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ABSTRACT 

The aim of this study was to compare the visual field (VF) categorizations (based on the severity of VF defects) between 
adolescent boys with hearing impairments and those with normal hearing. This cross-sectional study involved the 
evaluation of the VF of 64 adolescent boys with hearing impairments and 68 age-matched boys with normal hearing at 
high schools in Tehran, Iran, in 2013. All subjects had an intelligence quotient (IQ) > 70. The hearing impairments were 
classified based on severity and time of onset. Participants underwent a complete eye examination, and the VFs were 
investigated using automated perimetry with a Humphrey Visual Field Analyzer. This device was used to determine their 
foveal threshold (FT), mean deviation (MD), and Glaucoma Hemifield Test (GHT) results. Most (50%) of the boys with 
hearing impairments had profound hearing impairments. There was no significant between-group difference in age (P = 
0.49) or IQ (P = 0.13). There was no between-group difference in the corrected distance visual acuity (P = 0.183). 
According to the FT, MD, and GHT results, the percentage of boys with abnormal VFs in the hearing impairment group 
was significantly greater than that in the normal hearing group: 40.6% vs. 22.1%, 59.4% vs. 19.1%, and 31.2% vs. 8.8%, 
respectively (P < 0.0001). The mean MD in the hearing impairment group was significantly worse than that in the normal 
hearing group (-0.79 ± 2.04 and -4.61 ± 6.52 dB, respectively, P < 0.0001), and the mean FT was also significantly worse 
(38.97 ± 1.66 vs. 35.30 ± 1.43 dB, respectively, P <0.0001). Moreover, there was a significant between-group difference 
in the GHT results (P < 0.0001). Thus, there were higher percentages of boys with VF abnormalities and higher mean MD, 
FT, and GHT results among those with hearing impairments compared to those with normal hearing. These findings 
emphasize the need for detailed VF assessments for patients with hearing impairments. 
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INTRODUCION 

Among children with hearing impairments, having a 

normal visual system is essential for developing efficient 

communication skills and for discovering and extracting 

information from the world (1). Notably, ocular and 

visual anomalies such as refractive errors, difficulty 

sustaining visual attention
 

(2),
 

and ocular motor 

abnormalities
 
(3) are more likely to occur in children with 

hearing impairments compared to those with normal 

hearing and the general population.
 

These findings 

emphasize the importance of early visual assessments for 

people with hearing loss in order to diagnose any vision-

related impairment when they are young (1). The 

prevalence of birth defects that cause hearing 

impairments is 0.1–0.3% (4, 5), and > 20 million people in 

the United States are affected by hearing impairments 

(6). In individuals with profound hearing impairments, 

the detection of environmental changes and orienting of 

attention rely primarily on vision, and sensory 

deprivation is associated with crossmodal neuroplastic 

changes in the brain (7-9). Merabet and Pascual-Leone 

showed that auditory or visual deprivation can lead to 

the recruitment of the brain areas normally associated 

with the deprived sense for use by the spared senses; 

however, these changes can sometimes be maladaptive 

in light of potential of rehabilitative efforts to restore 

sensory function after it has been lost or fails to develop 

(10). Early detection and appropriate management of 

these adaptations and of defects such as visual field (VF) 

abnormalities can improve a patient’s vision-related 

quality of life (11, 12). VF loss is associated with a risk of 

other vision-related impairments (11, 12), and early 

detection of these impairments is also important. 

Many researchers have evaluated the visual performance 

of patients with hearing impairments. For example, Scott 

et al. used functional magnetic resonance imaging to 

show that there was asymmetry in peripheral visual 

processing among individuals with hearing impairments 

(13),
 
and Rothpletz et al. reported slower responses to 

peripheral visual targets among adults with hearing loss 

compared those with normal hearing (14). However, the 

majority of these studies have focused on the prevalence 

of visual abnormalities, and few studies have examined 

the VF and peripheral visual processing in individuals 

with hearing loss. This study was designed to investigate 

VF categorizations (based on the severity of VF defects) 

and their association with other visual parameters in 

adolescent boys with hearing impairments. In addition, 

the outcomes were compared to normative data from 

age-matched boys with normal hearing.
 

