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Abstract

World Health Organization statisticshow that falls are the second leading cause of
unintentional injuryrelated deaths worldwide. Multifocal glasses (bifocals, trifocals, and
progressive @dition lenses (PALS)) increase the risk ofadl in elderly people but how they
do so is unclear. To explain why glasses with a PAL increase the risk of a fall and whether
this can be atibuted to false projection, thistudy aimed to 1) map the prismatic
displacement of a PAL, 2) testhether ths displacement impairetthe response to loss of

balance, and 3) test whether PALSs alter stability.

The reaction time and accuracy of heal t h
measured whegraspingfor a bar andouching ablack line. These were positioned according
to the maximum and minimunprismatic displacementeffect through the PALsmapped
using a focimeterAnterior posterior AP) deviation was measured while standing on a
balance platform. Participants performed each test paiternativelywearing their PALs

and nevWy matchedsingle vision (distance) glasses in random order.

Results Bowed that PALs have large areas of prismatic displacement, especially in the
central visual axis. Reaction time was faster for PAbspared to single vision (distance)
glassegmean difference SEM, horizontal grab bar in centr8.101 + 0.050 sP = 0011,
repeated measures analysis adjusted for order of glassessince participants updated their
PALs and amount of prismatic displacemdndrizontal black line 300 mm down from centre
-0.080 £ 0.016 € = 0.007. There werano differencsin the bahnce measures.

PALs have large areas of prismatic displacement, louhat alter stability. Older people
appeaged to adapt to the false projection of PALs in the centraliai axis. This adaptation
meantthat swapping to new single vision glasses fmaye affeced the visu&spatial stored

information. This mayead to a fall, especially in unfamiliar surroundings.
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Chapter 1 z Preamble

Based on World Health Orgaiizon statistics falls are the second leading cause of
accidental or unintentional injumelateddeaths worldwide. 42@00 people die every year
from falls which is second to road traffic accidents. A fall in an elderly person is sudden and
the sequelae are lastingotentiallytaking away independence and confideriddany older
people do have a fear of fallimnd thered good reason. A fall ianindependent risk factor
for long term care with 27% of fall related hospital admissions leading to this imitesl
kingdom(UK) [1]. Furthermore, falls in the elderly poptibn are unfortunately common, for

instance 57% of all injuryelated hospitalisation in the UK were related to fil]s

Multifocal glasses are a known contributor to falls in the elderly populgé®joiWhy and
how multifocal glasses increase falls is not completely known. Given that 52% of elderly
people wear multifocal glasses means that a large proportion ofmi@jibe preventabl§3].
Of particular interest to this project is the prismatic displacement effect multifocal glasses
have on balance and correcting stability. Although, the prismatic displacement effect of
multifocal glasses is alluded to as a potential cause for falls no owéyas has tested this

effect.

Multifocal glassesn the form of bifocalhave beeravailablesince 1784 when Benjamin
Franklin converted his distance and reading pair of glassesird pair. He described the
nuisance of changing glasses for long distance sight and then again for reading. He mentioned
that these new pair of glasses allowed him to visualise what the French politicians were

saying at the same time eat his n{dal

Multifocal glases are convenient for activities such as cooking, shopping and driving.
However, when multifocal glasses are worn while negotiating steps, outdoor environments
and around the home they increase the chance of having a fall. The VISIBLE trial showed that
wearing single vision(distancg glasses outsideompared to multifocal glasses was fion
significant fornumber of falls (IRR, 0.92; 95% CI, 0.731.16)[5]. However, in more active

1



people the intervention reduced falls by 40% (IRR, 0.60; 95% CI,10@187). Conversely,
pre-planned sutanalysisfor lessactive peopleéhe number ofalls overall areinsignificantbut

the interventionincreasedutdoor fallsby 56% (IRR, 1.56; 95% CI, 1.11 2.19). Another
problem is those who wear single vision glasses have mor@ahaoalated injuries compared

to multifocal glasses, 26% to 17% respectively (P=0.01) for lacerations, lifting or twisting

injury, burn/scald, eye injury, collision, pedestrian injufigs

Given the current level of knowledge regarding multifocal glasses and fiaiteer
investigation is needed in this fiel@herefore, the specific null hypotheses to be tested in this

study were that

1. Map the subjective and objective prismatic displacement effect of a progressive
additionlens (PAL)

2. Measure accuracy and reaction time when grabbing a bar and pusbiagkdine
comparingPALsto single visiondistancg glasses.

3. Assess \sual stability comparingALs to single vision(distanceglasses

Thirty one participants over the age of 75 and 10 volunteers edelmswer the
second/third and firsaims respectively. Thisinvolved using a modified Hess test and
focimeter to answer #hfirstaim, and the second and third aimsreanswered by a walking
framebrake andoam pad switch seip and BalanceMaster/In VISION system, respectively.
The second aiB end point waseaction time and accuracyhichwasinferred toaffectthe
protective response for grabbing a handrail if a trip, slip, or loss of balance occurs. And the
third aim endpointvasAP angle sway. Thisvill be explained in more detail in the methods

section.

In chapter 2, the review of the cent literature will cover min-depth overview of fall$
the visual aspect of falis multifocal glasses and falisas well as the current thinking about

why multifocal glasses cause falls.



Chapter 2 z Introduction and literature review

2.1 Introduction to falls

About 4 million years ago in the plains of East Africa, humans became a bipedal species
relying on a complex set of mechanisms to stay upright, and to adapt to external changes in
the environmen{6]. To balance on two lower limbs there needs to be a constant sensory
feedback mechanism. Stimuli which are crucial for the ipppgsture include proprioception,
the vestibular system, pressure sensors and vision. All of these senses are orchestrated at the
cerebral hemispheres and cerebellum, and if there is a problem with this finely tuned system

then a fall could occur.

