Journal of Clinical Research and Ophthalmology ﬂeﬂe@hz

Chinnery Holly L' and Thompson
Simon BN'3*

Psychology Research Centre, Faculty of Science &
Technology, Bournemouth University, UK
’International Scientific Council for Research,
University Paris X Ouest Nanterre La Defense,
France

*Dementia Institute, Bournemouth University, UK

Dates: Received: 13 August, 2015; Accepted: 18
September, 2015; Published: 23 September, 2015

*Corresponding author: Simon B N Thompson,
Associate Professor of Clinical Psychology &
Neuropsychology, Psychology Research Centre,
Faculty of Science & Technology, Bournemouth
University, Poole House (P305), Poole, BH12
5BB, UK, Tel: +44 1202 961558; E-mail: simont@
bournemouth.ac.uk

www.peertechz.com

Short Communication

Sensory Compensation in Children
Following Vision Loss after Trauma
and Disease

Abstract

Sensory compensation or sensory substitution occurs when a sense organ, such as the eye, is lost
due to trauma or disease. Individuals often experience phantom limb sensation or pain but research
increasingly points towards some individuals developing a heightened level of functioning in their
remaining senses, particularly in their remaining intact eye. Losing an eye at an early age can often
result in “super functioning” in the remaining eye providing that no similar trauma or disease results.
Cases include young children who have undergone enucleation because of diagnosed unilateral
retinoblastoma and whose remaining eye is free from disease.
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Introduction

Typically when someone loses a sense due to trauma, injury or
disease, the loss is considered to be deprivation and the person is
often labelled with a disability. Loss of a body part not only impacts
functionality but it can also affect the individual cosmetically and,
in turn, affects the individual’s psychological and psychosocial
wellbeing. Historically, restorative measures towards the sensory
loss has focused on the perception that it is a loss, rather than
a change that may, in fact, leave the person with a different set of
senses as compared with fewer senses. This has been because our
understanding of the environment has placed great emphasis on the
reliance of sensory feedback [1].

However, there is a growing trend towards regarding sensory
losses as changes to lifestyle that render the person with a new growth
and direction for life goals, termed post-traumatic growth [2], rather
than sensory deprivation. In the research literature, there has been a
trend towards case histories and anecdotes from practitioners’ notes,
rather than controlled trials with significant patient numbers because
of rarity of conditions and because of the individual differences of the
losses and impact that these sensory losses may cause.

Recognizing sensory loss can sometimes result in the person
functioning above average with the remaining senses. There are
numerous anecdotes of compensatory features from the learning
disability and autism literature [3] and in cases where children
have not been conscious of their loss or difference until later life,
such as being born functionally blind, or losing an eye following
trauma (accident of disease, cancer), these children may experience
heightened aural senses, touch, and olfactory senses [4].

Phantom limb pain has been well documented [5] where patients

continue to experience pain and sensations in the amputated limb;
and those with prostheses often become accustomed to the loss and
to the artificial limb [6]. Edmonds [7], suggests differences in ability
might be termed “diffability” rather than “disability”, emphasizing
individual differences instead regarding them as losses.

Exploration of the impact of health related disorders has
opened the gateway not only to acceptance and support, but also to
the mechanics behind loss. Anecdotal reports on a loss of sense or
senses, suggests that ‘super-functioning’ may sometimes occur in a
person who has lost a sense organ or the functionality of a sensory
organ such as the eye or ear. Referred to as ‘sensory compensation’,
this phenomenon is increasingly attracting interest and beginning
to be investigated from within a number of different professional
disciplines.

Sensory compensation has also become known as ‘sensory
substitution’ because it can be the replacement of one sensory modality
by another, for example, blind individuals may use touch to ‘see’ [8].
It involves perception but also brain plasticity. Neuroplasticity [9]
has been accepted for some time as a process evidenced in recovering
stroke patients whose neural brain pathways re-route or re-circuit to
find alternative compensatory ways of functioning in the presence
of a damaged neural pathway or when function is lost because of an
incompletely innervated muscle fiber.

Reports of compensation by some patients with a loss in sense
modality, suggests that a neurological function may be occurring.
Karns et al. [10], found that the auditory cortex of individuals born
deaf, processes other senses such as touch and vision. Similar results
were found by Gougoux et al. [11]. Brain-imaging studies found that
the visual cortex in blind individuals was being used for other sense
modalities such as touch and smell.

It is thought that the neural reorganization in the areas of the
brain that handles sensory information allows a sensory impaired
individual to become progressively sensitive to other sensory stimuli.
Typically, when an area of the brain is no longer active, the brain cells
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die leading to the release of neurotransmitters. Rauschecker [12],
suggests that neurotransmitters reorganize sensory representations
that form the neural basis of sensory substitution. With compensation
not occurring in every affected individual, it is thought that some
neural systems are not plastic and that age and experience plays a key
role in this ability.