MATERIALS AND METHODS 

Study Design and Ethics Approval 

The study is a cross-sectional study that was conducted 

from March to June 2013, and the study team consisted 

of an optometrist, an ophthalmologist, a speech 

therapist, an audiologist, and a psychologist. The ethics 

committee at Mashhad University of Medical Sciences 

approved the study protocol in 2012 (registration 

number: 900857), and the study was performed 

according to the tenets of the Declaration of Helsinki. 

After a verbal explanation of the aim of the study and the 

methods that would be used was provided to the 

potential subjects and their parents, written informed 

consent was obtained from all the boys included in the 

study and their parents.  

Study Subjects 

The cases were male high school students with IQs > 70 

who had hearing impairments, and the controls were 

male high school students with IQs > 70 and normal 

hearing. The two samples were randomly selected from 

the state high schools in Tehran, Iran (with the cases 

being recruited from high schools for deaf students). 

Personal information (including age and ethnicity) was 

documented. Subsequently, to ensure the accuracy of 

tests (15), the potential subjects completed an IQ test 

(the Wechsler Intelligence Scale for Children-Revised 

(WISC-R), which has a reliability and validity of 0.73 (16-

19)) to determine which students met the eligibility 

threshold of > 70.  

We excluded boys with systemic diseases (such as 

diabetes), those who took certain medications and 

consumed special drugs, those who had ocular 

pathologies, those who had undergone previous eye 

surgery, and those who cooperated poorly during the 

examinations.  
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As a result, the study sample consisted of 64 subjects in 

the hearing impairments group and 68 in the normal 

hearing group. Due to the correlation between the 

outcomes for paired eyes of single subjects (which can 

lead to underestimation of P values), the data of only one 

eye (the right eye) of each subject were included in the 

analysis. 

Audiometry 

The hearing impairments of the cases were investigated 

by the audiologist. In accordance with a study by 

Hollingsworth et al., the subjects were classified into 

different groups based on the severity of their hearing 

impairment (mild [20 – 40 dB], moderate [41 – 70 dB], 

severe [71 – 95 dB], and profound [> 95 dB] and time of 

onset (congenital and acquired) (3). 

Ocular and Visual Assessments 

All subjects underwent a full ophthalmic examination 

(including a biomicroscopic evaluation and 

ophthalmoscopy) to exclude the boys with ocular 

pathologies (including corneal or lenticular opacities). 

Refractive errors were measured objectively and the 

results were refined using a subjective refraction 

assessment. The corrected distance visual acuity (CDVA) 

was measured using a standard Snellen chart at a 

distance of 20 ft, and it was recorded in Logarithm of the 

Minimum Angle of Resolution (logMAR) units. VF was 

evaluated using a Humphrey 750i Visual Field Analyzer 

(Carl Zeiss Meditec AG, Jena, German). All the 

measurements obtained using this device were done so 

in a consistent manner, based on the manufacturer’s 

guidelines, and a representative of the manufacturer 

checked the calibration of the device before the 

measurements were taken. The central VF was assessed 

using the 30-2 Full Threshold program. This program 

tests 76 points within the central 30°, and it uses a 6°-

spaced grid offset from the vertical and horizontal 

meridians. After the subject was prepared and the 

ambient lighting in the room was reduced, the 30-2 

program was selected from the main menu. The subject 

was allowed to adapt to the luminance while entering 

their information. The non-test eye was occluded and the 

subject held the response button in their hand. 

Whenever necessary, trial lenses were placed in front of 

the test eye as close to the eye as possible without 

touching the eyelashes.  

After ensuring the validity of the results for each subject 

with respect to the reliability indices (i.e., fixation losses, 

false-negative error, and false-positive error), the 

following variables were recorded: foveal threshold (FT) 

in dB, mean deviation (MD) in dB, and glaucoma 

hemifield test (GHT) result. We interpreted the 

automated perimetry outcomes based on those of 

previous studies (20-22). The GHT results were classified 

as normal if they were “within normal limits” and 

abnormal if they were “outside normal limits” or 

“borderline” (20, 21)). In accordance with previous 

studies, abnormal VFs were categorized into three 

groups based on their severity: normal, mild, moderate, 

and severe (23, 24). After repeating the tests for the 

other eye, the results were printed out in a single-field 

analysis format. 