Afalli s defined by the World Health Organi z:
coming to rest inadvertently on the ground,
is the most at risk of having a fall resulting in a poor outcome, ranging benign bruises
and grazes, to more serious outcomes such as a fractured neck of femur or brain
haemorrhagedilip fractures from a fall are also associated with a poor outddipdractures
are associated with a mortality rate of 7% to 18X980days 18 at 120 daysand atl year a
mortality rate of 266 to 32%]7-9]. Furthermore, in an elderly person who lsagificant
cognitive dysfunctiorthe mortality rateat 1 yearcan reach up to 56%6r hip fractureq10].

Hip fractures are expensive to treat and manage, and createe atwgomic and medical
burden onNew Ze al andés h Ewer if & fall dogss noteresult in amjury, the
resulting fear and anxiety of another one occurring can be debilitatingeFudte, those that

are anxious abodalling are more likely to falhgain[11].

The direct and indirect cost of falls is immense. In the UK, £647 miliasspent on falls
in 1999 [1], and the mean codbor each fall in the United Statewas $6,606 [12].
Compounding this problem is the increasing elderly populatiam.e &é baby boomé w
in the birth rateat the end of WWII lasting from 1946.960. A major effect of this in New
Zealand, is an increasingly aging pdgtion in the coming years, which can be seefigare
2.1[13]. With an increase in elderly pdepand the rate of fall related health problems, this
will stretch an already nderstaffed and undeesourced primary and secondary care health
system[14, 15]. Prevention is imperative to reduce the total cost of alis New Zeal a

health gstemand increase the independence of our aging population.
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Figure2.1. Forecasts of the population distribution for 65+ and 85+ year olds, iyeanly intervalg13].

2.2 Risk factors for falls

The aetiology of a fall is multifactorial and a holistic approach is needed to prevent falls.
Prevention programmes are based on a number of studessiagsthe risk factors for having
a fall; these studies have indicated that any medication16s&8]i especially psychotropic
drugs[19], impaired cognitiorj20], reduced level of actity and/or taking more risks thet
beyond their physical capacity [[1%nd finally impaired vision[56] increases the risk of

older peopléhaving a fall

Medications are a known risk factor for increasingftderisk in the elderly population.
Specific drug classes such as benzodiazepines, antidepressants and antipsyeivaiidsd,
could prevent fall§21]. Polypharmacy and diuretics are known risk fextor postprandial
hypotension. Bnzodiazepine, antidepressants, alcohehksodilators, diuretics and
phenothiazines are prominent risk fast for orthostatic hypotensionoih postprandial and
orthostatic hypotensiohavethe potential to cause a f422]. Polypharmacy is a contributor
to falls; if &4 medications are taken by aret persorthis is associated with 1 or more falls
compared with elderly controls taking <4 medicati¢odds ratio (OR), 1.3; 95% ClI, 1.0 to
1.7)[23]. With polypharmacy, one specific medication mechanism cannot be shown to cause
orthostasis alone, and so all should be considered as possible contributors aral have
synergistic effect on fallsThis association seems to be independent from thaarbidities

that the medications are treatif®4], however more research may be needed on this topic.



2.3 Prevention of falls

In 2009 111 falls preventionrandomised controlled trials were includedarCochrane
systematicreview, which collated the results of thprogrammestested and revealed
statistically significant outcomeg®5]. In this review they foundhat multiplecomponent
group exercise reduced rate of falls and risk of falling (rate ratio (RaR) 0.78, 95% CI 0.71 to
0.86; risk ratio (RR) 0.83, 95% CI 0.72 to 0.941s0Tai Chi (RaR 0.63, 95% CI 0.52 to 0.78;

RR 0.65, 95% CI 0.51 to 0.82), and individually prescribed muitiplaponent exerciseat

home (RaR 0.66, 95% CI 0.53 to 0.82; RR 0.77, 95% CI 0.61 to (.25]) Prevention
programmes that increase elderly peopl eds
gait activities alone are efttive in decreasing the rate but not the risk of a fall. In other
words, this intervention reduces-occurrence ofalls. Furthermore strength and resistance
exercise programmes alone have positiveridlited outcomelR6]. Exercise programmes are
effective if there is an adequate amount of time xera@se, high compliance to the
intervention, or an effective strategy implementing the exercise prograjfiije For
example, walking programmes alone do not contribute to a reduction in falls, but balance
training and programmes with a large amount of exercise time are effective exercise
programmes. Howeer, any form of exercise is beneficial for fitness, weight loss and
lowering blood pressur@7].

When exercise programmes are incorporated into multifattioterventions comprising
assessment dfome hazards, medication adjustments and other similar methods, whilst using
a multidisciplinary team of health workers, the outcomesaise clinically significant for
preventing falls in elderly peopledowever, assessment and multifactorial intervention
reduced rate (RaR 0.75, 95% CI 0.65 to 0.86), but not risk of fgliBy Gillespie et al.
mentions that multifactorial programmes are complex interventions, and the context in which

they are effective is for further research.