Neuroplasticity has been found to occur most often in children.
This is because our brains are malleable enough at a young age to
rewire some circuits that process sensory information. The earlier a
sense is lost, the more likely it will be compensated by another sense.
Although research into early life compensation is increasing, we are
still in an era where this ability is not yet fully understood. Due to
the logistics of investigating this theory in humans, the majority of
studies have been conducted on animals.

Sensory compensation for loss of vision

Two theories exist to how blindness affects the other senses: (1)
blindness may lead to compensation of the other senses; (2) early
blindness may halt the development of perceptual and cognitive
mechanisms, disallowing the other senses to compensate [13].

Research into cats and ferrets have indicated that early loss of
vision is associated with improved ability to localize sounds [14-17]
found that cats that were visually deprived for several years as a result
of having their eyelids sutured shortly after birth showed increased
auditory use in the visual cortex with their auditory spatial tuning
being sharpened in the auditory cortex.

Investigating whether compensation occurs in adults, Petrus et
al. [18], deprived adult mice of their sight. After one week, the mice
were placed in a sound proof chamber where they were subjected
to a series of one-note tones to test their hearing. They found that
the mice developed more neural connections and were better able
to discriminate among pitches and hear softer sounds. Within a few
weeks of having their vision restored, their hearing returned back to
normal, indicating that the brain is less hard-wired than previously
assumed. With mice typically having poor vision but ultrasonic
hearing, this finding may not be transferrable to humans. Nonetheless,
behavioral and neuroimaging studies have found that blind-sighted
humans often demonstrate enhanced auditory abilities [11].

By compensating for their lack of vision by using their other
sensory modalities, blind-sighted individuals often outperform
sighted individuals in non-visual tasks such as reading Braille [19];
memory retrieval [20]; unfamiliar voice recognition [21]; verbal
memory [20]; auditory spatial discrimination [22]; and musical
abilities [23]. Interestingly, not all studies have shown this advantage
making the theory of neuroplasticity more enigmatic.

Sudden and complete loss of vision results in rapid changes in
the visual cortex which reverts back to normal following restoration
of sight [24]. Instead of establishing new neural pathways, the visual
cortex may be showing abilities which are normally concealed
in sighted individuals. Evidence suggests that blind individuals
compensate for their lack of vision by having an increased ability to
localize sounds [25].

Comparing blind-sighted and sighted individuals, Lessard et al.

[8], found thatearly-blind individuals have superior soundlocalization
skills particularly when performing monaural localization than
binaural localization compared to sighted individuals. This suggests
that the visual cortex processes monaural cues more effectively than
binaural cues in early loss of sight.

Gougoux et al. [11], found that sighted individuals showed
decreased cerebral blood flow in the occipital lobe where the visual
cortex is located. Conversely, blind-sighted individuals who perform
better on monaural cues were shown to use their occipital areas in this
task thus enhancing this ability. Although use of the visual cortex is
shown, it is not known if blind-sighted individuals rely on the visual
cortex for this ability [11].

Whilst it is natural to assume that these findings are the result of
specific brain areas such as the visual and auditory cortex, Striem-
Amit et al. [26], found that enhanced capabilities are a result of the
task. Using specialized photographic and sound equipment, they
found that blind-sighted individuals were able to see and describe
objects regardless of sensory modality, visual experience and prior
knowledge of the script used. Disparities between and new findings
highlight the point that we still do not know how compensation occurs.
Various conundrums remain around the theory of neuroplasticity.
For example, some individuals have the ability to compensate and
others do not; there are differences according to age and experiences;
and we still do not have clear and consensual understanding of the
neural processes that underlie ability.

Vision with one eye

Research on the effects of monocular deprivation caused by
conditions such as strabismus, amblyopia and congenital cataract
show negative effects on vision input and functioning; for example,
reduced spatial vision capabilities [27]. However, the visual cortex
in those who have undergone early life enucleation following
retinoblastoma [28]; Thompson et al. [4], has shown compensation
for the loss of binocularity [29,30]. These differences point to
unilateral enucleation as being a distinct form of monocular visual
deprivation [31,32].

Unlike most forms of monocular deprivation where there is some
form of visual input, enucleation results in complete and sudden loss
of visual input. The age of the individual at the time of loss also plays
an important role in outcome with the earlier loss resulting in the
sharpening of other senses [30].

Losing binocularity at a young age can result in reduced visual
functioning where motion perception is adversely affected [29,30,33]
yet some visual spatial abilities are enhanced. These differences in
visual functioning are said to be a result of various factors such as
neuroplasticity; years of monocular practice following enucleation;
and the absence of binocular interactions [30].

Spatial vision is the ability to discriminate spatially defined
features. Two primary measures of spatial vision are acuity, which
distinguishes details and shapes of objects, and contrast sensitivity
which distinguishes an object from its background. Nicholas et al.
[34], found that unilateral-enucleated adults had higher contrast
sensitivity than controls viewing monocular with those having
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undergone enucleation before the age of two and performing three-
and-a-half times better. Similarly, unilateral enucleated individuals
performed better than normally sighted controls viewing monocular
in acuity tests. However, when the controls viewed binocularly their
performance equaled the experimental group [35,36].

