in the 
Veteran Population at Texas Tech University 
Dr. Nora Griffin-Shirley: 
The Texas Tech University Protection of Human Subjects Committee has approved your 
proposal referenced above. The approval is effective from April 25, 2013 to March 31, 
2014. This expiration date must appear on all of your consent documents. 
We will remind you of the pending expiration approximately eight weeks before March 
31, 2014 and to update information about the project. If you request an extension, the 
proposal on file and the information you provide will be routed for continuing review. 
Sincerely, 
Rosemary Cogan, Ph.D., ABPP Protection of Human Subjects Committee 

Box 41075 | Lubbock, Texas 79409-1075 | T 806.742.3905 | F 806.742.3947 | 
www.vpr.ttu.edu An EEO/Affirmative Action Institution 
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Nora Griffin-Shirley 
Ed Psychology & Leadership 
Mail Stop: 1071 

Regarding: 503791 Identification and Intervention of Blast Related Visual Injuries in the Veteran 
Population at Texas Tech University 

Dr. Nora Griffin-Shirley:

The Texas Tech University Protection of Human Subjects Committee has approved an extension for
your proposal referenced above.  The approval is effective from February 12, 2014 to January 31, 
2015.  This expiration date must appear on all of your consent documents.

We will remind you of the pending expiration approximately eight weeks before January 31, 2015 
and to update information about the project.  If you request an extension, the proposal on file and 
the information you provide will be routed for continuing review.

Sincerely,

Rosemary Cogan, Ph.D., ABPP
Protection of Human Subjects Committee

Box 41075 | Lubbock, Texas 79409-1075 | T 806.742.3905 | F 806.742.3947 | www.vpr.ttu.edu
  An EEO/Affirmative Action Institution
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APPENDIX B 

OPTOMETRIC DATA 

Participant A Optometric Data 

Test Initial Results Final Results Expected Value 

Entering distance acuities cc OD 20/20, OS 20/20,
OU 20/20 20/20 

Entering near acuities cc OD 20/20, OS 20/20, 
OU 20/20 20/20 

EOMS unrestricted OD & OS unrestricted OD & OS 

Cover test Ortho distance & near ortho distance & near 

Confrontational fields FTFC OD & OS FTFC OD & OS 

Stereo vision 20" arc 

Color vision 24/24 24/24 

Present correction OD -6.25 -0.50 x 168, OS 
-6.50DS N/A 

Subjective refraction OD -5.25 -0.50 x 170, OS 
-6.00DS N/A 

Von Graffe Phorias at 
Distance 2pd EP zero 1 XP +/- 2 

BO range at distance Break 10- recovery 6 15-23 break / 8-12 
recovery 

BI range at distance Break 6- recovery 4 5-9 break / 3-5 recovery 

Saccades 5 out of 5 5 out of 5 

Pursuits 5 out of 5 5 out of 5 

Tonometry OD 20mm, OS 21mm 13-20 mm Hg 

SLE (ant & post exam) WNL anterior & posterior 
pole. c/d OD .2, OS .2 WNL 

Pupils PERRL PERRL 

Near point of convergence Break 5- recovery 7 

Normal break: 3-5 cm 

Abnormal: > 12cm 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 
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Normal recovery: +/- 3 cm 
of the break 

Worth 4 Dot at distance No suppression or 
diplopia- 4 dots seen 

No suppression or 
diplopia- 4 dots seen 

Worth 4 Dot at near No suppression- 4 dots 
seen 

No suppression- 4 dots 
seen 

Amplitude of 
Accommodation 7D 6D 7.5 +- 1 

NRA/PRA NRA +3.25 net & PRA -
1.50 net (took add +.75) 

