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Original Article

Background

Up to 3.6 million concussions occur annually, as esti-
mated by the Centers for Disease Control and Prevention, 
and this likely represents an underestimate of the clini-
cal problem.1,2 Approximately 65% of these injuries 
occur in the pediatric and adolescent population, 5 to 18 
years of age, with the 11- to 14- and 15- to 18-year-old 
age groups representing the largest proportion of those 
injured.3,4 There are increasing concerns that children 
may be particularly vulnerable to the consequences of 
concussion and may have more prolonged and compli-
cated outcomes from a cognitive and developmental 
perspective.5-9

Common problems in concussion that are observed 
in both the adult and pediatric populations include phys-
ical signs and symptoms (headache, dizziness, nausea, 
balance problems, fatigue, light and noise sensitivity, 
sleep problems), cognitive deficits (memory, attention, 
executive functioning, reaction time), and emotional 
issues (irritability, sadness, nervousness, anxiety and 
depression).10,11 In particular, concussion-related visual 
complaints, including blurred or double vision, eye 
fatigue, the appearance of words moving on the page, 

loss of place when reading, and difficulty sustaining 
attention on a visual task have been reported in the adult 
population.12-14 While significant deficits in binocular 
vision (convergence), accommodative (focusing) and 
saccadic (eye movement) disorders have been reported 
in adults with concussion in both the civilian and mili-
tary populations with a prevalence of up to 30% to 
42%,15-21 the prevalence of visual diagnoses in adoles-
cents with concussion is unknown. The adolescent pop-
ulation may be at significant risk for morbidity due to 
such concussion-related vision disorders because of the 
amount of reading and visual work involved with 
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Abstract
Objective. To determine the prevalence of vision diagnoses after concussion in adolescents. Methods. Cross-
sectional study from July 1, 2013 to February 28, 2014, of patients aged 11 to 17 years with concussion evaluated 
in a comprehensive concussion program. Results. A total of 100 adolescents were examined, with a mean age of 
14.5 years. Overall, 69% had one or more of the following vision diagnoses: accommodative disorders (51%), 
convergence insufficiency (49%), and saccadic dysfunction (29%). In all, 46% of patients had more than one vision 
diagnosis. Conclusions. A high prevalence of vision diagnoses (accommodative, binocular convergence, and saccadic 
eye movement disorders) was found in this sample of adolescents with concussion, with some manifesting more than 
one vision diagnosis. These data indicate that a comprehensive visual examination may be helpful in the evaluation 
of a subset of adolescents with concussion. Academic accommodations for students with concussion returning to 
the classroom setting should account for these vision diagnoses.
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full-time schoolwork.22-24 A recent study using a brief 
Vestibular/Ocular Motor Screening Assessment 
(VOMS) tool that clinically assesses saccades, smooth 
pursuits and convergence, showed that VOMS accu-
rately distinguished concussed patients who had symp-
toms of oculomotor impairment from uninjured controls, 
aged 9 to 18 years.25 This study indicates that further 
investigation into the prevalence of vision diagnoses fol-
lowing concussion is warranted.

Reading is a complex higher order integrative func-
tion, which requires adequate accommodative, ver-
gence, and saccadic response at the initial stage of 
gathering visual information. These processes are neces-
sary to initiate and sustain visual function during reading.24 
Areas of the brain involved in these complex tasks 
include the dorsolateral prefrontal cortex (DLPC), the 
posterior parietal cortex, and frontal and supplemental 
eye fields, as well as the brainstem and cerebellum. Each 
of these regions can be affected by concussion injury.14,26 
The DLPC plays a significant role in attention and work-
ing memory while also interacting with multiple other 
regions of the brain in carrying out tasks of executive 
function. In addition, from an oculomotor perspective, 
saccadic function and vergence are also among the many 
tasks influenced by the DLPC. Injury to this area may 
result in oculomotor deficits after concussion, which 
may negatively affect the task of reading, and thereby, 
learning in adolescents. Such deficits affecting reading 
have been reported in adults following concussion.12-21 
Due to the high visual work load of adolescents in 
school, identifying such deficits after concussion is 
imperative in order to properly direct their postinjury 
management in school, which is their occupational 
setting.