Motion processing is the ability to judge motion in the visual
field. Bowns et al. [37], found that early-enucleated adults and
controls have a similar threshold for detecting motion. However, the
control group judged the upper visual field as faster, whereas the early
enucleated adults found it to be slow. Comparing depth perception,
Gonzalez et al. [38], found the those with early enucleation had worse
depth perception.

Marotta et al. [39], observed age differences in a reach and grasp
task suggesting that over time, unilateral enucleated individuals
reduce forward head movements and replace them with lateral and
vertical head movement which better placed them for estimating
depth. This is because, with one functioning eye, the visual field is
reduced by 25% and is not centered on the midline of our body. This
results in the individual continually turning their head to look into
the blind portion of their visual field [29].

Early-enucleated individuals seem to improve visual performance
through learning and due to reorganization of cells responsible for
sensory modality [40-44]. During the first few years of life, cells in
the visual system form connections that are strengthened by the
amount of sensory information received. These connections form
visual functions, which can take years to mature. In young individuals
requiring enucleation, these connections will be weak and not widely
used, thus will atrophy. As the visual system has not reached maturity,
reorganization of the cells often takes place to form other connections
to our sensory modalities [29].

Moidell et al. [45], found that children enucleated up to four years
of age will have neuroplasticity where cell reorganization can occur
within hours and involves other sensory modalities [46,47].

Echolocation

Human echolocation is a functional technique used primarily
by blind-sighted individuals to navigate and orientate to the
environment. By sensing echoes from objects in the environment,
blind-sighted individuals can gather spatial information regarding
the position, size, material and shape of a sound-reflecting objects
[48-50].

Using spatial processing, echolocation is an enhanced ability,
which may partly be a result of neural reorganization though little is
known regarding the neural basis of echolocation [51,52]. Although
many blind-sighted individuals are able to echolocate, individual
skills vary; with training, blindfolded sighted individuals can learn to
echolocate, though performance is poorer when compared to blind-
sighted individuals [49,53,54].

Echolocation was first used by Griffin [55] to describe how
bats can navigate in the dark to detect prey by using sound before
being studied in other animals such as dolphins and toothed whales
[56]. Human echolocators use self-generated sounds such as clicks
produced by rapidly moving the tongue behind the teeth [57] or by
mechanical means such as tapping a cane against the floor [58].

Echolocation requires three steps: (1) the sound made by the echo
locator; (2) the sound and echo superimposed; (3) the echo only [59].
Though audible, the sounds produced contain some strong frequency
in the upper part of the range and only last for 10ms [59-61].

In addition to being able to determine objects in their
environment, blind-sighted individuals can determine their position
in a room. Rosenblum et al. [62], and Wallmeier and Wiegrebe [50],
found that blindfolded individuals were able to estimate the distance
of objects echo-acoustically with an accuracy of 1m. By using yaw
movements of their heads, blind-sighted individuals outperform
sighted individuals in echo-acoustic distance discrimination tasks
[63].

Echolocation can also help discriminate two-dimensional shapes
[64]. Although the majority of these studies focus on a single reflector,
Schornich et al. [60], found that additional reflectors can improve
echo-acoustic distance discrimination performance.

Case history

Hughes [65] reported on Daniel Kish. Now 44, Daniel was
born with bilateral retinoblastoma, having his first eye removed
aged 7 months and his second eye removed aged 13 months. Using
echolocation, Daniel is able to navigate through crowded streets,
swims, cycles, travels and dances. Our understanding of echolocation
hasled to the creation of sensory substitution devices for blind-sighted
individuals. By emitting a signal with a receiver, the distance between
the source and reflecting object is calculated and transformed into an
auditory signal, which increases the blind-sighted individual’s spatial
awareness and independent mobility [65].

Another case history, PT, also diagnosed with retinoblastoma,
underwent unilateral enucleation at 9 months, and with the remaining
functional eye has exceptional above-average vision. Cases of “super-
vision” are not uncommon in those who compensate for sensory loss.

Conclusions

Research into compensation has demonstrated that the loss of
one sensory modality can be replaced by another, particularly when
the loss occurs at an early age [40]. Neuroplasticity can explain
the reasons why functionality can continue despite loss of sensory
organs, and that new neural connections are strengthened through
experience and practice.

Blind-sighted animals and humans have shown enhanced auditory
skills, particularly in their ability to locate sounds [18] complete loss
of vision in one eye can result in enhanced visual spatial skills but
poorer motion processing skills. Whilst brain-imaging studies are
aiding our understanding of sensory compensation in humans, we
are still years away from fully understanding the neural processes and
individual differences that underlie this ability.

Knowledge in this field is providing the opportunity to develop
practical devices for individuals with sensory loss, aiding them in an
environment that is heavily sensory dependent.

