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ABSTRACT vestibular ocular féex (VOR), hearing impairment,
The essence ofthis paperistoreview selective researdding disability, visual function

articles that relate to vestibular functioning, sensofTRODUCTION

integration, and balance anomalies in childred adults. As early as the pre-school level, an intact vestibular

Studies that involve the role of the optometrist have begfstem contributes to sensory integration and the
quite sparse. Special effort is made to distinguish betwaggtyration of eye-movements that are required faieft
developmental and acquired brain injuries (ABI). Whilgaading and learning. The vestibular apparatus has been
the former often are traced to pre-, peri- and postngi@ntiied as the sensory organ that detects sensations
disorders, traumatic brain injuriese the consequenceconcerned with an individual’s balance and equilibrium.
of sports, motor vehicular and industrial accidentghe vestibulo-ocular feex (VOR) generates the rapid
Delayed vestibular maturation correlates digantly compensatory eye movements that support stable vision
with sensory integration dysfunctions, slow VisioRyhile the head is in motion. That is, the VOR functions to
processing, impaired hearing, and reading disabilijfevent head movements from disturbing retinal images.
Because of overlap in cortical systems, uncorrectgfiys, the visualimage is held steady on the retina allowing
vestibular disorders may affect attention processggar single vision.? During its course in the internal
and result in cognitive dysfunctions. The clinical valugyditory canal that it shares with the cochlear nerve,
of several therapeutic procedures is discussed in {Hg vestibular nerve also may affect hearing through
context of controlled studies. Successful rehabilitatigfiferent olivocochlear connections. Although either of
may require treatment for vestibukamdvisual systems these complementary dependent variabsipn and
since the former may have provided only a partial culi€earing may function independently, together, they
Future sensorimotor research should stress Optometgygininate our primary learning processes
role in this important aspect of vision care. The predominance of visual-vestibular control
KEY WORDS of balance gives way to a somatosensory-vestibular
vestibular function, sensory integration, balancedependence by age three, but the transition to adult
brain injury, rehabilitation, cognitive processinglike balance responses is not complete for all sensory
conditions even by age sixSince vestibular responses
Correspondence regarding this article can be emailed to hsolan@® @associated with eye movements and hearing,
sunyopt.edu or sent to Dr. Harold A. Solan, State College of Optothiey contribute to visualnd auditory processing.
etry/SUNY 33 West 42nd Street New York, N.Y 10036. All stateméPtsylogenetically, the vestibular function appeared early;

are the authors’ personal opinion and may ndteet the opinions  anqd ontogenetically, vestibular related tracts are one of
of the College of Optometrists in Vision Development, Optome

and Vision Development or any institution or organization to whictﬁﬁe earliest to myelinate in fe.tal life, at about twenty
they may be #ifiated. Copyright 2007 College of Optometrists inWeeks! In the norr_nal_healthy |nfa_nt, theflexes occur
Vision Development. developmentally fst in the vestibular and auditory
systems, but later in tactile and visual analyzers. There
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serves as an index of maturation that contributes dioildren (M =9.2 + 1.8) who were of normal intelligence,
cognitive functioning in early postnatal life. and 15 LD participants (M = 9.4 + 1.5) with coordination
Related Literature and clumsiness problems, but normal hearing. Twenty

Clinical experience supports the notion that delay®8l the 30 hearing impaired participants (67%) had
vestibular maturation may be associated with sens@@normal vestibulo-ocularftexes (VOR). A majority
integrative dysfunctions, slow vision processing, arfd the 30 hearing-impaired children was  affecteut,
delayed acquisition of reading skills in primary and0% (3 of 15) of motor impaired LD children and 7% of
middle grade elementary school children. Accordifiprmals (4 of 54alsohad depressed vestibular function
to Ayres® among learning disabled (LD) Ch”drengs'measured by VOR tests. These motqr—lmpalred LD
the presence of hearing impairment may compoufidildren were at least two years delayed in two or more
the assessment and interpretation of the relationshipjects. They were not diagnosed as minimal brain
between vestibular disorders and gross motor-balai@naged (MBD), but could be classd as experiencing
activities such as rail-walking and one-foot standingignificant neuro-maturational lags associated with
Although the ubiquitous vestibular system primarily isE€nsory-motor dedits* o _ .
somatosensory and motor system, sensation, digestionln summary, two-thirds of hearing impaired subjects
and state of mind may be affected. had sigriiicant vestibular deits,and in additiortwenty