NRA +2.00 net, PRA -
2.75net 

+1.75 to -2.25/-1.75 to 
+2.25 

Von Graffe Phorias at 
Near 2pd EP 6pd XP 3 XP +/- 3 

BO range at near 16/6 18-24 break / 7-15 
recovery 

BI range at near 18/12 19-23 break / 10-16 
recovery 

Wesson Card asc phorias 1pd EP 

Gradient phoria- AC/A 5pd EP with -1.00, 3/1 2pd XP with -1.00, AC/A 
4/1 3/1−5 /1 

Acc. Facility + - 2 OU 9cpm OU 1.5cpm 4-7 cpm 

Participant B Optometric Data 

Test Initial Results Final Results Expected Value 

Entering distance acuities sc OD 20/20, OS 20/20,
OU 20/20 20/20 

Entering near acuities sc OD 20/20, OS 20/20, 
OU 20/20 20/20 

EOMS unrestricted OD & OS unrestricted OD & OS 

Cover test ortho distance & near ortho distance & near 

Confrontational fields FTFC OD & OS FTFC OD & OS 

Stereo vision zero- could not see Randot 
or Random dot 

70" arc 250" Randot 
Figures (saw all) 

Color vision 24/24 24/24 

Present correction Uncorrected N/A 

Participant A Optometric Data��FRQWLQXHG� 

Test Initial Results Final Results Expected Value 
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Entering distance acuities sc#OD#20/20,#OS#20/20,
OU#20/20#

20/20 

Entering near acuities sc#OD#20/20,#OS#20/20,#
OU#20/20# 20/20 

Participant & Optometric Data�

Test Initial Results Final Results Expected Value 

Subjective refraction  OD +1.50, OS +3.50  ����� 

Von Graffe Phorias at 
Distance ortho vertical & horizontal 1 XP +/- 2 

BO range at distance (not recorded) 15-23 break / 8-12 
recovery 

(not recorded) 5-9 break / 3-5 recovery 

5 out of 5 

5 out of 5 

BI range at distance 

Saccades 

Pursuits 

Tonometry 

5 out of 5 

5 out of 5 

OD 19mm, OS 17mm 13-20 mm Hg 

SLE (ant & post exam) WNL 

Pupils PERRL PERRL 

Near point of convergence 
(convergence amplitude) to nose 

Normal break: 3-5 cm 

Abnormal: > 12cm.  
Normal recovery: +/- 3 
cm of the break 

Worth 4 Dot at distance 
Worth 4 dot(diplopia) no 
suppression- could not 
fuse 

unchanged 
No suppression or 
diplopia- 4 dots seen 

No suppression- 4 dots 
seen 

unchanged Worth 4 Dot at near 

AA 7D 8D 

No suppression- 4 dots 
seen 
7.5 +- 1 

NRA/PRA NRA +3.25 net & PRA -
1.00 net 

NRA +3.00 & PRA -2.25 
net 

+1.75 to -2.25/-1.75 to 
+2.25 

7pd XP 4pd XP 3 XP +/- 3 Von Graffe Phorias at 
Near 

BO range at near 24/12 break 8, 0 recovery 

BI range at near 8/-4 break 26, recovery 20 

18-24 break / 7-15 
recovery 
19-23 break / 10-16 
recovery 

Wesson Card asc phorias Suppres
 
sed OS- could not

perform Ortho 

Gradient phoria- AC/A 5pd XP with -1.00, 2/1 3/1−5 /1 

Acc. Facility + - 2 OD 9cpm, OS could not 
clear -2.00, OU 7cpm 

3pd XP with -1.00, 1/1 

9cpm, OS could not clear, 
OU 6cpm 

Monocular: 12 +/- 
1.5; Binocular: 8 

+/- 1.5 

Participant B Optometric Data��FRQWLQXHG� 

Test Initial Results Final Results Expected Value 
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NRA/PRA NRA#+1.50#net#&#PRA# +1.75 to -2.25/-1.75 to  
1.50#net#� +2.25 