The objective of this study was to use comprehensive 
vision testing to determine the prevalence of vision 
diagnoses in adolescents aged 11 to 17 years presenting 
to an outpatient specialty concussion program for evalu-
ation and treatment of concussion. Secondary objectives 
were to determine if a symptom questionnaire, the 
Convergence Insufficiency Symptom Survey (CISS),27,28 
is useful in identifying adolescent patients with vision 
diagnoses after concussion. The CISS was not originally 
designed as a screening tool for convergence insuffi-
ciency; rather, it was intended for use in clinical trials to 
assess change in symptoms as an outcome after treat-
ment for convergence insufficiency. We sought to evalu-
ate the utility of the CISS as a screening tool for visual 
complaints in the setting of concussion as compared 
with the Post Concussion Symptom Scale (PCSS), 
which is a validated 22-point symptom questionnaire 
administered independently or as part of computerized 
neurocognitive testing.11 An additional secondary 

objective was to identify any associations between 
visual diagnoses and changes in computerized neuro-
cognitive testing scores after injury.

Methods

We conducted a single-center, cross-sectional study of 
patients who presented to the Minds Matter Concussion 
Program at The Children’s Hospital of Philadelphia. All 
patients who presented for clinical care between July 1, 
2013 and February 28, 2014 were eligible for the study. 
Our institutional review board approved this study prior 
to the commencement of subject enrollment and data 
collection. Study participants were enrolled by trained 
research assistants during their office visit after parental 
informed consent and child assent was obtained. We 
included patients with the medical diagnosis of concus-
sion who were 11 to 17 years old at the time of enroll-
ment. We excluded those who were unable to participate 
in vision testing for any reason, did not have corrected 
20/30 visual acuity, or had a preexisting history of stra-
bismus, amblyopia, surgery, patching, or vision 
therapy.

A diagnosis of concussion was based on the history 
of any direct or indirect force transmitted to the head 
resulting in the temporally-associated onset of signs or 
symptoms of concussion as defined by the Consensus 
Statement on Concussion in Sport.11 Vision diagnoses 
were made based on objective criteria obtained in vision 
testing as described in Table 1.29 Computerized neuro-
cognitive testing using Immediate Post-Concussion 
Assessment and Cognitive Testing (ImPACT), which 
includes the PCSS questionnaire, was performed as part 
of the routine clinical evaluation of the patient for 
concussion.30,31

Standardized historical and physical examination 
data,32 as well as computerized neurocognitive testing 
results with ImPACT, were abstracted from the elec-
tronic medical record into Research Electronic Data 
Capture (REDCap) for analysis. As part of the study, the 
Convergence Insufficiency Symptom Survey (CISS), a 
validated questionnaire for the assessment of change in 
visual symptoms after treatment for convergence insuf-
ficiency, was administered to all participants. This tool 
has been used as an outcome measure in several ran-
domized clinical trials studying the treatment of conver-
gence insufficiency. It is a 15-question instrument with 
Likert-type scale responses and the expected score for a 
normal child aged 11 to 17 years is <16.27,28 A standard-
ized, comprehensive vision examination, including 
administration of the CISS, separate from the routine 
clinical assessment for concussion, was performed by 
either a developmental optometrist or trained research 
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assistants. This evaluation included an assessment of 
visual acuity, eye alignment (Modified Thorington Test), 
fusional vergence (Step Vergence Test and Vergence 
Facility Test), convergence (Near Point of Convergence 
Test), accommodative amplitude and accommodative 
facility (Push-up Test and +2/−2 test) and eye move-
ments (Developmental Eye Movement Test)29 (Table 1).

Descriptive statistics were calculated for the outcome 
measures. Fisher’s exact test was used for 2-way cate-
gorical comparisons of count data. Mann-Whitney anal-
ysis for nonparametric data was performed to determine 
the relationship between neurocognitive test scores and 
vision diagnoses. All significance levels were set at P < 
.05. Statistical analysis was performed using R version 
3.0.3.32 Bootstrap 95% confidence intervals (CIs) were 
estimated using the boot package.34,35 Prevalence ratios 
(PRs) and 95% CIs were calculated using the epiR 
package.36