Statistical Analysis 

Statistical analysis was performed using Statistical 

Package for Social Sciences (SPSS) for Windows version 

22 (IBM Inc., Chicago, IL, USA). Descriptive statistics 

(means, standard deviations, frequencies, and 

proportions) were calculated. The normality of the data 

was assessed using the Kolmogorov–Smirnov test, and 

parametric and nonparametric tests were applied 

accordingly. We used independent-samples t-tests and 

Fisher’s exact tests to determine whether there were 

significant between-group differences in the means and 

proportions, respectively. P values < 0.05 were 

considered statistically significant. 

RESULTS 

There was no significant between-group difference in age 

(P = 0.49), with a mean age of 16 in both groups and a 

range of 14 – 18 years in both groups. There was also no 

significant between-group difference in IQ (P = 0.13), 

with a mean IQ in the hearing impairment and normal 

hearing group of 97.8 (range: 61 – 129) and 101.1 (range: 

61 – 138), respectively. The groups were also well 

matched in terms of ethnicity. Table 1 shows the 

frequency of hearing impairments by severity and time of 

onset in the hearing impairment group. In terms of the 

severity of the hearing impairments in the hearing 
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impairment group, none of the boys showed a mild 

impairment. If the moderate and severe impairments are 

categorized in one group and the profound impairments 

are categorized in another group, Fisher’s exact test 

indicated that there was no significant between-group 

difference in the time of onset of hearing loss (P = 0.78). 

The mean CDVA in the hearing impairment and control 

group was 0.03 ± 0.07 logMAR (range: 0.0 – 0.30 

logMAR) and 0.01 ± 0.06 logMAR (range: 0.00 – 0.40 

logMAR), respectively, with no significant between-group 

difference (P = 0.183). Furthermore, 86% and 96% of the 

boys with hearing impairments and those with normal 

hearing, respectively, had a CDVA of 0.00 logMAR or 

better. The frequency distribution of the different types 

of refractive errors in the two groups is presented in 

Table 2. The frequency distributions of MD, FT, and GHT 

classifications in the two groups are displayed in Table 3. 

The frequency distribution in the two groups of the VF 

categorizations (including the distribution by the severity 

and time of onset of hearing impairment for those in the 

hearing impairment group) is displayed in Table 4. 

 

Table 1. Severity of hearing impairments by time of onset in the hearing impairment group (n = 64) 

Severity Moderate Severe Deep Total 

Congenital 6 (9.4) 20 (31.2) 31 (48.4) 57 (89.1) 

Acquired - 6 (9.4) 1 (1.5) 7 (10.9) 

Total 6 (9.4) 26 (40.6) 32 (50.0) 64 (100.0) 

Data in table are presented and No. (%). 

 

Table 2. Types of refractive error in the hearing impairment and control groups  

Type of RE Hyperopia (≥ +1.00 D) Myopia (≥ -0.50 D) Astigmatism * 

Hearing Loss (n = 64) 14 (21.9%) 5 (7.8%) 14 (21.9%) 

Control (n = 68) 12 (17.6%) 9 (13.2%) 10 (14.7%) 

* Astigmatism (Myopia/ Plano/ Hyperopia + Astigmatism ≥ 0.75) 

 

Table 3. Foveal Threshold, Mean Deviation, and Glaucoma Hemifield Test classifications in the hearing impairment and 

control groups  

Test and Status Hearing n (%) Hearing loss n (%) 

GHT   

Normal 62 (91.2) 44 (68.8) 

Abnormal 6 (8.8) 19 (31.2) 

MD   

Normal 55 (80.9) 26 (40.6) 

Abnormal 13 (19.1) 38 (59.4) 

FT   

Normal 53 (77.9) 38 (59.4) 

Abnormal 15 (22.1) 26 (40.6) 

GHT: Glaucoma Hemifield Test, MD: Mean Deviation, FT: Foveal Threshold. There was a significant difference in the mean 

GHT result between the hearing impairment and normal hearing group (P < 0.0001). 
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The percentage of boys with normal VF and mild, 

moderate, and severe VF defects in subjects with 

congenital versus acquired hearing loss was 43.9% vs. 