Single focus interventions such as vitamiraild calcium supplementation in individuals
who are hospitéded or in nursing care, and targeting inappropriate medications, may have
potential to reduce fall28]. Another study looking at single focus interventigasted a
home safety programmand an exercise programe deliveredby a physiotherapist plus
vitamin D. Campbelkt al. recruited 39107 5 vy e with severediision impairmenand
found thatthese participantdenefited froma home safety intervention deliverdy an
occupational theragt (incidence rate ratio (IRR), 0.39; 95% @I24 to 0.62), while the

Otago Eercise Programme prescribed by a physiotherapist did not show a significant
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decrease in falls (IRR, 0.79; 95% CI, 0.48 to 1.28). The falls prevention prnogrdefivered

by an occupational therapisio elderly peoplewith visually impairment resultedin 41%

fewer falls (95% CI, 0.58 to 0.17) and the ingrental cost per fall prevented w@hklZ650

(2004 prices]29]. Single focus programmes target specific populations and avoid redundant
interventions, so may be more cost effective aadect rsk factors for falls in those who
need it This means tha single focus programesmay be superior anglasier to implement
compared withmultidisciplinary teamsleliveringmultifactorial intervention$30].

2.4 Staying upright with v ision

Balance requires an interactitmetween vision, vestibulgunction, and proprioception
with experience of how the body reacts and foreknowledge of3kjsWhen we are young
we rely heavily on proprioception and vestibular functibot with the aging process, the
nerve endings of the peripheralrwes in the lower extremities lose some of their function.
Consequently, elderly people rely proportionately more on vision to stay upright. The
Romberg quotient, which is a measure of sway with eyes open and eyes idlassstl to
describe the effect ofision ons 0 me opoxtuteshe Romberg quotiershowed that over
the age of 8%0% of corrol is due to visioncompared witi20% in50-60 year olds (p<0.01)
[32]. Vision is important in balance but also in negotiating hazards outside, around the home,
going up and down st&i, and supporting oneself if a fall does occur. Poor vision is common
in the elderly and cataracts, glaucoma, and macular degeneration are strongly related to
increasingage[33]. Visual impairment is a risk factor for falls and specific aspectsision
which cause a fall include that which has been mentioned gies related macular
degeneration, impaired visual acuity (VA), depth perception, visual field &ssedge
contrast sensitivy [34)].

However, caution must be taken when correcting for visual problems. One randomised
controled trial recruited 616 men and women from an outpatient aged care service, who were
over the age of 70. Thayerethen randomiseéhto two groups and the intervention group
receivedtreatmentto correct theirvision, with a new pair of glasses and referral to an
ophthalmologist for glaucoma, agelated maculopathy treatment and catascgery, if
needed. Controls did not receive a review by an ophthalmologist or optometrist. This study
showed a significant increase falls in the intervention group (RR, 1.57; 95% CI, 1.20 to
2.05)[35] but as 92% of the intervention group acquired a new pair of glasses, the results may
be due to adjusting to this new pair. The risk of falling is greatdabe first month of follow

up after the eye chealp [35], which supportshe idea that older peopleayfind it difficult
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to initially adjust to a new pairof glasses The aut hor 6s expl anati on
control subjects at baseline were frailer than the intervention group, there was a high level of
contamination between the two armgaring bias of falls was a factor and improving vision

could encourage more risky behaviol85]. Theseresults do suggest anomalies when

correcting vision in older adults and vigilance is required.

2.5 First and second eye cataract surgery on falls

Symptomatic cataracts are contributors to falls and injuries in older §86Jt<Cataracts
are opacification of the crystalline lens in the eye, formed by the accumulation of water and/or
denaturation of lens proteifi87]. Catracts obscure vision, as light cannot pass through the
lens due to reduced transparency, and in nuclear sclerosis type cataracts the lens itself
becomes more round and induces mydgid. Three hundred and si®¥70 yearolds were
randomly assigned to either expedited cataract surgery of 4 wedie usual wait list of 12
months. Harwooet al.found that expedited cataract surgesgiucedalls by 33% (RR, 0.66;
95% CI, 0.450.96)[38]. This reduction in falls from cataract surgery is not only seen in those
people who have severe cataradtwd kat dalasod s
better than the limit to drive (binocular VA 6/12). The cohort for first eye cataract surgery
consists of frail elderly people who are the target population for falls prevention. Frailty is
defined by whether the older person hasisiory of falls in the preceding year, are using
appliances for mobilising, and taking more than four drugs. The greater the frailty the more
they will benefit from cataract surgery with regards to falls prevefiiéh When second eye
cataract surgery waserformed within half of the same cohort who underwepedited first
cataract surgeryhere waso significantredudion in falls (RR 0.68, 95% CI 0.39 1.19;P =
0.18). A systematic review and metnalysis collating the randomised control trials on
expedited cataract surgery found an improvement in VA but not a reduction if4f@Lls
However, even though second eye cataract surgergadidmprove falls riskit did improve
VA, contrastsensitivity, stereoscopic, confidence, visual disability and level mdibap[40,
41]. The absolute improvements with second eye cataragersuvere much less than the

absolute improvements from first eye cataract surgery, possibly due to a ceiling effect.