Results

One hundred participants were enrolled during the study 
period. The mean age was 14.5 years (age range 13.5-
14.8 years). Of the study subjects, 42% were male and 
65% sustained their concussion as the result of sports 
participation, while the remainder sustained their con-
cussions in nonsports activities such as falls. Among the 

enrolled subjects, 29% were seen within 1 month of 
their injury, 26% were evaluated between 1 and 3 months 
after their injury, and 45% were seen >3 months after 
their injury. Patients seen within 1 month of injury were 
more likely to have a vision diagnosis than those evalu-
ated greater than 3 months after injury. Patients who 
were evaluated early after injury (within 30 days) were 
more likely to have a vision diagnosis than those evalu-
ated later after injury (>90 days) (P = .03, PR = 1.41; 
95% CI = 1.04-1.92). A total of 32% of subjects had a 
history of prior concussion, which was not associated 
with an increased risk of vision problems after concus-
sion (P = .36).

The primary objective of this study was to determine 
the prevalence of vision diagnoses after concussion in 
an adolescent population age 11 to 17 years. Overall, 
69% of enrolled subjects had at least one vision diagno-
sis after concussion, with 51% presenting with accom-
modative insufficiency or infacility, 49% with 
convergence insufficiency, and 29% with saccadic dys-
function. Of note, a substantial number of subjects had 
more than one vision diagnosis following concussion: 
22% of patients with convergence insufficiency also had 
accommodation deficits, while 14% of those with both 
convergence insufficiency and accommodation deficits 
also had saccadic dysfunction on exam simultaneously 
(Figure 1).

Table 1. Diagnostic Criteria for Binocular Vision, Accommodative, and Eye Movement Diagnoses.

Convergence insufficiency
Requires: 1
Plus at least 1 finding from 2-4
Near point of convergence of ≥6 cm break
Exophoria at near at least 4 pd greater than at distance
Reduced positive fusional convergence at near (<20 pd or fails Sheard’s criteriona)
Vergence facility (distance or near) ≤9 cpm with difficulty with base-out
Convergence excess
Requires: 1
Plus at least 1 finding from 2-3
≥3 pd esophoria at near
Reduced negative fusional convergence at near (<8 pd or fails Sheard’s criteriona)
Vergence facility (distance or near) ≤9 cpm with difficulty with base-in
Accommodative insufficiency
Requires: 1 or 2
Amplitude of accommodation ≥2 diopters below mean for age (15-1/4 age)
Monocular accommodative facility ≤6 cpm (difficulty with minus lenses)
Saccadic dysfunction
Requires: 1 or 2
Developmental Eye Movement Test ratio score: 1 SD or more below the mean
Developmental Eye Movement Test error score: 1 SD or more below the mean

Abbreviations: pd, prism diopters; cpm; cycles per minute; SD, standard deviation.
aFailing Sheard’s criterion = positive fusional vergence is less than twice the near phoria.
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A score of ≥16 on the CISS indicates that the patient 
may be symptomatic from convergence insufficiency. 
A secondary objective of this study was to determine 
if the CISS could be useful as a screening tool for 
identifying vision diagnoses in concussion as com-
pared with the widely used PCSS. Among our study 
subjects, only 29% of patients specifically reported 
vision problems on the PCSS. In our study, the mean 
CISS score was 19.8 for all study participants. Overall, 
the mean CISS score was 22.9 for those with a vision 
diagnosis, as compared to a score of 13.0 in those 
without any vision diagnoses (Mann-Whitney P < 
.001), and a high CISS score of ≥16 was strongly asso-
ciated with a vision diagnosis (P < .001, PR = 1.85; 
95% CI = 1.25-2.75). (Table 2.) More specifically, a 
CISS score of ≥16 was highly correlated with the diag-
nosis of convergence insufficiency (P = .006, PR = 
2.01; 95% CI = 1.15-3.51) and accommodative dys-
function (P = .02, PR = 1.83; 95% CI = 1.08-3.09). In 
contrast, a high CISS score of ≥16 was not associated 
with the presence of saccadic dysfunction (P = .25) 
(Table 2).