Malamuf emphasizes the complexity of the vestibul&ercent of LD motor impaired children (as measured
system. It involves interconnections with the innewith the Bruininks-Oseretsky Té3t had peripheral
ear, superior temporal cortex, insula and the temporggstibular disabilities. Predictably, the hearing impaired
parietal junction within the cortex, and the postural af@d the LD samples showed sigeant dificulties in
extraocular muscle systems, all of which contribuffganizing vestibular inputs® These results revealed
to balance and vestibularfiexes. In part, because oft Vestibular hypofunction in the hearing impaired group
the overlap in cortical systems, uncorrected vestibulith accompanying balance figts. However, the
disorders may ultimately affect attention processiﬁiﬁUdy fails to fog:us on reciprocal interaction between the
and result in cognitive dysfunctior%. Smith, Zheng, Visual and vestibular systems. _ .

Horii, and Darlingtoh have reviewed extensive animal It has become increasingly clear that stimulation of
and human studies. They provide evidence that, JR€ sensory system may affect other sensory systems
addition to more commonly known fileits in balance (See Figure 1). For example, Dieterich and Bréndt
and posture, problems with vestibular function can Feported that vestibular stimulation deactivates the
seen to be associated witHidis in object recognition,VlSU_al cortex, and visual stimulation deactivates the
spatial navigation, learning and memory. Most severafgstibular cortex. Fortunately, the system as a whole can
affected in these studies were tasks directly measurighstand and adapt to sidimant amounts of peripheral
attention, such as the Digit Span test from the Weschi€stibular dysfunction. Often vestibular dysfunctions
Intelligence Scale for Adults. These authors conclu@@pearing early are ameliorated in the course of normal
that one mechanism by which vestibular disordefguromaturation. .

adversely affect attention is the distractinfiience of ~ However, it is important to recognize that mental
increased body sway and postural lean. Additionally, tgvelopment and learning are different phenomena
psychological sequelae of vestibular disorders, whi@Rd each is iiuenced by distinct antecedents. Piaget
may include anxiety and depression, could negativéignceptualized mental developmeneatbryogenesis.
affect the cognitive resources .
available for information proceSSing'Sensory Input Central Processing Motor Output

There are major differences
between developmental vestibulz

Visual

and traumatic acquired brain injurig Primary processor | £ye movements
(ABI). The latter, traumatic brain (Vestibular Motor neurons

nitiri Vestibular L—» Postural
injuries (TBI), are more often nuclear complex) movements
the consequence of sports, mot

vehicular, and industrial acciderits| Proprioceptive
They include closed and penetratir]
head injuries as compared to a history
of prenataland neonatal complications
of pregnancy in children.

Horak, Shumway-Cook, Crow,
and Black® reported sigticant
differences when they compared 54
normal children, ages 7-12 years (M
= 92_—{- 23)1 with 30 hearing impaired Figure 1. Block diagram illustrating the organization of the vestibular system.