28.6%, 24.6% vs. 42.9%, 10.5% vs. 14.3%, and 21.1% vs. 

14.3%, respectively. The percentage of boys with each of 

the three types of VF defect (based on the FT, MD, and 

GHT results) was significantly greater in the hearing 

impairment group compared to those in the normal 

hearing group: 40.6% vs. 22.1%, 59.4% vs. 19.1%, and 

31.2% vs. 8.8%, respectively (P < 0.0001). The mean MD 

and FT in the two groups is presented in Table 5. There 

was a significant difference in the mean MD (P < 0.0001) 

and FT (P < 0.0001) between the two groups. 

 

Table 4. Visual field categorization (based on the severity of defects) in the hearing impairment and control groups, and the visual field 

categorization by severity and time of onset of hearing loss for the boys in the hearing impairment group 

VF Status Abnormal Normal 

 Moderate Severe Deep  

 Congenital Acquired Congenital Acquired Congenital Acquired  

Normal 4 (6.2) - 10 (15.6) 2 (3.1) 11 (17.2) - 48 (70.5) 

Abnormal        

Mild 1 (1.6) - 3 (4.7) 3 (4.7) 10 (15.6) - 12 (17.6) 

Moderate 1 (1.6) - 2 (3.1) - 3 (4.7) 1 (1.6) 6 (8.8) 

Severe - - 5 (7.8) 1 (1.6) 7 (10.9) - 2 (2.9) 

Total 6 (9.4) - 20 (31.2) 6 (9.4) 31 (48.4) 1 (1.6) 68 (100) 

Data in table are presented as No. (%). 

 

Table 5. Mean deviation and foveal threshold (dB) in the hearing impairment and control groups  

 Mean ± SD Maximum Minimum 

Mean deviation    

Hearing -0.79 ± 2.04 2.44 -7.48 

Hearing Loss -4.61 ± 6.52 2.15 -26.95 

Foveal Threshold    

Hearing 38.97 ± 1.66 43.00 35.00 

Hearing Loss 35.30 ± 1.43 38.00 31.00 

 

DISCUSSION

Using a Humphrey Visual Field Analyzer and an 

automated perimetry method (which is the gold standard 

method for VF testing (22)), this study showed that VF 

abnormalities were more common in boys with hearing 

impairments compared to those with normal hearing. 

The percentage of boys with abnormal FT, MT, and GHT 

results among the boys with hearing impairments versus 

those with normal hearing was 40.6% vs. 22.1%, 59.4% 

vs. 19.1%, and 31.2% vs. 8.8%, respectively (P < 0.0001). 

However, the normality values for MD and FT in the two 

groups were significantly different. Earlier studies have 

shown that there is a high incidence of visual 

impairments (such as refractive errors, strabismus, and 

ocular pathologies) in the hearing-impaired population. 

However, none of these studies explored the type and 

severity of VF abnormalities. Dye et al. stated: “following 

early auditory deprivation, visual attention resources 

toward the periphery slowly get augmented to eventually 

result in a clear behavioral advantage by pre adolescence 

on a selective visual attention task” in their study on the 

use of a Useful Field of View test in individuals with 

hearing impairments (25). 
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In this study, 14% of the boys with hearing impairments 

had a CDVA > 0.00 logMAR. This finding is similar to that 

of a study by Arming et al., which showed that even after 

perfect correction of the eyes, 10.8% of the subjects did 

not have normal visual acuity (26). The most common 

types of refractive error in the boys with hearing 

impairments were hyperopia and astigmatism. The least 

common type was myopia (7.8%), which concurs with the 

results of a study by Mohindra et al., which showed that 

5.8% of X had myopia (27). KhorramiNejad et al. reported 

that the percentage of boys with hearing loss who had 

any type of refractive error was 39.9%, and the 

percentage myopia in particular was 12.6% (28). The 

lower percentage of boys with myopia in our study may 

be attributable to the exclusion of boys with ocular 

pathologies, which did not occur in the study by 

KhorramiNejad et al. (28). The most common VF category 

(based on the severity of VF defects) in both groups was 

normal, and the least common category in both groups 

was moderate. The second most common category in the 

hearing impairment group was mild. Using an arcuate 

perimeter, Khandekar et al. assessed peripheral VFs in 

people with hearing loss, and they found that only one 

subject had a VF defect (but there was no information on 

the type and severity of this defect) (29).
 