Another secondary objective of this study was to 
determine if there was any relationship between vision 
diagnoses after concussion and scores on computerized 
neurocognitive testing. Specifically, we examined the 
relationship between the presence of a visual diagnosis 
and test-derived verbal memory composite score, visual 
memory composite score, visual motor speed composite 
score, reaction time, and impulse control (Table 3). Poor 
verbal memory composite scores (P = .002) and visual 
motor speed scores (P = .005) were significantly corre-
lated with the presence of a vision diagnosis.

Discussion

Vision problems are very common in adults following 
concussion,12-21 and vision complaints have been 
described in the adolescent population with concussion.25 
We found that a substantial proportion of adolescents 
in our clinical population with concussion have visual 
diagnoses identifiable with a comprehensive vision 
assessment beyond visual acuity.29 Our findings indi-
cate a much higher prevalence of vision diagnoses in 
adolescents with concussion, as compared with 
reported prevalence rates in the general pediatric pop-
ulation without concussion. The prevalence of conver-
gence insufficiency in children has been reported 
between 2% and 8% and the prevalence of accommo-
dative dysfunction has been reported as 5% in the gen-
eral population, as compared with 49% and 50%, 
respectively, in our study of adolescents with  
concussion.37-39 While our study excluded patients 
with binocular vision disorders, it is possible that 
undiagnosed binocular vision problems comprise a 
portion of our patients with binocular vision problems 
following concussion. Despite this limitation, it is 
unlikely that undiagnosed preexisting binocular issues 
account for the notable difference observed between 
the prevalence of convergence insufficiency in our 
cohort with concussion as compared with the reported 
prevalence in the general population.

Oculomotor functioning is supported by the occipital 
lobe, brainstem, frontal lobe, parietal lobe, and cerebel-
lum, with significant integration between these areas 
and the language areas of the brain to support reading.14,26 
Because of the diffuse nature of concussion injury, both 
specific areas of the brain, as well as the integrative 
pathways needed for accurate and automatic oculomotor 
functioning, may be affected. The high prevalence of 
vision diagnoses after concussion reflects the wide-
spread neural architecture involved in visual processing, 
which may make the visual oculomotor system particu-
larly susceptible to the diffuse stretch injury seen in 
concussion.

Convergence InsufficiencyAccommodation Deficits

Saccadic Dysfunction

9
9

5

14

6

22

4

Figure 1. Vision diagnoses after concussion.

Table 2. Association of Convergence Insufficiency 
Symptom Score (CISS) With Vision Diagnosis.

Vision Diagnosis CISS <16 CISS ≥16

(−) Any vision diagnosis 19 12
(+) Any vision diagnosis 15 54
 P = .0002

(−) Convergence insufficiency 24 27
(+) Convergence insufficiency 10 39
 P = .006

(−) Accommodative dysfunction 23 27
(+) Accommodative dysfunction 11 39
 P = .02
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Identification of concussion-related vision diagnoses 
is important because of the extensive visual demands of 
adolescents engaged in full-time school. In today’s mod-
ern classroom, the use of technology is widespread and 
these electronic interfaces may add an additional level 
of visual demand when recovering from a concussion. 
The high prevalence of vision diagnoses following con-
cussion in this study highlights the importance of imple-
menting appropriate academic accommodations for 
students returning to the classroom.22,23 Since accom-
modative, binocular vision, and eye movement prob-
lems can cause significant symptoms related to visual 
activities,27 it is important for physicians to suggest spe-
cific school-based accommodations to optimally man-
age these vision-related symptoms. Strategies that 
include frequent visual breaks, oral teaching, audio-
books, large-font printed material (vs. small font elec-
tronically displayed material), or preprinted notes may 
be extremely helpful to a student returning to learn after 
a concussion.22,23

The PCSS is a widely used tool for diagnosis of con-
cussion and for monitoring recovery over time.31 In our 
study population, fewer than one-third of the study sub-
jects reported visual symptoms using this scale. In com-
parison, the CISS is a validated 15-point questionnaire 
developed as a tool to monitor changes in symptoms after 
treatment for convergence insufficiency.27,28,39 In our 
study, the CISS identified patients with vision diagnoses 
following concussion, and shows promise as a potential 
screening tool for vision diagnoses following concussion.