The cost angkis of first cataract surgerywa f avour abl e o-tinee{42t he p
The UK National Health Service threshdior willingness to payis £30,000 per quality
adjusted life years (QALY) and first cataract surgésy a 78 year old womaooss £13,172
per QALY gained over 10 yeafg?2]. Furthermore cataract interveidn seems favourable

compared withother health care interventions. Three quarters of the population stodied
7



first expedited cataract surgeha d a d@dmicat ar act , which sugg

perform cataract surgery to prevent falls

2.6 Glaucoma and falls

Glaucoma is optic disc atrophy, which leads to visual field loss (arc scotoma) and, if
untreated, can result in total blindnesss lan important condition because it is common, with
a prevalence of 1% people®0 years of ag¢37]. Because older people rely so much on
their peripheral vision to carry out activities of daily living, the risk of falling is aifsogmt
factor in glaucomatous patients. Older people with glaucoma are more likely to have fallen in
the previous year than agéjusted controls (ORRadjusted)3.7; 95% CI, 1.14 12.05)[43],
and visual field impairment of 40% oregter was associated with falli(@R of falling, 3.0;
95% ClI, 0.94 to 9.8)44]. Glaucoman 104 community delling older people >65 yeargas
an independentigk factor for recurrent falls versus single $af = <0.001[45]. Additionally,
glaucomatous changes are associatitldl reduced postural stabilityexplaining alnost 20%
of the variance in balande a cohort of 54 community dwelling >65 year oldk]. By
slowing the progression of glaucoma the rate of falls decr¢dges-urthermoreglaucoma
medicationsuch adong term betélocker, prostaglandin and their combinatie@reused in
148 subjectsand their falls risk after adjustindgor confounders showed no significant
difference in falls rate betwedhe glaucoma medicatiorjg7]. In summary,vision loss in
glaucoma is costly and costs increase with severity of visualbosdreatment of glaucoma

can result in a reduction of fall48].

2.7 Age related macular degeneration and falls

Age related macular degeneration (ARMD) affects the macular and fovea, distorting the
central image which is tested by the amsler grid. ARMD is eithefdingen depositg)r wet
(haemorrhagdrom angiogenesjstype and each type has a different outcome and clinical
course. In the advanced stages of the disease, the central part of the vision is lost completely
(central scotoma) but the visual fields stay intact and older people can stithpadtvities
of daily living (ADL). However, this loss and distortion of centralion is why falls occurin
this cohort of older peoplet9], increasing their fallsisk by two-fold [50, 51]. Furthermore,
the bending of an iage, metamorphopsia, can &ieilar to the effect seen witRALs T a

prismatic displacement effect, whichdescribed in Chapter 3 of this thesis



2.8 Visual acuity

Poor binocular VA is associated with falls in the elderly papoih[52], and he reason
appears to be twofold:) poor VA increases swdp3], and2) problems withfoot clearance
[54]. In 95 older adults, when standing on a compliant surface, swaysigagicantly
associatedwith poor visual acuity and contrast sensitivit{partial correlation analysis
controlling for age reveale@.28 and 0.26 respectively [53]. In addition, vihen VA was
artificially blurred in 36 healthy older females, the folgazance of a step increased in height.
Thisresult was possibly due to the apprehension around ascendingaadt@powedhe foot
more space to clear the edge of the ,swpch would appeamlurred [54]. Furthermore,
binocula VA worse than 20/60 (6/18yas associated with hip fracturedR, 1.5, 95% ClI,
1.1 to 2.0) when adjusted foonfounder$33].

The Beaver Dam eye study folled/3722 participants between the ages of 43 to 86 years
old over a 5 year period and had a dropout rat256t This study foundhat the odds ratios
for nursing home placement wakatistically significantor those with the poorest category of
visual sensitivitywhen controlling for confounders in multivariable modg$§]. Poor VA,
binocular acuity, near acuity, contrast sensitivity and visual sensitivity all correlate to a

history of falls within the past ye§52].

It is not VA alonewhich can causdalls but the difference iWA between each e\&6].
A study that assess& in each eye found that a lary@ difference increased the rate of
falls [56]. This is in direct contradiain to cataract surgery findings, in which correction of

theVA of one eyesignificantlydecreasethe rate of falls but correction of both eyed dot.

For elderly people with visual impairmerddaptation strategies are postulated to prevent
falls fromoccurring[29, 57]. A Cochrane review assessed the effectiveness of orientation and
mobility (O&M) training to help those visually impairg¢87]. The training technique teaches
the participant to rely ontler forms of sensation inputs agien tools to negotiate the
environment safely and independently. They found no differences between O&M when

compared with physical activity, félhe potential to trip and hurt themselVés].

2.9 Presbyopia

Presbyopia is a normal aging process, whidjirnsearound the age of 40 aisddue tothe
lens hardeimg andreducing itsability to accommodate. Accommodatiathe ability of the

lens tofocus the retinal image when an object is placed close to the eye; the ciliary muscle
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contracts which causes shimuscle to fatten, which in turn relaxes the tension on the
suspensory zonules and causes the lens to become more convex. The ability of the lens to
become sphericalecreasewith ageand this process first becomes noticeantaindthe age

of 45, when ear vision glasses are often required for reading. If the person has distance
glasses already, then bifocals can be prescribed. By the age of 65 all accommisdasibn

and must be replaced bgar vision spectaclg87].

2.10 Multifocal glasses

Multifocal glasses are practical, especially for those vétuire a distance prescription,
are active and have presbyopide term naltifocal glasses includdifocals, trifocals and
progressive lenses. Bifocatemprisetwo lenses, a lens for distance vision (at the top) and a
plus lens(addition) for near vision (at the botte). Trifocals have three lensdbe top one
third corrects for distance, the middler@xts for intermediate distance and the bottom third
corrects for near vision. While the progressive lens has a power spewmthe lensThe
progressive lens thus allows for near and distance vision without a stepwise jump. However,
the progressiveehs has large areas of aberration in the peripheral section, which is illustrated
in Figure 22. Anecdotal evidence suggests that walking while wearing a pair of progressive

mul tifocal gl asses, Omakes t[38e worl d appear
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Figure2.2. An isocyinder plot of a planct2.0® addition. This shows the VA contours on a progressivedigpistedon the
left and right. Bifocal lenis depictedn the centre[59, 60].