The significant 

differences between our study and this previous study 

may be attributable to differences in methodology and 

test sensitivity. Using a manual Goldmann perimeter, 

Buckley et al. showed that there was a significant 

increase in the size of the VF in people with hearing loss 

compared to those with normal hearing (30). This 

contrasts with our results, which indicate that the 

hearing impairment group had a higher percentage of FT 

abnormalities compared to the normal hearing group. 

However, there were differences in our study and the 

study by Buckley et al. in terms of the aims and methods.  

In another study, Codina et al. used a static perimetry 

technique that was specially designed for children and 

found that the response to environmental stimuli among 

children with hearing loss involved significantly shorter 

reaction times compared to those among children with 

normal hearing (31).
 
In contrast to their special perimetry 

method for evaluating the response time to 

environmental stimuli, we studied VF global indices in 

boys with normal hearing and hearing impairments. In 

addition, Codina et al. studied the differences in the 

response time to environmental stimuli among children 

of different ages while we compared the VF 

abnormalities between students with hearing 

impairments and those with normal hearing. 

CONCLUSIONS 

Despite the fact that individuals with hearing 

impairments are more dependent on a healthy VF in 

comparison to those with normal hearing, people with 

hearing loss have a considerable risk of having visual 

problems. A higher percentage of adolescent boys in the 

hearing impairment group had VF abnormalities 

compared to those in the normal hearing group. In 

addition, the mean MD, FT, and GHT results were worse 

in boys with hearing impairments compared to those 

with normal hearing. This indicates the importance of 

carrying out VF diagnostic tests among people with 

hearing impairments. 

DISCLOSURE 

Conflicts of Interest: None declared. 

No funding or sponsorship was received for this study. All 

the aforementioned authors met the International 

Committee of Medical Journal Editors (ICMJE) criteria for 

authorship for this manuscript, take responsibility for the 

integrity of the work as a whole, and have provided 

approval for the revised manuscript to be published. 

 

REFERENCES

1. Nikolopoulos TP, Lioumi D, Stamataki S, O'Donoghue 
GM. Evidence-based overview of ophthalmic 
disorders in deaf children: a literature update. 
Otology & neurotology : official publication of the 
American Otological Society, American Neurotology 

Society [and] European Academy of Otology and 
Neurotology. 2006;27(2 Suppl 1):S1-24, discussion S0. 
PMID: 16452831 

2. Horn DL, Davisa RA, Pisoni DB, Miyamoto RT. Visual 
attention, behavioral inhibition and speech/language 

http://www.ncbi.nlm.nih.gov/pubmed/16452831


 
 

Med Hypothesis Discov Innov Ophthalmol. 2016; 5(2)  
 

69 VISUAL FIELD ABNORMALITIES IN BOYS WITH HEARING IMPAIRMENTS 

outcomes in deaf children with cochlear implants. 
International congress series. 2004;1273:332-5. 
PMID: 23100855 

3. Hollingsworth R, Ludlow AK, Wilkins A, Calver R, Allen 
PM. Visual performance and ocular abnormalities in 
deaf children and young adults: a literature review. 
Acta ophthalmologica. 2014;92(4):305-10. PMID: 
24330468 

4. Nelson HD, Bougatsos C, Nygren P, Force USPST. 
Universal newborn hearing screening: systematic 
review to update the 2001 US Preventive Services 
Task Force Recommendation. Pediatrics. 
2008;122(1):e266-76. PMID: 18595973 

5. Thompson DC, McPhillips H, Davis RL, Lieu TL, Homer 
CJ, Helfand M. Universal newborn hearing screening: 
summary of evidence. Jama. 2001;286(16):2000-10. 
PMID: 11667937 

6. Ries PW. Prevalence and characteristics of persons 
with hearing trouble: United States, 1990-91. Vital 
and health statistics Series 10, Data from the National 
Health Survey. 1994(188):1-75. PMID: 8165784 

7. Bottari D, Nava E, Ley P, Pavani F. Enhanced reactivity 
to visual stimuli in deaf individuals. Restorative 
neurology and neuroscience. 2010;28(2):167-79. 
PMID: 20404406 

8. Lore WH, Song S. Central and peripheral visual 
processing in hearing and nonhearing individuals. Bull 
Psychonomic Soc. 1991;29(5):437-40.  