For the general pediatrician, the CISS may prove to 
be a highly cost-effective means of identifying patients 
with concussion-related vision deficits who might ben-
efit from referral to a concussion specialist or an eye 
care professional for a comprehensive visual and oculo-
motor evaluation beyond visual acuity testing and for 
possible treatment of accommodation, binocular vision, 
and eye movements. Future studies to determine poten-
tial cutoff scores for the CISS in identifying vision diag-
noses after concussion would be helpful.

Computerized neurocognitive testing with tools such 
as ImPACT are commonly used to aid in the diagnosis 
and management of acute concussions. In our study, 

vision disturbances were correlated with poorer com-
posite scores on visual motor speed, which might be 
expected in disorders of vision. In addition, vision diag-
noses were also associated with poorer verbal memory 
composite scores, which may reflect the role of the 
DLPC in both working memory and oculomotor func-
tion. This correlation may be due to multiple factors, 
including the visual nature of the computerized neuro-
cognitive test, as well as the overlapping function of the 
DLPC in executive function, memory, and oculomotor 
visual function. The fact that computerized neurocogni-
tive testing, in general, requires sustained visual atten-
tion on a computer screen and, therefore presents a high 
visual demand, may prove problematic for patients with 
vision diagnoses following concussion. The possibility 
of concussion-related vision diagnoses may need to be 
accounted for when interpreting the ImPACT test results 
much in the same way that adolescents with attention or 
other learning disorders may have global difficulty with 
neurocognitive testing.40

In the general population without concussion, there 
have been randomized clinical trials demonstrating the 
effectiveness of vergence/accommodative therapy for 
the treatment of convergence insufficiency and accom-
modative insufficiency.41-44 In addition, preliminary 
studies have shown promise for this type of therapy for 
the vision deficits following concussion in adults.45 Our 
results suggest that office-based vergence/accommoda-
tive therapy for vision disorders following concussion in 
adolescents warrants further study.

Limitations of our study include a potentially more 
clinically complicated sample than is seen in the general 
population with concussion. The Minds Matter 
Concussion Program at The Children’s Hospital of 
Philadelphia is a subspecialty referral program, and as 
such, our cohort may represent a concussion population 
with a greater likelihood of prolonged/complicated 
recovery or vision diagnoses than is seen in the general 
pediatric concussion population. Although we did not 
have a control group, published prevalence rates of these 
vision diagnoses in the general pediatric population are 
much lower than the high prevalence of vision diagno-
ses following concussion in our cohort.

Table 3. Relationship Between Neurocognitive Test Scores and Vision Diagnoses.

(−)Vision Diagnosis (+)Vision Diagnosis P

Verbal memory composite score 88.4 76.9 .002
Visual memory composite score 75.8 68.0 .66
Visual motor speed composite score 37.6 32.0 .005
Reaction time 0.58 0.66 1
Impulse control 6.8 7.8 .88
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In our study, the 29% of patients less than 1 month 
postinjury were more likely to have vision deficits than 
the 22% of patients greater than 3 months postinjury, 
which was statistically significant. This may indicate 
that vision diagnoses are a significant component of 
immediate postconcussion symptomatology, and, in 
some cases, may recover spontaneously on their own. It 
is possible that vision diagnoses are present in the esti-
mated 80% to 90% of concussion patients who recover 
spontaneously over the course of a few weeks,46 and 
therefore, presumably, their vision problems have also 
spontaneously recovered. While vision diagnoses are 
also seen in those with prolonged recoveries in our 
study, further study is needed to determine if they repre-
sent a negative prognostic predictor for complicated 
concussion recovery. Future study is also needed to 
determine which symptoms are an accurate predictor of 
the presence of these vision diagnoses, as the PCSS does 
not appear to identify a majority of patients with vision 
diagnoses while the CISS appeared to do better. A pro-
spective longitudinal study will be required to answer 
these important questions.

Given the high prevalence of vision diagnoses after 
concussion in the adolescent population, future studies 
should try to establish efficient clinical screening tools, 
such as the VOMS or CISS, that could be used by a 
pediatrician to identify the subset of patients who require 
further concussion care and comprehensive vision eval-
uation. In addition, a randomized controlled clinical trial 
is necessary in order to evaluate the potential benefits of 
possible interventions, such as vergence/accommodative 
therapy, for patients with vision diagnoses after 
concussion.