References

1. Bach-y-Rita P, Kercel SW (2003) Sensory substitution and the human-
machine interface. Trends Cogn Sci 7: 541-546.

Citation: Chinnery HL, Thompson Simon BN (2015) Sensory Compensation in Children Following Vision Loss after Trauma and Disease. J Clin Res

Ophthalmol 2(4): 049-053. DOI: 10.17352/2455-1414.000021
051


http://dx.doi.org/10.17352/2455-1414.000021
http://www.ncbi.nlm.nih.gov/pubmed/14643370
http://www.ncbi.nlm.nih.gov/pubmed/14643370

Chinnery and Thompson Simon (2015)

3

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21

22.

2

w

24,

Barskova T, Oesterreich R (2015) Post-traumatic growth in people living with
a serious medical condition and its relations to physical and mental health: A
systematic review. Disabil Rehabil 3: 1709-1733.

Selfe L (1977) A single case study of an autistic child with exceptional drawing
ability. In Butterworth G, eds. The child’s representation of the world 31-48.

Thompson SBN, Chinnery H, Noroozi S, Dyer B, Barratt K (2015)
Retinoblastoma: identifying the diagnostic signs for early treatment.
International Journal of Neurorehabilitation 2: 1-11.

Nikolajsen L, Jensen TS (2015) Phantom limb pain. Br J Anaesth 87: 107-
116.

Weaver SA, Lange LR, Vogts VM (1998) Comparison of myoelectric and
conventional prostheses for adolescent amputees. Am J Occup Ther. 42: 87-
91.

Edmonds C (2012) Diff-ability’ not ‘disability’: right-brained thinkers in a left-
brained education system. Support for Learning 27: 129-135.

Lessard N, Paré M, Lepore F, Lassonde M (1998) Early-blind human subjects
localize sound sources better than sighted subjects. Nature 395: 278 - 280.

Salami A (2011) Neuroplasticity in the Auditory Brainstem: From Physiology
to the Drug Therapy. New York: Nova Science.

Karns CM, Dow MW, Neville HJ (2012) Altered Cross-Modal Processing
in the Primary Auditory Cortex of Congenitally Deaf Adults: A Visual-
Somatosensory fMRI Study with a Double-Flash lllusion. J Neurosci 32:
9626-9638.

Gougoux F, Zatorre RJ, Lassonde M, Voss P, Lepore F (2005) A Functional
Neuroimaging Study of Sound Localization: Visual Cortex Activity Predicts
Performance in Early-Blind Individuals. PLoS Biol 3: e27.

Rauschecker JP (1995) Compensatory plasticity and sensory substitution in
the cerebral cortex. Trends in Neurosci 18: 36-43.

. Zwiers MP, Van Opstal AJ, Cruysberg, RM (2001) A Spatial Hearing Deficit in

Early-Blind Humans. J Neurosci 21: 1-5.

Heffner HE, Heffner RS (2005) The sound-localization ability of cats. J
Neurophysiol 94: 3653-3655.

Nodal FR, Kacelnik O, Bajo VM, Bizley JK, Moore DR, et al. (2010) Lesions of
the Auditory Cortex Impair Azimuthal sound Localization and its Recalibration
in Ferrets. J Neurophysiol 103: 1209-225.

Rauschecker JP, Korte M (1993) Auditory compensation for early blindness
in cat cerebral cortex. J Neurosci 13: 4538-4548.

Korte M, Rauschecker JP (1993) Auditory spatial tuning of cortical neurons is
sharpened in cats with early blindness. J Neurophysio 70: 1717-1721.

Petrus E, Isaiah A, Jones AP, Li D, Wang H, et al. (2014) Crossmodal
Induction of Thalamocortical Potentiation Leads to Enhanced Information
Processing in the Auditory Cortex. Neuron 81: 664-673.

Burton H, Snyder AZ, Conturo TE, Akbudak E, Ollinger JM, et al. (2002)
Adaptive changes in early and late blind: A fMRI study of Braille reading. J
Neurophysiol 87: 589-607.

Amedi A, Raz N, Pianka P, Malach R, Zohary E (2003) Early “visual” cortex
activation correlates with superior verbal memory performance in the blind.
Nat Neurosci 6: 758-766.

.Bull R, Rathborn H, Clifford BR (1983) The voice-recognition accuracy of

blind listeners. Perception 12: 223-226.

Ashmead DH, Wall, RS, Ebinger, KA, Eaton SB, Snook-Hill MM, et al. (1998)
Spatial hearing in children with visual disabilities. Perception 27: 105-122.

. Hamilton RH, Pascual-Leone A, Schlaug G (2004) Absolute pitch in blind

musicians. Neuroreport 15: 803-806.

Merabet LB, Hamilton R, Schlaug G, Swisher JD, Kiriakopoulos ET, et al.
(2008) Rapid and Reversible Recruitment of Early Visual Cortex for Touch.
PLoS One 3: e3046.

2

al

26.

27.

2

[e5)

29.

3

o

3

=

32.

3

w

3

N

3

a1

36.

37.

38.

3

©

4

o

4

iy

42

43.

44,

45,

46.

47.

. Hoover AEN, Harris LR, Steeves JKE (2012) Sensory compensation in sound

localization in people with one eye. Exp Brain Res 216: 565-574.