Wearirg multifocal glasses are known to increase falls in older people compatied
wearingnon-multifocal glasse$2] but exactly how they contribute to falls is not knowooP
VA, stereopsis, contrast sensitivity and visual field defects are associated with an increased
risk of low fragility hip fracture$33, 61]. Multifocal glasses are shown to affect edge contrast
sensitivity and depth perception when looking through the reading section of the lens at far

away objects, and limit the visual fields because of the small section for distaire2].
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Moreover, multifocal glasses cause objects to be falsely projected due to the prismatic
displacement effect where the different powers of the glasses rheetxiient of these effects

and its contribution to falls will beliscussedn this chapter angresented in more detail in
Chapters3, 5 and 6 of this thesis

2.11 Depth perception

Depth perception is relied on heavily when negotiating hazards. Binadsikan requires
reasonably clear images from both eyes, cerebral fusion mechanisms, and precise co
ordination of the movements of the two eyes for all directions and distances df3ghze
Lack of depth perception is associated vaithincreased risk of falls (OR, 685% CI, 3.2 to
11.1), as is decreasing stereopsis (tférd0.0001)[33].

Older peoplerely on cepth perceptioio balance. Loraet al. looked at whether specific
visual abilities accounted for thariation in sway among 156 older people, mean age 76.5
(SD, 5.1), when standing on a foambberpad Results showedhat contras sensitivity,
stereopsis and quadriceps strength were the most significant independent predictors
accounting for 21% of the variance in sw#®y]. Vale et al. looked at bot clearancevhen
stepping onto a step with aomocular blur of+2D, in young healthy subject3he monocular
blur affects stereoacuity and the particip@nertical foot clearancavas higher which
probably signifies a compensation to avoidihg a trip[63]. FurthermoreOneret al.looked
at the visual function opeople with hip fractures with ageatched controlsmean age of
76.3 = 7.6 yearsandshowed that VA andtereopsisvas significantly decreaseal those who
had a hip fracturgs4].

Moreover, when looking through the reading section of multifocal glasskEpth
perception wafound to beimpaired by 2.0 + 2.3 cnP(< .001) compared withthe distance
portion[2]. Whetheror notimpaired depth perception with multifocal glasses is contributing

to falls, is uncertain.

2.12 Visual field loss

Peripheral vision helpso predict wherehazardsare in the environmentind negotiate
round them It was noted that lower visual field obstruction results in increased risk of
obstacle contact and increased gait variabitithealthy middleaged paicipants[65]. This
result was thought to be due to decreased accuracy of the semswotor transformation of

the lower limbs when only the top edge of the obstacle was visible
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A reduced visual fieldesultsin an older persomeing more cautiousvhen negotiating
hazards.In a sample of 2375, 65 to 84 year oldsual field loss wasissociated wittan
increasd risk of falling (OR 1.@ for a 10 point loss of point85% 1.03 to 1.13). However,
when central and peripheral field losas in the same modelnly the peripheral visual field
loss was associated with falls (OR 1.06, 95% CI 1.01 to 168D)Binocular visual field loss
due to bilateral lens opacitieend glaucomatous nerve changeay explain why 33.3%fo
women who fell frequently had fall [67]. Again, another study found that binocular visual
field loss in older woran is attriluted to 33.3% of frequent falls. Tlaeljustedodds ratio for
therisk of at least two falls over mild, moderate, and se\®nocular visual field loss sa
1.17,95% C1 0.95t0 1.43; 1.37, 1.01 to 1.84cl1.50, 1.11 to 2.02; respectivdlyg].

Both elderly and young people perform the sawigen localking peripheral visual
stimuli. However elderly people with low level executiienction were slowerto process
and had lessdownsaccadesvhen presented with obstacles in theeripheral visiorn[69].
Consequently, elderly people with redueeakcutive abilitiegnd localising obstacles in their
peripheral vision may be at increased risk tdlh

2.13 Contrast sensitivity

Contrast sensitivityisameasur of oneébés ability to notice
than 100% luminance [68]The ability to detect corners of objects and to distinguish one
thing from another in a murky fog or through an oedematous cornea or catar&ctvery
important top e r f o r AMDLJ3V]eRoar ontrast sensitivityproduceshis effect ands a
risk factor forfalls, as previously mentioned. Abrupt changes of lumieaftect contrast as
opposed to a gradual change which cannot be detected. Moreover, VA can be corrected
through prescription ofglasses, while contrast sensitivity could be improved through better

lighting, from mesopic to photopic (high luminanéight conditions[70].

Visual contribution to postural stabilization is significantly associated with thdse
have had a fall compared witmonfallers, and is significantly associated with contrast
sensitivity[53, 71, 72]. Contrastsensitivity is reduced when forced to look through the lower
part of the multifocal glasg2]. This is illustated in Figure2.3, and suggests reasons why

contrast sensitivity can cause a fall.
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Figure 23. Simulated view of a street scene with a step in the path as viewed through single(disiamce glasses (panel
A) and bifocal glasses (pamI[3]. Panel C is a flight of stairs viewed down through a progressiditien lens.