Von Graffe Phorias at 
Near ortho#at#distance#&#near# 3 XP +/- 3 

BO range at near 14/0# 18-24 break / 7-15 
recovery 

BI range at near 18/12# 19-23 break / 10-16 
recovery 

EOMS unrestricted#OD#&#OS#

Cover test Ortho#distance#&#near#

FTFC OD & OS 

unrestricted OD & OS 

ortho distance & near 

FTFC OD & OS 

25"#arc#

24/24# 24/24 

Confrontational fields 

Stereo vision 

Color vision 

Present correction Uncorrected# N/A 

Subjective refraction OD#plano,#OS#plano# N/A 

Von Graffe Phorias at 
Distance ortho#vertical#&#horizontal# 1 XP +/- 2 

BO range at distance 4pd/2pd# 18pd/12pd#

4pd/2pd# 4pd/2pd#

15-23 break / 8-12 
recovery 

5-9 break / 3-5 recovery 

5#out#of#5# 5 out of 5 

BI range at distance 

Saccades 

Pursuits 5#out#of#5# 5 out of 5 

Tonometry 13-20 mm Hg 

SLE (ant & post exam) 

OD#16mm,#OS#16mm#

WNL#OD#&#OS,#c/d#.3#OD#
&#OS# WNL 

Pupils 
PERRL#(pupils#equally#
round#&#reactive#to#light#

Anisocoria,#OD>OS#equally#
in#bright#&#dim# PERRL 

Near point of convergence 
(convergence amplitude) to#nose#

Normal break: 3-5 cm 

Abnormal: > 12cm.  
Normal recovery: +/- 3 cm 
of the break 

Worth 4 Dot at distance 
No#suppressionM#4#dots#
seen#dist#&#near#

No suppression or 
diplopia- 4 dots seen 

Worth 4 Dot at near 

AA 

No#suppressionM#4#dots#

seen#dist#&#near#

9D#

No suppression- 4 dots 
seen 

7.5 +- 1 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Participant & Optometric Data��FRQWLQXHG� 

Test Initial Results Final Results Expected Value 



Texas Tech University, Melanie Kalene Meeks, May 2014 

190 

BI range at distance Break#6M#recovery#M2#
16/6#

break#10,#recovery#4# 5-9 break / 3-5 recovery 

Saccades 5#out#of#5# 5 out of 5 
Pursuits 5#out#of#5# 5 out of 5 

Tonometry OD#21mm,#OS#20mm# 13-20 mm Hg 

Entering distance acuities cc#OD#20/2
#
5,#OS#20/20,

OU#20/20 20/20 

Entering near acuities cc#OD#20/20,#OS#20/20,#
OU#20/20# 20/20 

unrestricted#OD#&#OS#EOMS 

Cover test 

Confrontational fields 

ortho#distance#&#near#

FTFC OD & OS 

unrestricted OD & OS 

ortho distance & near 

FTFC OD & OS 

Stereo vision 70"#arc,#500"#Randot#
Images#

40"#arc#Random#dot,#250"#
Randot#images#

24/24# 24/24 Color vision 

Present correction OD#M2.25#M0.50#x#035,#OS#M
3.00DS# N/A 

Subjective refraction OD#M2.25#M0.75#x#035,#OS#M
2.50#M0.75#x#170# N/A 

2pd#XP,#2pd#R#BD#Von Graffe Phorias at 
Distance 

BO range at distance Break#4M#recovery#0#

1 XP +/- 2 

15-23 break / 8-12 
recovery 

Participant D Optometric Data 

Test Initial Results Final Results Expected Value 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Wesson Card asc phorias ortho#(at#red#line)#

Gradient phoria- AC/A 5pd#XP#with#M1.00,#5/1# 3/1−5 /1 

Acc. Facility + - 2 OD#3cpm,#OS#3cpm,#OU#
4cpm#

OD#6cpm,#OS#8cpm,#OU#
14cpm#

Monocular: 12 +/- 1.5; 
Binocular: 8 +/- 1.5 

N/A 

N/A 

Participant & Optometric Data��FRQWLQXHG��

Test Initial Results Final Results Expected Value 
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Entering near acuities sc#OD#20/20,#OS#20/20,#
OU#20/20# 20/20 