Adaptive

processor

(Cerebellum)
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It is open-ended and is concerned with the developmdiiterent balance related competencies. Furthermore,
andmaturationofthe nervoussystem, e.g.: synaptogenesmnpetency in one area does not indicate competence
axonal branching, and dendritic elaboration. Eaat another. Therefore, vestibular rehabilitation should
element of learning occurs as a function of theclude several activities to treat vertigo, balance
individual's total developmental framework. Thereforgroblems, functional limitations, and disabilities caused
embryogenesis is the neuroanatomical requisite for theimpairments of the vestibular systé&m.

continuing development of mental functions. Learning Rin€” reported that relatively few controlled studies
in the absence of suitable developmental structures rhaye been conducted to examine vestibular function in
preclude assimilation. The resulting associative learnicigildren with CNS disorders. Although some studies
is likely to be temporary and often fails to producgo document postural control and sensory organization
generalizationsThe general concept of embryogenesggeficits in children with learning disabilities or cerebral

is equally applicable to the vestibular system. palsy, others failed to formally test vestibular function.
Evaluating Vestibular Functioning in the Clinical In order to establish the prognosis and to plan effective
Contexts vestibular rehabilitation, it is important to identify and

Based on the interrelationships of LD, cognitivguantify the vestibular dieits precisely. The range of
processing, and vestibular functioning research, disorders extends from poor balance (disequilibrium)
follows that clinical LD evaluations should includénd the illusion of self motion (vertigo) tofiammation
some measures that are sensitive to possible vestib@raglisease of the vestibular labyrinth of the inner ear
disorder$® Two standardized diagnostic tasks thdtabyrinthitis). Symptoms also include nystagmus and
have been staples of perceptual-motor analysis are 3Hbjective oscillopsia that result in vision impairment
Walking Rail and the One Foot Balance Tests. TH&e to the illusion of object motion on the retina during
former provides a preliminary measure of the ability feead movement. Clinical investigators have reported
maintain dynamic balance while walking a rail, heal tdat vestibular rehabilitation may improve the visual
toe, with both hands on hips. The test employs a 12 fog® motor abilities in children who have a history of
x 4 inch boardirmly supported with three brackets. Fdew birth-weight, prematurity, anoxygen deprivatiori.
Task A, the wide side is used; in Task B, the narrow silihough some of these children are idéetl as
is used. The patient is expected to complete this tinftéaving developmental anomalies, a careful review
test with a maximum of 24 steps, heel to toe, in ea@hthe pregnancy and birth histories could reveal that
direction. The tests are discontinued when the patiéherrant pre-natal complications may have contributed
loses balance or removes hands from hips. Sensi@ryhe acquisition of the so-called developmental delay.
inputs related to equilibrium include vision, vestibulaHerdman proposes that the development of more precise
proprioception, and hearing. clinical procedures to identify and treat children in need

The One Foot Balance with Eyes Open and Eyetadditional testing and intervention is warranted. She
Closed Test provides the examiner with basic impressi@pecifcally recommends that vestibular rehabilitation
of the child’s static balance. These multifactorial tesigcludes modication of saccadic eye movements
drawn from the Southern California Sensory Integrati@nd substitution of visual and somatosensory cues
Testd® rely on visual, vestibular, and somatosensof?r lost vestibular cues in disequilibrium and balance
inputs. They require the patient to balance on thisorders?
dominant foot, hands on hips, with the top of the other Rine et a' examined gross motor development
foot placed behind the knee of the opposite leg. Taed the effect of age, sex and vestibular function of 39
score is the total number of seconds the patient maintaihgdren (ages 2 to 7 years old) who had sensorineural
standing balance up to a maximum of 30 seconds ef€@Rring impairment. Repeated testing was completed
with eyes open (SBO) and eyes closed (SBC). The testtBsequently on 18 of these children. Delayed gross
are discontinued when the patient touches the other fawitor developmentwas evidentregardless ofage, butonly
to thefloor, removes either hand from hips, hops abogt)ildren less than age 5 years had developmental balance
or otherwise indicates loss of balance. Equilibriugeficits on initial testing. Both, gross motor and balance

measures have been shown to discriminate clinicallgvelopment scores were lower on repeated testing. In
between normal children and children with CNSeneral, vestibular scores differentiated children with

dysfunction. balance dicits from those with a progressive delay in
Bundy et &l discussed the outcome of six differennotor development. A second interestiingding was

equilibrium measures administered to 50 boys with Libe excellent sensitivity of vestibular function testing for