2.14 Negotiating a step

Falls on stairs are a leading cause of accidental death, multiple injuries and hospitalization
in older peoplg60]. Older people rely heavily on vision to mobilise and negotiating stairs can
stretch this ability. It has been noted that the anticipatory phase for stair negotiation is
increased in elderly participantgith blurred vision[74, 75|, and that it takes more time to
process exoreceptive information in the central nervous system to plan thredesjapping
movement.
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Heasley et al. [74-76] investigated how vision affects several aspects involved in
negotiating steps, namelype clearance, postural swieythe AP and medidateral direction,
forces applied to the ground, and the length of time for stepping up and down from varying
step heights. In short, whenparsonwith blurred visionsteps up onto a raised surfaoe
things may be affected: the medateral displacement and the foot height (Fig#®. The
mediclateral displacement is reduced to diminish the potential for a sidewaysvifédh
could cause &ip fracture. Conversely, foot height is raised so a trip does not occur and result
in a fall forward Mediolateral displacements reduced more inthe older population
compared withyounger peoplewhen vision is blurred75]. This may be because yuyer
peope are more dexterous and hayeater confidence & sideways fall occurs. lelderly
people,increasing step height and stepping down from a height is accompanied by reduced
mediclateral displacementThis illustratesa biological gradient andalidity of the medie

lateral reductiori74].

Medio-lateral displacement

N

L~ I Foot height

Figure2.4. lllustration of a person negotiating a step onto a ledge. In order for the lead limb to clear theusficient foot

height and/or medielateral displacement is required.

When visionin the elderly populations blurred foot clearancevas shown to increase
when stepping up onto a blo¢Kk6]. There waso reductionin foot clearance seen between
young and old when vision is blurred but therasa difference in meditateral divergence
between the two age groups. The explanation for this is that elderly participants trade
increasing their step clearance with methteral instability becaussdeways, as opposed to

a fronton fall, is more of a threg?5).
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The same effect is seen whevearing multifocal glasses versus single vision (distance)
glasses. Wherl9 healthy elderly subjects (mean age, 71.4 yeaose multifocal glasses
therewas 20% greater withiparticipantvariability for vertical foot clearanceomparedwvith
single vision glasses(P = 0.0004; P = 0.013 for PALs and bifocals, respectively
Furthermore, those who wore multifocal glasses were the only catelsatth a trip during the
trial [59].

When older individuals wear multifocal glasses their ability to step down from a height is
impaired[60]. It has been demonstrated through kinematic measurements of stair descent that
wearingmultifocal glasses is more likely to cause a drop onto the lower level, conpidined
the well-controlled manner with singleision (distance)glasses. Multifocal glasses tend to
increase peak ankle and knee angular velocity compared with single visssegl but
increase the verticalentre of masselocity. Even though participants wearing either of the
glasses have similar peak forces during landing, those wearing multifocal glasses have
increased time to peak force. As such there is an increasenremiam, attenuated with a
longer period ofdesentcompared wittithose participants wearing singlesion glasseg60].

If lateral centre of masselocity is increased the possibility of ideways fall that could cause

a hip fracture is also increased. Howevhke lateral centre of mass velocisyreduced while
wearing multifocal glasses. When an individual is uncertain about the precision of landing
they are mordikely to reduce the latal centre of masselocity. In brief, multifocal glasses

cause individuals to drop to the next step in a less preaseef60].

To summarise, multifocal glasses may increase the praaifila fall on a flightof stairs
in at least two waydyy increasing the likelihood of a trip when steppingonpo a height and
landing on botHeet with less precision when stepping ddwom a height

2.15 Sway with multifocal glasses

Two of the nany factors that contribute to a fall are posture and balance. An upright
posture is maintained by continuously relaying spatial information through the eyes,
especially in elderly peoplg2]. Without this stimulation, sway in older people is increased
by 2070% [56]. It has been shown that eldegpeople cannot adapt when visual infait
removed, when measuring balan&®]. Since vision hasa large effect on balancéhis
suggestan irreversible and deterioratiaf the other sensors required to stay upright. As we
age thecentral nervous systeand stimuli providing thexoreceptive feedback diminishes. It

is known that the cefficient for the Romberg testcreases with agE2]. Factors which
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affect an older adut sisual input will have a significant influence on thstability and risk

of a fall.

Johnsonet al. looked at the effect multifad glasses have on sway in elderly people.
Eighteenhealthy olde habitual multifocal spectacleearers (mean age 72.1 + 4.0 years)
were recruited for a randomised, cras®r study comparing their original glasses with single
vision (distance)glasses. @bility was meaured by the root mean square of temtre of
pressurein the sagittal planewhilst the participant stood on a foam pad. The participants
were askd to look at different markersne at eydevel and one on the ground. The trial also
included different head positions so that they were forced to look through the near and
distance part of the multifocal glasses. Perhaps due to the small sample size (n = 18) no
statistically significant differencen stability measures wememonstrated when earing

single vision or multifocal glasseB € 0.74)[77].

Other sensory inputs such as proprioception and vestibular function are also involved in
assisting balance. So, the actual iaflae that multdcal glasses havan visual input and thus
balance would be small and possibly this is why Johretoal. did not find a significant
difference. Therefore, if the other stimuli contributing to an upright posture are removed and
visual input is focused onthen a difference may be found. Furthermore, any slight
disturbance affecting balanceuld lead to a fall. Thereforée effect of multifocal glasses
on balancevill be reviewed furthein the study reported in Chapter 6

2.16 Head position and posture

Position of the head in relation to the body influences sway and the possibility of having a
fall. Johnsonet al. study demonstrated that static head positions affect stalilltyand that
if participarts have their head in full extension this decreases postural staBikty0(001).
This may arise due to tilting of the utricular otoliths olutheir optimal working range. &r

30 degree of extension would decrease utricle sensitivity by abouf78)%

In theJohnsoret al.trial, head position was shown to affect stability. The least amount of
sway was demonstrated with the hadtkd down andthe eyesfocusedstraight ahead.
Conversely, a significant amount of imbalance was demonstrated with the head held in the
neutral position and the participaotusing on the groundavyhilst wearing multifocal glasses

[77]. As such when people are first prescribed multifocal glasses they are advised to tuck their
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chin in and to flex their head forwards particularly when negotiating steps and stairs. This

forces them to look through the distance part oflasses[77].