Participant E Optometric Data 

Test Initial Results Final Results Expected Value 

Entering distance acuities sc#OD#20/2
#�
0,#OS#20/20,

OU#20/20
20/20 

SLE (ant & post exam) WNL#anterior#&#posterior#
pole.#c/d#OD#.3,#OS#.2# WNL 

Pupils PERRL# PERRL 

Near point of convergence 
(convergence amplitude) To#nose#

Normal break: 3-5 cm 

Abnormal: > 12cm.  
Normal recovery: +/- 3 cm 
of the break 

Worth 4 Dot at distance No#suppression#or#
diplopiaM#4#dots#seen# Fused#

No suppression or 
diplopia- 4 dots seen 

Fused#
No suppression- 4 dots 
seen 

Fused# 7.5 +- 1 

Worth 4 Dot at near 

AA 

NRA/PRA 

No#suppressionM#4#dots#
seen#

7D# +1.75 to -2.25/-1.75 to 
+2.25 

Von Graffe Phorias at 
Near 

NRA#+3.25#net#&#PRA#M
1.50#net#(took#add#+.75)#

NRA#plus#3.00net#,##PRA#
minus#3.00net# 3 XP +/- 3 

BO range at near 18-24 break / 7-15 
recovery 

14/2,#horizontal:#3pd#XP,#
vertical:#2pd#R#BD##

6/M2#

#12/2#

19-23 break / 10-16 
recovery BI range at near 

Wesson Card (ass. 
phorias) 14/2# 18/12#

Gradient phoria- AC/A 1pd#XP# 3/1−5 /1 

Acc. Facility + - 2 3pd#XP#with#M1.00,#1/1# Monocular: 12 +/- 1.5; 
Binocular: 8 +/- 1.5 

Participant D Optometric Data��FRQWLQXHG� 

Test Initial Results Final Results Expected Value 
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BO range at near 24/6##

BI range at near 22/2#

Wesson Card asc phorias Ortho#

Gradient phoria- AC/A 3pd#EP#with#M1.00,#5/1# 3/1−5 /1 

Acc. Facility + - 2 
OD#14cpm,#OS#16cpm,#OU#
11cpm#

OD#14cpm,#OS#16cpm,#
11cpm#

Monocular: 12 +/- 1.5; 
Binocular: 8 +/- 1.5 

Tonometry OD#13mm,#OS#13mm# 13-20 mm Hg 

SLE (ant & post exam) WNL 

Pupils 

WNL#anterior#&#posterior#
pole.#c/d#OD#.4,#OS#.3#

PERRL# PERRL 

Near point of convergence 
(convergence amplitude) To#nose#

Normal break: 3-5 cm 

Abnormal: > 12cm.  
Normal recovery: +/- 3 cm 
of the break 

EOMS Unrestricted#OD#&#OS#

Cover test Ortho#distance#&#near#

FTFC OD & OS 

Unrestricted OD & OS 

Ortho distance & near 

FTFC OD & OS 

70"#arc#

24/24# 24/24 

Confrontational fields 

Stereo vision 

Color vision 

Present correction Uncorrected# N/A 

Subjective refraction OD#plano,#OS#plano# N/A 

Von Graffe Phorias at 
Distance 

Ortho#vertical#&#
horizontal# 1 XP +/- 2 

BO range at distance 30/12#

16/8#

15-23 break / 8-12 
recovery 

5-9 break / 3-5 recovery 

5#out#of#5# 5 out of 5 

BI range at distance 

Saccades 

Pursuits 5#out#of#5# 5 out of 5 

Participant E Optometric Data��FRQWLQXHG� 

Test Initial Results Final Results Expected Value 
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