(25 with and 25 without suspected vestibular systdhe identification of progressive delays.

dysfunction). They found that only 3 of the 10 obtainetherapy

correlation codfcients were greater than r=0.5 which It is not unusual for a patient with balance disorders

yields a maximum percent of shared varian€eg@ual to show sigrficant improvement following vestibular

to 25%. The relatively low magnitude of the correlatioend binocular vision therapy since the two systems

scores suggests that different tests of equilibrium measaire closely related physiologically and functionally.
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However, in order to maintain the child’s interesprocedures accordingto age groups and medical histories

therapeutic activities should be appropriate for the children and adults.

patient’s age and intellectual level whenever possible. It is noted that successful recovery could be attributed

In general, vestibular rehabilitation is effective therafyg adaptation of the vestibular system itself. Animproved

for many patients with disequilibrium and balancenderstanding of the various compensatory mechanisms

disorders, especially if the patient has residual vestibutard their limitations for improving gaze and postural

function. stability will lead to more effective treatment of these
In their follow-up study, Rine et @ldetermined the patients'®

value of “exercise intervention” on progressive mot&ymmMARY

development delay in children with sensorineural The authors have reviewed some of the relevant
hearing loss and concurrent vestibular impairmemngsearch that relates primarily to the diagnosis and
The exercises consisted of compensatory training th@iatment of anomalies in vestibular and visual
emphasized enhancement of visual and somatosenggn¢tioning. Of special interest have been the effects
function and balance training. A placebo group receivgglthese anomalies on sensory integration and balance.
intervention that focused on language developmerie concurrent presence of auditory and oculomotor
activities. The post-intervention motor developmegkficits requires further investigation. ~Although
scores sigriicantly improved in the exercise, but not thgcquired brain injuries that result from traumatic events
placebo group (P < 0.004). The investigators concludg¢th as automobile accidents usually are explainable,
that exercise intervention focusing on the enhancemg diagnoses of apparent neuromaturational delays in
of postural control abilities is effective for the arrest @hildren are indeed more subtle. Some developmental
progressive motor development delay in children witelays associated with vestibular and sensorimotor
vestibular impairment and sensorineural hearing 10ssjntegration disorders may be traced to low birth weight
The elements of developmental and |eamif(9rematurity) and prenatal aberrations.
disabilities are not one-dimensional. The treatment additional research is warranted to develop valid
of visual skills décits, other than spdat vestibular sensorimotor age-expected norms that are based on
anomalies, is a concern to the patient and the optometggéndardized testing procedures. Since the patient's
Binocularvisionandaccommodationdisordershavebqg@seming problems often involve cognitive and/or
reported to be among the most common vision problefagrning delays, the availability of reading test levels
occurring in this populatioff. The need to see clearlyysually is helpful to establish a baseline for future
and comfortably at all distances for extended perlodsd@fmparison_ Interdisciplinary ~ controlled clinical
time remains a primary consideration. Normal binoculggsearch should include the effect of developmental
vision is a complex psycho-physiological process thaljgion disorders that heretofore have been represented
not always attained to its fullest extent by all who se@arsely. The outcomes reported in this review suggest
with both eyes. ~ that enhancing visual processing, vestibular, sensory-
The experience of Rosen, Cohen, and Trébimy ntegration, and balance functions can be therapeuticaily
rendering vision therapy supports the notion thatrg,\,arding_
successful rehabilitation program may require treatmefit - o=\ ~Eg
for both the vestibular and visual systems, since t.e Herdman SJ. Vestibular Rehabilitation. Philadelphia, F.A.Davis, 2000:
former may have provided only a partial cure. Lenses, 341.