Conclusion

Vision diagnoses are prevalent in adolescents with con-
cussion and include convergence insufficiency, accom-
modative disorders and saccadic dysfunction. Symptoms 
of these problems may include double vision, blurry 
vision, headache, difficulty with reading or other visual 
work, such as the use of a tablet, smartphone, or com-
puter monitor in the school setting. This likely repre-
sents a significant morbidity for adolescents whose 
primary work is school, which is heavily visually ori-
ented. Recognition of these deficits is essential for clini-
cians who care for patients with concussion and the 
CISS may prove to be a useful screening tool for use in 
the future. Identification of these vision diagnoses will 
help physicians design necessary academic accommo-
dations for patients who have visual deficits and are 
attempting to reintegrate into school and learning while 
recovering from concussion.

Acknowledgments

We would like to thank Alissa Beckett, William Ensor, and 
Julia Lockyer for their assistance with this project.

Author Contributions 

CLM made a substantial contribution to the concept and 
design, acquisition of data and analysis and interpretation of 
data, drafted the article and revised it critically for important 
intellectual content and approved the version to be published.

MS, MG, AG, RLR and MFG made a substantial contribu-
tion to the concept and design, acquisition of data and analysis 
and interpretation of data, revised the article critically for 
important intellectual content and approved the version to be 
published.

SRM made a substantial contribution to the analysis and 
interpretation of data, revised the article critically for impor-
tant intellectual content and approved the version to be 
published.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this 
article: This study was supported by the American Medical 
Society for Sports Medicine Young Investigator Grant.

References

 1. Langlois JA, Rutland-Brown W, Wald MM. The epidemi-
ology and impact of traumatic brain injury: a brief over-
view. J Head Trauma Rehabil. 2006; 21:375-378.

 2. Faul M, Likang X, Wald MM, Coronado VG. Traumatic 
Brain Injury in the United States: Emergency Department 
Visits, Hospitalizations and Deaths 2002-2006. Atlanta, 
GA: US Department of Health and Human Services, 
Centers for Disease Control and Prevention, National 
Center for Injury Prevention and Control; 2010.

 3. Centers for Disease Control and Prevention. Nonfatal 
traumatic brain injury from sports and recreation activities—
United States 2001-2005. MMWR Morb Mortal Wkly Rep. 
2007;56(29):733-737.

 4. Gilchrist J, Thomas KE, Xu L, McGuire LC, Coronado 
V. Nonfatal traumatic brain injuries related to sports and 
recreation activities among persons aged <19 years—
United States 2001-2009. MMWR Morb Mortal Wkly Rep. 
2011;60:1337-1342.

 5. Zuckerman SL, Odom M, Lee YM, Forbes J, Sills AK, Solomon 
G. Sport-related concussion and age: number of days to neu-
rocognitive baseline. Neurosurgery. 2012;71:E558.

 6. Sim A, Terryberry-Spohr L, Wilson KR. Prolonged recov-
ery of memory functioning after mild traumatic brain injury 
in adolescent athletes. J Neurosurg. 2008;108:511-516.

 by guest on July 13, 2015cpj.sagepub.comDownloaded from 

http://cpj.sagepub.com/


Master et al 7

 7. Moser RS, Schatz P, Jordan BD. Prolonged effects 
of concussion in high school athletes. Neurosurgery. 
2005;57:300-306.

 8. Field M, Collins MW, Lovell MR, Maroon J. Does age 
play a role in recovery from sports-related concussion? 
A comparison of high school and collegiate athletes. J 
Pediatr. 2003;142:546-553.

 9. Makdissi M, Davis G, Jordan B, Patricios J, Purcell L, 
Putukian M. Revisiting the modifiers: how should the 
evaluation and management of acute concussions differ in 
specific groups? Br J Sports Med. 2013;47:314-320.

 10. Harmon KG, Drezner J, Gammons M, et al. American 
Medical Society for Sports Medicine position statement: 
concussion in sport. Clin J Sport Med. 2013;23:1-18.

 11. McCrory P, Meeuwisse WH, Aubry M, et al. Consensus 
statement on concussion in sport: the 4th International 
Conference on Concussion in Sport held in Zurich, 
November 2012. Br J Sports Med. 2013;47:250-258.