Striem-Amit E, Cohen L, Dehaene S, Amedi A (2012) Reading with Sounds:
Sensory Substitution Selectively Activates the Visual Word Form Area in the
Blind. Neuron 76: 640-652.

Ho CS, Giaschi DE, Boden C, Dougherty R, Cline R, et al. (2005) Deficient
motion perception in the fellow eye of amblyopic children. Vision Res 45:
1615-1627.

. Parulekar MV, Geen L, Hopson R (2015) Retinoblastoma: clinician and

patient perspectives. International Journal of Ophthalmic Practice 6: 17-22.

Kelly KR, Moro SS, Steeves JKE (2013) Living with One Eye: Plasticity in
Visual and Auditory Systems. In: Steeves JKE, Harris LR, eds. Plasticity in
Sensory Systems. Cambridge University Press New York: 94-111.

. Steeves JKE, Gonzales EG, Steinbacg MJ (2008) Vision with one eye: a

review of visual function following unilateral enucleation. Spat Vis 21: 509-
529.

.Mansouri B, Hess RF (2006) The global processing deficit in amblopia

involves noise segregation. Vision Res 46: 4104-4117.

McKee SP, Levi DM, Movshon JA (2003) The pattern of visual deficits in
amblyopia. J Vis 3: 380-405.

. Steeves JKE, Gonza?lez EG, Gallie BL, Steinbach MJ (2002) Early unilateral

enucleation disrupts motion processing. Vision Res 42: 143-150.

. Nicholas J, Heywood CA, Cowey A (1996) Contrast sensitivity in one-eyed

subjects. Vision Res 36: 175-180.

. Gonzalez EG, Steeves JKE, Kraft SP, Gallie BL, Steinbach MJ (2002) Foveal

and eccentric acuity in one-eyed observers. Behav Brain Res 128: 71-80.

Reed MJ, Steeves JKE, Kraft SP, Gallie BL, Steinbach MJ (1996) Contrast
letter thresholds in the non-affected eye of strabismic and unilateral eye
enucleated children. Vision Res 36: 3011-3018.

Bowns L, Kirshner EL, Steinbach MJ (1994) Hemifield relative motion bias in
adults monocularly enucleated at an early age. Vision Res 34: 3389-3395.

Gonzalez EG, Steinbach MJ, Ono H, Wolf M (1989) Depth perception in
humans enucleated at an early age. Clinical Vision Sciences 4: 173-177.

. Marotta JJ, Perrot TS, Nicolle D, Goodale MA (1995) The development of

adaptive head movements following enucleation. Eye 9: 333-336.

. Gilbert CD, Wiesel TN (1992) Receptive field dynamics in adult primary visual

cortex. Nature 356: 150-152.

.Gonzalez EG, Steeves JKE, Steinbach MJ (1998) Perceptual learning for

motion- defined letters in unilaterally enucleated observers and monocularly
viewing normal controls. Investigative Ophthalmology & Visual Science 39
S400.

.Hubel DH, Wiesel TN (1962) Receptive fields binocular interaction and

functional architecture in the cat’s visual cortex. J Physiol 160: 106-154.

Hubel DH, Wiesel TN, LeVay S (1977) Plasticity of ocular dominance columns
in monkey striate cortex. Philos Trans R Soc Lond B Biol Sci 278: 377-409.

Kratz KE, Spear PD (1976) Effects of visual deprivation and alterations in
binocular competition on responses of striate cortex neurons in the cat. J
Comp Neurol 170: 141-151.

Moidell B, Steinbach MJ, Ono H (1988) Egocenter location in children
enucleated at an early age. Invest Ophthalmol Vis Sci 29: 1348-1351.

Kahn DM, Krubitzner L (2002) Massive cross-modal cortical plasticity and the
emergence of a new cortical area in developmentally blind mammals. Proc
Natl Acad Sci U S A. 99: 11429-11434.

Schmid LM, Rosa MGP, Calford MB (1995) Retinal detachment induces
massive immediate reorganization in visual cortex. Neuroreport 6: 1349-
1353.

Citation: Chinnery HL, Thompson Simon BN (2015) Sensory Compensation in Children Following Vision Loss after Trauma and Disease. J Clin Res