9. Reynolds HN. Effects of foveal stimulation on 
peripheral visual processing and laterality in deaf and 
hearing subjects. The American journal of psychology. 
1993;106(4):523-40. PMID: 8296925 

10. Merabet LB, Pascual-Leone A. Neural reorganization 
following sensory loss: the opportunity of change. 
Nature reviews Neuroscience. 2010;11(1):44-52. 
PMID: 19935836 

11. McKean-Cowdin R, Varma R, Wu J, Hays RD, Azen SP, 
Los Angeles Latino Eye Study G. Severity of visual field 
loss and health-related quality of life. American 
journal of ophthalmology. 2007;143(6):1013-23. 
PMID: 17399676 

12. Qiu M, Wang SY, Singh K, Lin SC. Association between 
visual field defects and quality of life in the United 
States. Ophthalmology. 2014;121(3):733-40. PMID: 
24342021 

13. Scott GD, Karns CM, Dow MW, Stevens C, Neville HJ. 
Enhanced peripheral visual processing in congenitally 
deaf humans is supported by multiple brain regions, 
including primary auditory cortex. Front Hum 
Neurosci. 2014;8:177. PMID: 24723877 

14. Rothpletz AM, Ashmead DH, Thorpe AM. Responses 
to targets in the visual periphery in deaf and normal-
hearing adults. Journal of speech, language, and 
hearing research : JSLHR. 2003;46(6):1378-86. PMID: 
14700362 

15. Vernon M. Fifty years of research on the intelligence 
of deaf and hard-of-hearing children: a review of 
literature and discussion of implications. Journal of 
deaf studies and deaf education. 2005;10(3):225-31. 
PMID: 15888725 

16. Axelrod BN, Ryan JJ. Prorating Wechsler Adult 
Intelligence Scale-III summary scores. Journal of 
clinical psychology. 2000;56(6):807-11. PMID: 
10877468 

17. Ghaderpanah M, Farrahi F, Khataminia G, 
Jahanbakhshi A, Rezaei L, Tashakori A, et al. 
Comparing Intelligence Quotient (IQ)among 3 to 7-
year-old strabismic and nonstrabismic children in an 
Iranian population. Glob J Health Sci. 2015;8(3):26-36. 
PMID: 26493422 

18. Pourmohamadreza-Tajrishi M, Ashori M, Jalilabkenar 
SS. The Effectiveness of Emotional Intelligence 
Training on the Mental Health of Male Deaf Students. 
Iran J Public Health. 2013;42(10):1174-80. PMID: 
26060627 

19. Ryan JJ, Schnakenberg-Ott SD. Scoring reliability on 
the Wechsler Adult Intelligence Scale-Third Edition 
(WAIS-III). Assessment. 2003;10(2):151-9. PMID: 
12801187 

20. Asman P, Heijl A. Glaucoma Hemifield Test. 
Automated visual field evaluation. Archives of 
ophthalmology (Chicago, Ill : 1960). 1992;110(6):812-
9. PMID: 1596230 

21. Asman P, Heijl A. Evaluation of methods for 
automated Hemifield analysis in perimetry. Archives 
of ophthalmology (Chicago, Ill : 1960). 
1992;110(6):820-6. PMID: 1596231 

22. Thomas R, George R. Interpreting automated 
perimetry. Indian journal of ophthalmology. 
2001;49(2):125-40. PMID: 15884520 

23. Hodapp E, Parrish R, Anderson D. Clinical Decisions in 
Glaucoma. St Louis, Missouri: Mosby Inc; 1993. 

24. Susanna R, Jr., Vessani RM. Staging glaucoma patient: 
why and how? The open ophthalmology journal. 
2009;3:59-64. PMID: 19834563 