 12. Capo-Aponte JE, Urosevich TG, Temme LA, Tarbett AK, 
Sanghera NK. Visual dysfunctions and symptoms during 
the subacute stage of blast-induced mild traumatic brain 
injury. Mil Med. 2012;177:804-813.

 13. Goodrich GL, Kirby J, Cockerham G, Ingalla SP, Lew 
HL. Visual function in patients of a polytrauma reha-
bilitation center: a descriptive study. J Rehabil Res Dev. 
2007;44:929-936.

 14. Ciuffreda KJ, Kapoor N, Rutner D, Suchoff IB, Han 
ME, Craig S. Occurrence of oculomotor dysfunctions in 
acquired brain injury: a retrospective analysis. Optometry. 
2007;78:155-161.

 15. Brahm KD, Wilgenburg HM, Kirby J, Ingalla S, Chang 
CY, Goodrich GL. Visual impairment and dysfunction 
in combat-injured servicemembers with traumatic brain 
injury. Optom Vis Sci. 2009;86:817-825.

 16. Doble JE, Feinberg DL, Rosner MS, Rosner AJ. 
Identificain of binocular vision dysfucntion (vertical het-
erophoria) in traumatic brain injury patients and effects of 
individualized prismatic spectacle lenses in the treatment 
of postconcussive symptoms: a retrospective analysis. PM 
R. 2010;2:244-53.

 17. Green W, Ciuffreda KJ, Thiagarajan P, Szymanowicz D, 
Ludlam DP, Kapoor N. Accommodation in mild trau-
matic brain injury. J Rehabil Res Dev. 2010;47:183-199.

 18. Goodrich GL, Flyg HM, Kirby JE, Chang CY, Martinsen 
GL. Mechanisms of mTBI and visual consequences 
in military and veteran populations. Optom Vis Sci. 
2013;90:105-112.

 19. Stelmack JA, Frith T, Van Koevering D, Rinne S, 
Stelmack TR. Visual function in patients followed at a 
Veterans Affairs polytrauma network site: an electronic 
medical record review. Optometry. 2009;80:419-424.

 20. Suchoff IB, Kapoor N, Waxman R, Ference W. The 
occurrence of ocular and visual dysfunctions in an 
acquired brain-injured patient sample. J Am Optom Assoc. 
1999;70:301-308.

 21. Dougherty AL, MacGregor AJ, Han PP, Heltemes KJ, 
Galarneua MR. Visual dysfunction following blast-
related traumatic brain injury from the battlefield. Brain 
Inj. 2011;25:8-13.

 22. Master CL, Gioia GA, Leddy JJ, Grady MF. Importance 
of ‘return-to-learn’ in pediatric and adolescent concus-
sion. Pediatr Ann. 2012;41(9):1-6.

 23. Halstead ME, McAvoy K, Devore CD, Carl R, Lee M, 
Logan K; Council on Sports Medicine and Fitness, and 
Council on School Health. Returning to learning follow-
ing a concussion. Pediatrics. 2013;132:948-957.

 24. Ritty J, Solan H, Cool S. Visual and sensory-motor func-
tioning in the classroom: a preliminary report of ergo-
nomic demands. J Am Optom Assoc. 1993;64:238-244.

 25. Mucha A, Collins MW, Elbin RJ, et al. A brief Vestibular-
ocular Motor Screening (VOMS) assessment to evaluate 
concussions: preliminary findings. Am J Sports Med. 
2014;42:2479-2486.

 26. Chang A, Cohen A, Kapoor N. Top-down visual frame-
work for optometric vision therapy for those with trau-
matic brain injury. Optom Vis Perf. 2013;1(2):48-53.

 27. Borsting E, Rouse MW, Deland PN, et al. Association of 
symptoms and convergence and accommodative insuf-
ficiency in school-age children. Optometry. 2003;74: 
25-34.

 28. Borsting EJ, Rouse MW, Mitchell GL, et al. Validity 
and reliability of the revised Convergence Insufficiency 
Symptom Survey in children aged 9-18 years. Optom Vis 
Sci. 2003;80:832-838.

 29. Scheiman M, Wick B. Clinical Management of Binocular 
Vision: Heterophoric, Accommodative and Eye Movement 
Disorders. 4th ed. Philadelphia, PA: Lippincott; 2013.