Ophthalmol 2(4): 049-053. DOI: 10.17352/2455-1414.000021

052


http://dx.doi.org/10.17352/2455-1414.000021
http://www.ncbi.nlm.nih.gov/pubmed/19350430
http://www.ncbi.nlm.nih.gov/pubmed/19350430
http://www.ncbi.nlm.nih.gov/pubmed/19350430
http://link.springer.com/chapter/10.1007/978-1-4684-2349-5_2
http://link.springer.com/chapter/10.1007/978-1-4684-2349-5_2
http://eprints.bournemouth.ac.uk/22017/
http://eprints.bournemouth.ac.uk/22017/
http://eprints.bournemouth.ac.uk/22017/
http://www.ncbi.nlm.nih.gov/pubmed/11460799
http://www.ncbi.nlm.nih.gov/pubmed/11460799
http://www.ncbi.nlm.nih.gov/pubmed/3348341
http://www.ncbi.nlm.nih.gov/pubmed/3348341
http://www.ncbi.nlm.nih.gov/pubmed/3348341
http://onlinelibrary.wiley.com/doi/10.1111/j.1467-9604.2012.01524.x/abstract;jsessionid=8B76E205C4A4D5C4BFE59B76AAE46D4F.f02t04?userIsAuthenticated=false&deniedAccessCustomisedMessage=
http://onlinelibrary.wiley.com/doi/10.1111/j.1467-9604.2012.01524.x/abstract;jsessionid=8B76E205C4A4D5C4BFE59B76AAE46D4F.f02t04?userIsAuthenticated=false&deniedAccessCustomisedMessage=
http://www.ncbi.nlm.nih.gov/pubmed/9751055
http://www.ncbi.nlm.nih.gov/pubmed/9751055
http://www.ncbi.nlm.nih.gov/pubmed/22787048
http://www.ncbi.nlm.nih.gov/pubmed/22787048
http://www.ncbi.nlm.nih.gov/pubmed/22787048
http://www.ncbi.nlm.nih.gov/pubmed/22787048
http://www.ncbi.nlm.nih.gov/pubmed/15678166
http://www.ncbi.nlm.nih.gov/pubmed/15678166
http://www.ncbi.nlm.nih.gov/pubmed/15678166
http://www.ncbi.nlm.nih.gov/pubmed/7535489
http://www.ncbi.nlm.nih.gov/pubmed/7535489
http://www.ncbi.nlm.nih.gov/pubmed/11312316
http://www.ncbi.nlm.nih.gov/pubmed/11312316
http://www.ncbi.nlm.nih.gov/pubmed/16222077
http://www.ncbi.nlm.nih.gov/pubmed/16222077
http://www.ncbi.nlm.nih.gov/pubmed/20032231
http://www.ncbi.nlm.nih.gov/pubmed/20032231
http://www.ncbi.nlm.nih.gov/pubmed/20032231
http://www.ncbi.nlm.nih.gov/pubmed/8410202
http://www.ncbi.nlm.nih.gov/pubmed/8410202
http://www.ncbi.nlm.nih.gov/pubmed/8283227
http://www.ncbi.nlm.nih.gov/pubmed/8283227
http://www.ncbi.nlm.nih.gov/pubmed/24507197
http://www.ncbi.nlm.nih.gov/pubmed/24507197
http://www.ncbi.nlm.nih.gov/pubmed/24507197
http://www.ncbi.nlm.nih.gov/pubmed/11784773
http://www.ncbi.nlm.nih.gov/pubmed/11784773
http://www.ncbi.nlm.nih.gov/pubmed/11784773
http://www.ncbi.nlm.nih.gov/pubmed/12808458
http://www.ncbi.nlm.nih.gov/pubmed/12808458
http://www.ncbi.nlm.nih.gov/pubmed/12808458
http://www.ncbi.nlm.nih.gov/pubmed/6657428
http://www.ncbi.nlm.nih.gov/pubmed/6657428
http://www.ncbi.nlm.nih.gov/pubmed/9692091
http://www.ncbi.nlm.nih.gov/pubmed/9692091
http://www.ncbi.nlm.nih.gov/pubmed/15073518
http://www.ncbi.nlm.nih.gov/pubmed/15073518
http://www.ncbi.nlm.nih.gov/pubmed/18728773
http://www.ncbi.nlm.nih.gov/pubmed/18728773
http://www.ncbi.nlm.nih.gov/pubmed/18728773
http://www.ncbi.nlm.nih.gov/pubmed/22130779
http://www.ncbi.nlm.nih.gov/pubmed/22130779
http://www.ncbi.nlm.nih.gov/pubmed/23141074
http://www.ncbi.nlm.nih.gov/pubmed/23141074
http://www.ncbi.nlm.nih.gov/pubmed/23141074
http://www.ncbi.nlm.nih.gov/pubmed/15781077
http://www.ncbi.nlm.nih.gov/pubmed/15781077
http://www.ncbi.nlm.nih.gov/pubmed/15781077
http://www.magonlinelibrary.com/doi/abs/10.12968/ijop.2015.6.1.17
http://www.magonlinelibrary.com/doi/abs/10.12968/ijop.2015.6.1.17
https://books.google.co.in/books?hl=en&lr=&id=ckCozisvTlsC&oi=fnd&pg=PA94&dq=Living+with+One+Eye:+Plasticity+in+Visual+and+Auditory+Systems.+In:+Steeves+JKE,+Harris+LR,+eds.+Plasticity+in+Sensory+Systems&ots=AO1hpKS6v7&sig=UgyLFqe0McNndrXcbrSDqrfIZnI
https://books.google.co.in/books?hl=en&lr=&id=ckCozisvTlsC&oi=fnd&pg=PA94&dq=Living+with+One+Eye:+Plasticity+in+Visual+and+Auditory+Systems.+In:+Steeves+JKE,+Harris+LR,+eds.+Plasticity+in+Sensory+Systems&ots=AO1hpKS6v7&sig=UgyLFqe0McNndrXcbrSDqrfIZnI
https://books.google.co.in/books?hl=en&lr=&id=ckCozisvTlsC&oi=fnd&pg=PA94&dq=Living+with+One+Eye:+Plasticity+in+Visual+and+Auditory+Systems.+In:+Steeves+JKE,+Harris+LR,+eds.+Plasticity+in+Sensory+Systems&ots=AO1hpKS6v7&sig=UgyLFqe0McNndrXcbrSDqrfIZnI
http://www.ncbi.nlm.nih.gov/pubmed/19017480
http://www.ncbi.nlm.nih.gov/pubmed/19017480
http://www.ncbi.nlm.nih.gov/pubmed/19017480
http://www.ncbi.nlm.nih.gov/pubmed/17007900
http://www.ncbi.nlm.nih.gov/pubmed/17007900
http://www.ncbi.nlm.nih.gov/pubmed/12875634
http://www.ncbi.nlm.nih.gov/pubmed/12875634
http://www.ncbi.nlm.nih.gov/pubmed/11804638
http://www.ncbi.nlm.nih.gov/pubmed/11804638
http://www.ncbi.nlm.nih.gov/pubmed/8746251
http://www.ncbi.nlm.nih.gov/pubmed/8746251
http://www.ncbi.nlm.nih.gov/pubmed/11755691
http://www.ncbi.nlm.nih.gov/pubmed/11755691
http://www.ncbi.nlm.nih.gov/pubmed/8917801
http://www.ncbi.nlm.nih.gov/pubmed/8917801
http://www.ncbi.nlm.nih.gov/pubmed/8917801
http://www.ncbi.nlm.nih.gov/pubmed/7863621
http://www.ncbi.nlm.nih.gov/pubmed/7863621
http://cat.inist.fr/?aModele=afficheN&cpsidt=7191664
http://cat.inist.fr/?aModele=afficheN&cpsidt=7191664
http://www.ncbi.nlm.nih.gov/pubmed/7556742
http://www.ncbi.nlm.nih.gov/pubmed/7556742
http://www.ncbi.nlm.nih.gov/pubmed/1545866
http://www.ncbi.nlm.nih.gov/pubmed/1545866
http://www.ncbi.nlm.nih.gov/pubmed/14449617
http://www.ncbi.nlm.nih.gov/pubmed/14449617
http://www.ncbi.nlm.nih.gov/pubmed/19791
http://www.ncbi.nlm.nih.gov/pubmed/19791
http://www.ncbi.nlm.nih.gov/pubmed/993368
http://www.ncbi.nlm.nih.gov/pubmed/993368
http://www.ncbi.nlm.nih.gov/pubmed/993368
http://www.ncbi.nlm.nih.gov/pubmed/3417419
http://www.ncbi.nlm.nih.gov/pubmed/3417419
http://www.ncbi.nlm.nih.gov/pubmed/12163645
http://www.ncbi.nlm.nih.gov/pubmed/12163645
http://www.ncbi.nlm.nih.gov/pubmed/12163645
http://www.ncbi.nlm.nih.gov/pubmed/7670002
http://www.ncbi.nlm.nih.gov/pubmed/7670002
http://www.ncbi.nlm.nih.gov/pubmed/7670002