Habitually when one ascends a step they tend to, on average, flex their head by 24 degrees
- regardless of whether spectacdsworn (P > 0.1)[59]. There is no change in head flexion
with step height R > 0.1) [59]. However, for step descent, block height does affect head
flexion and tls is greater with increasing step hei¢®@]. This angle of head flexion means
thatolder people majook through the reading vision section of their multifocal glasses when
descending gep. Because of thiemited head flexiorand the problemassociated with the
bottom portion of the multifocal glasses, as previously mentiothesisupports the results
found by Timmiset al.looking at step descent from varying heights. This suggestswvile
wearing multifocal glasses, older participants are less precise and uncertain when stepping

down from a heightt60].

By dynamically moving the head it is possible to stress théoudast system and decrease
stability. One study looked at increasing frequencies of dynamic head movements in the pitch
and roll planes by measuring sway By and medidateral displacement. Theutcome
measure forAP and mediedateral displacement was aangle used inthe equation
6equilibrium score/ ( ETQaEvVe pdntlfidteegrees (efiresents the
angle over which a fall will occuithe EQ score could be used to compare frequency of head
movements and pitch versus roll planes. Mddteral displaement showed little deviation in
the roll and pitchof dynamic head movements. However, &ié sway increased for both
dynamicand increasing frequenaf head movements:or varying frequencies of 0.14Hz,
0.33Hz and 0.60HEQ scoredor roll are 32.4, 47 and 59.2respectively and for pitch 39.9,
54.4 and 65.5respectively[78].

2.17 Effect of replacing multifocal with single vision (distance) glasses

It is clear from the discussion previoushatwearingmultifocal glasses increasthe risk
of having a fall compared with nemultifocal glasses wearers. One large tridle VISIBLE
trial, looked at providing oldemultifocal wearers with singlgision (distance) glasses and
educated the participants on their .u€ptometrists advised the intertiem group to wear
their singlevision glasses for most walking and standing activitiestiitise of multifocal
glasses was not discouraged for seatskistthat needed frequent changes in focal lefijth
The results showed no overall statistically significamprovement of falls with this
intervention (incidence ratatio (IRR) 0.92, 95% CI 0.73 tb.16)[5]. However, those people

17



who were frequently activeutside the hombenefited fronthe intervention(IRR 0.60, 95%
Cl1 0.42 t00.87)[5]. In contrast, those people who were less active lagnaficant increase
in outsidefalls (IRR 1.56, 95% CI 1.11 t®.19)[5]. When replacing multifocal glasses with
single vision (distance) glassd®e number needed pwevent one persadinom falling overall
was 13 andthe number needed tcause one person to falverallwas 24 for active and less

active participants respectively

However, the intervention group were advised to acquire transition lenses that become
darker in sunlight, or had a tint of less than 30%, graduated tint for their new pair of
single vision glasses[5]. This tint could reduce outdoor glare and decrease the effect of
cataracts on vision. So, the singision glasses alone may not solely be contributing to the
decrease in falls in highly active older adults. Furthermore, the decre&ge with tinted
glasses and the delay in change for photochromic lexagd have contributed to the risk of

falling in some participants9].

Lastly, 26% of the intervention group had a +falh related injury(e.g. laceration, lifting
or twisting injury, burn/scald, eye injury, ldsion and pedesian injuries) comparedwith
17% of controls P = 0.01) [5]. This effect could be due to the convenience of multifocal
glasses when carrying out everyday tasks such as cooking, shopping or other such tasks.
There is a need to understand why multifocal glasses cause falls and lewwiddhis
problem,compared with replacinghem for singlevision glasses.

2.18 Prismatic displacement

Prismatic displacement is the effect a prism causes, which displaces an imageasexl ¢
a false projection. Light wavesove through the prism and bedde to the light shing in
the denser medium. The effect causes a shift of thgemalative to the object igure 2.5).
An illustration of this occurs when throwingstoneat a fish in waterthe fish will appear in a
different place than it actually is because water @asér than air and light will change
direction when it travels through the two media. This causes a false projection of a fish.
Furthermore, he amount a ray will deviate when it passes through a prism depends on the
apical angle, the index of refractiori the material (and the material surrounding it), the
wavelength of the ray, and the angle from which the ray approaches thd§@jsBimilarly,
this effect could cause a false projection of a support rail when an elderly peesanng

multifocal glassesattempts to grathe railif they have a slip, trip or loss of balance.
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Figure2.5. lllustrates the prismatic displacement effect. A depiction of a pasihthe bending of light it creates.

The perception of our environment is an integration of not only visual information but
how we process that information in our cortex. Studies have illustrated that animals have less
ability to adapt to a change in peption of their world. Hess and Shipman (1965)
demonstrated that when chickens wear prismsheir eyes they lose weightecause the
chicken pecks to the left of the grain by seven degrees due to the prismatic displacement
effect and subsequent false jeion of the grairj81]. Sperry (1943) established that when a
salamander 6s retina is rotated 180pwadilgthe ee s
sal amand eil thave downf7d]. Bath animals showed no signs of adaption over
time, however, humans do have this ability to adapt to a change in visual perception. When
wearing prisms that distort the environment humangpassiblyableto adapt to this change
within minutes. Also, after removal of the eye wear therpassiblyan apparent
e f f evlnich hay illustrate that there is adaptatiorto the change in percepti¢d2].