 30. Lovell M. The imPACT neuropsychological test bat-
tery. In: Echemendia RJ, ed. Sports Neuropsychology: 
Assessment and Management of Traumatic Brain Injury. 
New York, NY: Guilford Press; 2006:193-215.

 31. Pardini D, Stump J, Lovell M, Collins M, Moritz K, Fu 
F. The Post-Concussion Symptom Scale (PCSS): a factor 
analysis. Br J Sports Med. 2004;38:661-662.

 32. Master CL, Grady MF. Office-based management 
of pediatric and adolescent concussion. Pediatr Ann. 
2012;41(9):1-6.

 33. R Core Team. R: A Language and Environment for 
Statistical Computing. Vienna, Austria: R Foundation for 
Statistical Computing; 2013. http://www.R-project.org/. 
Published March 20, 2013. Accessed March 11, 2014.

 34. Canty A, Ripley B. boot: Bootstrap R (S-Plus) Functions. 
R package version 1.3-9-1. https://launchpad.net/
ubuntu/+source/boot/1.3-9-1. Published March 26, 2013. 
Accessed March 11, 2014.

 35. Davison AC, Hinkley DV. Bootstrap Methods and Their 
Applications. Cambridge, England: Cambridge University 
Press; 1997.

 36. Stevenson M. epiR: an R package for the analysis of epi-
demiological data. R package version 0.9-57.URL http://
cran.r-project.org/web/packages/svSocket/index.html. 
Published March 2, 2014. Accessed March 11, 2014.

 37. Scheiman M, Gallaway M, Coulter S, et al. Prevalence of 
vision and ocular disease conditions in a clinical pediatric 
population. J Am Optom Assoc. 1996;67:193-202.

 38. Létourneau JE, Ducic S. Prevalence of convergence insuf-
ficiency among elementary school children. Can J Optom. 
1988;50:194-197.

 by guest on July 13, 2015cpj.sagepub.comDownloaded from 

http://www.R-project.org/
https://launchpad.net/ubuntu/+source/boot/1.3-9-1
https://launchpad.net/ubuntu/+source/boot/1.3-9-1
http://cran.r-project.org/web/packages/svSocket/index.html
http://cran.r-project.org/web/packages/svSocket/index.html
http://cpj.sagepub.com/


8 Clinical Pediatrics 

 39. Rouse MW, Borsting E, Hyman L, et al. Frequency of 
convergence insufficiency among fifth and sixth graders. 
Optom Vis Sci. 1999;76:643-649.

 40. Zuckerman SL, Lee YM, Odom MJ, Solomon GS, 
Sills  AK. Baseline neurocognitive scores in athletes with 
attention deficit-spectrum disorders and/or learning dis-
ability. J Neurosurg Pedatr. 2013;12:103-109.

 41. Scheiman M, Mitchell GL, Cotter S, et al. A randomized 
trial of the effectiveness of treatments for convergence 
insufficiency in children. Arch Ophthalmol. 2005;123: 
14-24.

 42. Convergence Insufficiency Treatment Trial Investigator 
Group. A randomized clinical trial of treatments for 
symptomatic convergence insufficiency in children. Arch 
Ophthalmol. 2008;126:1336-1349.

 43. Scheiman M, Gwiazda J, Li T. Non-surgical interventions 
for convergence insufficiency. Cochrane Database Syst 
Rev. 2011;(3):CD006768.

 44. Scheiman M, Cotter S, Kulp MT, et al. Treatment of 
accommodative dysfunction in children: results from 
a randomized clinical trial. Optom Vis Sci. 2011;88: 
1343-1352.

 45. Thiagarajan P, Ciuffreda KJ. Effect of oculomotor reha-
bilitation on vergence responsivity in mild traumatic 
brain injury. J Rehabil Res Dev. 2013;50:1223-1240.

 46. McCrea M, Guskiewicz K, Randolph C, et al. Incidence, 
clinical course, and predictors of prolonged recov-
ery time following sport-related concussion in high 
school and college athletes. J Int Neuropsychol Soc. 
2013;19:22-33.

 by guest on July 13, 2015cpj.sagepub.comDownloaded from 

http://cpj.sagepub.com/