Chinnery and Thompson Simon (2015)

3

48.

4

o

50.

5

futy

52.

53.

54.

5

o

5

(2]

DelLong CM, Au WW, Stamper SA (2007) Echo features used by human
listeners to discriminate among objects that vary in material or wall thickness:
implications for echolocating dolphins. J Acoust Soc Am 121: 605-617.

. Kolarik AJ, Cirstea S, Pardhan S, Moore BCJ (2014) A summary of research

investigating echolocation abilities of blind and sighted humans. Hear Res
310: 60-68.

Wallmeier L, Wiegrebe L (2014) Self-motion facilitates echo-acoustic
orientation in humans. R Soc Open Sci 1: 140185-140185.

. Collignon O, Voss P, Lassonde M, Lepore F (2009) Cross-modal plasticity for

the spatial processing of sounds in visually deprived subjects. Exp Brain Res
192: 343-358.

Voss P, Lassonde M, Gougoux F, Fortin M, Guillemot JP, et al. (2004)
Early and late-onset blind individuals show supra-normal auditory abilities in
farspace. Curr Biol 14: 1734-1738.

Dufour A, Després O, Candas V (2005) Enhanced sensitivity to echo cues in
blind subjects. Exp Brain Res 165: 515-519.

Teng S, Whitney D (2011) The acuity of echolocation: spatial resolution in the
sighted compared to expert performance. J Vis Impair Blind 105: 20-32.

. Griffin DR (1944) Echolocation by blind men, bats and radar. Science 100:

589-590.

. Jones G (2005) Echolocation. Curr Biol 15: R484-488.