prisms, and vision therapy for ABI patients Whé‘ Miles FA,‘ Lisberger SG. Plast_icity in_the vestibulo-oculéllere A new
. . h . hypothesis. Ann Rev Neurosci 1981;4:273-98.
have residual vestibular disorders may be requ'redSt0 Foundriat BA, Di Fabio R, Anderson JH. Sensory organization of balance

enhance balance and a stable visual environment. Theesponsesin children 3- 6 years of age: a normative studywith diagnostic

development of fusional vergences and focusing Skin implications. IntJ P_ediatr Orthorhinolaryngology 1993;27:255-71.
. Ayres AJ. Sensory intergration and learning disorders. Los Angeles.

necessary to r_elieve the patie@’ﬂnptoms anq maintai_n Western Psychological Services, 1972:113-29.
comfortable single vision for extended periods of tinte Ayres AJ. Leaming disabilities and the vestibular system. J Learn Disabil

provides additional befi¢s. Although the treatment of =~ 197812:18-29. - o

. . . . . . Malamut D. Vestibular therapy and ocular dysfunction in traumatic brain
binocular insulfi ciency Is Usua”y successful, variables injury: A case study. In: Suchoff IB, Cuiffreda KJ, Kapoor N., eds.
such as patient motivation and intelligence aréaiift Visual and vestibular consequences of acquired brain injury. Santa Ana,

i iari 25 CA: Optometric Extension Program, 2001:201-19.
to quantlfya prior. . 7. Smith PF, Zfeng Y, Horii A, Darlington CL. Does vestibular damage
Konrad et & recommend that vestibular cause cognitive dysfunctions in humans? J Vestib Res 2005;15:1-9.

rehabilitation should play an important role in patiemt Karath H, Dieterich M. Spatial neglect — a vestibular disorder? Brain

i ; i 2006;129:293-305.
C.are' Th.era.'py must be performed on t.he bfiSIS Oﬁ&pe%l. Suchoff 1B, Ciuffreda K, Kapoor N, eds. Visual and Vestibular
dlagnostlc ﬁndlngs in order to be effectivet is not that Consequences of Acquired Brain Injury. Santa Ana, CA: Optometric
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2007 CALL FOR PAPERS

COVD 37th ANNUAL MEETING
October 16 — 20, 2007 St Petersburg FL

The College of Optometrists in Vision Development 1s soliciting abstracts for
papers and posters to be presented at the 37th Annual Meeting. Any person wish-
ing to make a presentation 1s invited to submit a proposal. All abstracts will be
reviewed by the Papers Committee and will be judged on the basis of overall
quality. completion of required information. relevance to behavioral and func-
tional vision, subject matter, innovation, and attention to key questions in the
field. Proposals may include research results. case studies, or new and innovative
diagnostic procedures or treatment techniques.

Deadline for submission of abstracts: August 1, 2007

More information, including abstract form and instructions for submitting ab-
stracts, can be found at the COVD 37th Annual Meeting page at

www.covd.org

Dr. Arnold Wilkins of England

has developed the Intuitive Colorimeter” to
scientifically determine which children can
read more efficiently using specific tinted
lenses. Bernell now sells this unit as well as
Precision Tinting™ of lenses either provided by
doctors or made at our lab. Regular labs do
not have the the spectrometer to accurately
replicate the filters.

Intuitive Colorimeter® $5195 regularly
Special US introductory offer:
$4195 until June 1

You can lease this from Bernell for $600 down and $161.77/mo 24
mo. and then own it for $1.

Precision Tinting™ lenses...$36 come with a
certificate of authenticity.

Call Bernell at 800-348-2225.

For more information as well as peer reviewed articles concerning the current
science you can consult these websites:
http://www.essex.ac.uk/psychology/overlays/recent_summary.pdf
http://www.ceriumvistech.co.uk/index.html

http://www.ceriumvistech.co.uk/References.htm
http://www.essex.ac.uk/psychology/overlays/publications2.htm