25. Dye MW, Hauser PC, Bavelier D. Is visual selective 
attention in deaf individuals enhanced or deficient? 
The case of the useful field of view. PloS one. 
2009;4(5):e5640. PMID: 19462009 

26. Armitage IM, Burke JP, Buffin JT. Visual impairment in 
severe and profound sensorineural deafness. 

http://www.ncbi.nlm.nih.gov/pubmed/23100855
http://www.ncbi.nlm.nih.gov/pubmed/24330468
http://www.ncbi.nlm.nih.gov/pubmed/24330468
http://www.ncbi.nlm.nih.gov/pubmed/18595973
http://www.ncbi.nlm.nih.gov/pubmed/11667937
http://www.ncbi.nlm.nih.gov/pubmed/8165784
http://www.ncbi.nlm.nih.gov/pubmed/20404406
http://www.ncbi.nlm.nih.gov/pubmed/8296925
http://www.ncbi.nlm.nih.gov/pubmed/19935836
http://www.ncbi.nlm.nih.gov/pubmed/17399676
http://www.ncbi.nlm.nih.gov/pubmed/24342021
http://www.ncbi.nlm.nih.gov/pubmed/24342021
http://www.ncbi.nlm.nih.gov/pubmed/24723877
http://www.ncbi.nlm.nih.gov/pubmed/14700362
http://www.ncbi.nlm.nih.gov/pubmed/14700362
http://www.ncbi.nlm.nih.gov/pubmed/15888725
http://www.ncbi.nlm.nih.gov/pubmed/10877468
http://www.ncbi.nlm.nih.gov/pubmed/10877468
http://www.ncbi.nlm.nih.gov/pubmed/26493422
http://www.ncbi.nlm.nih.gov/pubmed/26060627
http://www.ncbi.nlm.nih.gov/pubmed/26060627
http://www.ncbi.nlm.nih.gov/pubmed/12801187
http://www.ncbi.nlm.nih.gov/pubmed/12801187
http://www.ncbi.nlm.nih.gov/pubmed/1596230
http://www.ncbi.nlm.nih.gov/pubmed/1596231
http://www.ncbi.nlm.nih.gov/pubmed/15884520
http://www.ncbi.nlm.nih.gov/pubmed/19834563
http://www.ncbi.nlm.nih.gov/pubmed/19462009


 
 

Med Hypothesis Discov Innov Ophthalmol. 2016; 5(2)  
 

70 VISUAL FIELD ABNORMALITIES IN BOYS WITH HEARING IMPAIRMENTS 

Archives of disease in childhood. 1995;73(1):53-6. 
PMID: 7639551 

27. Mohindra I. Vision profile of deaf children. American 
journal of optometry and physiological optics. 
1976;53(8):412-9. PMID: 1086599 

28. Khorrami Nejad M, Akbari MR, Ranjbar Pazooki M, 
Aghazadeh Amiri M, Askarizadeh F, Moeini Tabar MR, 
et al. The prevalence of refractive errors and 
binocular anomalies in students of deaf boys schools 
in Tehran. Iranian J Ophthalmol. 2014;26(4):183-8.  

29. Khandekar R, Al Fahdi M, Al Jabri B, Al Harby S, 
Abdulamgeed T. Visual function and ocular status of 

children with hearing impairment in Oman: a case 
series. Indian journal of ophthalmology. 
2009;57(3):228-9. PMID: 19384020 

30. Buckley D, Codina C, Bhardwaj P, Pascalis O. Action 
video game players and deaf observers have larger 
Goldmann visual fields. Vision research. 
2010;50(5):548-56. PMID: 19962395 

31. Codina C, Buckley D, Port M, Pascalis O. Deaf and 
hearing children: a comparison of peripheral vision 
development. Developmental science. 
2011;14(4):725-37. PMID: 21676093

 

http://www.ncbi.nlm.nih.gov/pubmed/7639551
http://www.ncbi.nlm.nih.gov/pubmed/1086599
http://www.ncbi.nlm.nih.gov/pubmed/19384020
http://www.ncbi.nlm.nih.gov/pubmed/19962395
http://www.ncbi.nlm.nih.gov/pubmed/21676093