[e)

w

a

57. Rojas JAM, Hermosilla JA, Montero RS, Espi PLL (2009) Physical analysis

of several organic signals for human echolocation: oral vacuum pulses. Acta
Acustica United Acustic 95: 325-330.

. Burton G (2000) The role of the sound of tapping for nonvisual judgment of

gap crossability. J Exp Psychol Hum Percept Perform 25: 900-916.

.Rowan D, Papadopoulos T, Edwards D, Holmes H, Hollingdale A, et al.

(2013) Identification of the lateral position of a virtual object based on echoes
by humans. Hear Res 300: 56-65.

. Schornich S, Nagy A, Wiegrebe L (2012) Discovering your inner bat: Echo-

acoustic target ranging in humans. J Assoc Res Otolaryngol 13: 673-682.

. Thaler L, Arnott SR, Goodale MA (2011) Neural correlates of natural human

echolocation in early and late blind echolocation expert. PLoS One 6: 20162.

.Rosenblum LD, Gordon MS, Jarquin L (2000) Echolocating distance by

moving and stationary listeners. Ecological Psychology 12: 181-206.

. Kellogg WN (1962) Sonar system of the blind. Science 137: 399-404.

. Milne JL, Goodale MA, Thaler L (2014) The role of head movements in the

discrimination of 2-D shape by blind echolocation experts. Atten Percept
Psychophys 76: 1828-1837.

. Hughes B (2001) Active artificial echolocation and the nonvisual perception of

aperture passability. Hum Mov Sci 20: 371-400.

Copyright: © 2015 Chinnery HL, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Citation: Chinnery HL, Thompson Simon BN (2015) Sensory Compensation in Children Following Vision Loss after Trauma and Disease. J Clin Res

Ophthalmol 2(4): 049-053. DOI: 10.17352/2455-1414.000021

053


http://dx.doi.org/10.17352/2455-1414.000021
http://www.ncbi.nlm.nih.gov/pubmed/17297814
http://www.ncbi.nlm.nih.gov/pubmed/17297814
http://www.ncbi.nlm.nih.gov/pubmed/17297814
http://www.ncbi.nlm.nih.gov/pubmed/24524865
http://www.ncbi.nlm.nih.gov/pubmed/24524865
http://www.ncbi.nlm.nih.gov/pubmed/24524865
http://www.ncbi.nlm.nih.gov/pubmed/26064556
http://www.ncbi.nlm.nih.gov/pubmed/26064556
http://www.ncbi.nlm.nih.gov/pubmed/18762928
http://www.ncbi.nlm.nih.gov/pubmed/18762928
http://www.ncbi.nlm.nih.gov/pubmed/18762928
http://www.ncbi.nlm.nih.gov/pubmed/15458644
http://www.ncbi.nlm.nih.gov/pubmed/15458644
http://www.ncbi.nlm.nih.gov/pubmed/15458644
http://www.ncbi.nlm.nih.gov/pubmed/15991030
http://www.ncbi.nlm.nih.gov/pubmed/15991030
http://www.ncbi.nlm.nih.gov/pubmed/21611133
http://www.ncbi.nlm.nih.gov/pubmed/21611133
http://www.ncbi.nlm.nih.gov/pubmed/17776129
http://www.ncbi.nlm.nih.gov/pubmed/17776129
http://www.ncbi.nlm.nih.gov/pubmed/16005275
http://www.ingentaconnect.com/content/dav/aaua/2009/00000095/00000002/art00013
http://www.ingentaconnect.com/content/dav/aaua/2009/00000095/00000002/art00013
http://www.ingentaconnect.com/content/dav/aaua/2009/00000095/00000002/art00013
http://www.ncbi.nlm.nih.gov/pubmed/10884001
http://www.ncbi.nlm.nih.gov/pubmed/10884001
http://www.ncbi.nlm.nih.gov/pubmed/23538130
http://www.ncbi.nlm.nih.gov/pubmed/23538130
http://www.ncbi.nlm.nih.gov/pubmed/23538130
http://www.ncbi.nlm.nih.gov/pubmed/22729842
http://www.ncbi.nlm.nih.gov/pubmed/22729842
http://www.ncbi.nlm.nih.gov/pubmed/21633496
http://www.ncbi.nlm.nih.gov/pubmed/21633496
http://www.tandfonline.com/doi/abs/10.1207/S15326969ECO1203_1
http://www.tandfonline.com/doi/abs/10.1207/S15326969ECO1203_1
http://www.ncbi.nlm.nih.gov/pubmed/14454994
http://www.ncbi.nlm.nih.gov/pubmed/24874262
http://www.ncbi.nlm.nih.gov/pubmed/24874262
http://www.ncbi.nlm.nih.gov/pubmed/24874262
http://www.ncbi.nlm.nih.gov/pubmed/11750669
http://www.ncbi.nlm.nih.gov/pubmed/11750669

	Title
	Abstract
	Introduction
	Sensory compensation for loss of vision
	Vision with one eye 
	Echolocation
	Case history  

	Conclusions
	References