Prisms are different to the prismatic effect of PALs. This is because PALs have a graded
prismatic effect as opposed to a single complete image shift, seen with a prism. This
difference means that the body will adapt differently to the chanigeation When someone
is wearing asingleprism their proprioception and thus arm position wiabsibly becorreced
to the perceived visual changd&2 83]. Conversely, adaptation to PALs prismatic

displacement effect igossiblyby achange or recalibration of tlegre movementg33].
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A new prescription of glasses takese for the wearer to adjust to. Cumminig5
showed that receiving a comprehensive vision and eye a&tion increased falls by 57%
(RR 1.57, 95% CI 1.2€2.05,P = 0.001) comparedith controls who did not get their eyes
examined. In this study, new eyeglasses accounted for 92 of thmdt#tpants whaequired
some form of improvement to their visiam the intervention group, and most of the new pair
of glasseshad a large change in prescripti¢gB5]. During this 12-month study, the largest
number of falls per month took place in the first 2 to 3 moafter the initial intervention
periodcompared with controls. This suggests a period of adaptation to the new prescription of

glasses and an associatethewable period for having a fall.

It was also discussed the Johnsoretal. trial on sway thathe significant result with the
0 h enaulral gazelown stancéwas possibly due to a prismatic effect of the lens. However,
they also mentioned that the gt&s frame couldossibly have aeffect on central vision and
thus sway([77]. Further research is required to understand this link between prismatic

displacement effects on sway in older peoate] thisstudyis reported in Chapter. 6

2.19 Hypotheses and aims of this thesis

There is some suggestion that the prismatic displacement effect of multifocal glasses
could affect falls in older adult§2, 5, 60, 77, 79]. It is possibe that this prismatic
displacement effect could inhibit the protective response such as grabbing a rail when a fall
occurs or influence stability. No one, aget, has measured the subjective prismatic
displacement effect of a PAL and found if and hows tbontributes taan elderly person
having a fall. Given the current level of knowledge regarding multifocal glasses and falls
further investigation is needed in this fieltherefore, the specific null hypotheses to be tested
in this study were that

1. Map the subjective and objective prismatic casgiment effect of a PAL

2. Measure accuracy and reaction time when grabbing a lhrpashing a black line,

comparedvith wearing PALs andinglevision (distance) glasses.

3. Comparevisual stabilitywhile wearingPALs andsingle vision glasses.
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Chapter 3 z Prismatic displacement of a progressive addition

lens

3.1 Overview

In this chapter,| discussthe prismatic displacement effect of RAL. The prisméc
displacement effect is illustrated by viewing a fish in watégyre 3.1). As light passes
through the boundary between two media, with different densities, it bends and so creates a
false projection of the fish; or a false projection of a suppdrtaarab if an older person has
a slip, trip or loss of footing. This preliminary study was aimed to elucidate the prismatic
displacement effect of a plano B4PAL. Measurements were made of the degree and

direction of displacement of a PAL, by two metbod

1. Subjectivey, using a modified Hess testigbres3.2 and3.5);
2. Objectively, using a focimeter (Figu@3).

The following results will show where, on a PAL, the largest prismatic displacement
effect occurs. These data were subsequently used ideiign of thestability and reaction

time studieseported in Chapters 5 and 6
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Figure3.1. lllustration of the prismatic displacemesgffect of a fish in waterThe bold lines represent the true path of light,

while the dotted line and fish representseHalse projection.

P =

Monocle attachment
Left PAL

Red light pointer

Figure 3.2. The Hess test is modified with the monocle attachment and left PAL, and allows the pris
displacement effect to be mapped. Hess test glasses (left), red and green light pointers (right), monocle atta
22



Figure3.3. Nikon projection focimeter.

Figure 3.4Left, plano +4power PAL Dotted lines represerthe section of lens that wamapped.
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3.2 Methods and materials z the Hess est (subjective)

3.2.1Volunteers

| recruited 10 healthy volunteeir®m the Dunedin areanean age of 22.6 (SD 2.8) years.
They had 6/6 vision or better, and had not seenpaometrist or ophthalmologist within 24
months. They were not myopic, hypermetropic, or astigmatic, and they had normal retinal
correspondence and central fixation. Volunteers were excluded if they had any mechanical or

neurological ocular problems.

3.2.2 Equipment

The Hess test is used clinically to detect exttalar muscle deficiencies, and essentially
di ssociates the eyes so that [8faThh Hessytesb s m
consists of a pair of glasses with the rigltted lens filtered green and the {giled lens
filtered red, and two coloured light pointers corresponthrttpe two lens colours for the Hess
test glassefFigure 3.2). The light pointers project a V shaped coloured light onto a surface.
The surface used was 1100mm by 800m plain white paper, and consisted of a grid of points
separated by 100mm, vertically ahdrizontally (7 by 11 pats, respectively). A Keeler
Halberg monocle attachment, which could fit a PAL, was placed on the Hess test glasses. The
lens used was a left and right PAL, pland+gowered, the typical type of multifocal glasses
prescribed forolder peopleand which wouldenhancethe largest prismatic displacement

effect

3.2.3Trial

The volunteers stood with their eyes two thirds of a meter away from, and in the middle
of, the grid of pointsThe head was positioned in the centre of the grigadnts by first
measuring the height of the participant. This measurement was taken from the ground to half
way up the participantds gl asses. The <cent
height. Participants were repeatedly asked to keep lieeidas still as possible throughout
testing The glasses were placed 15mm away from the eyes, initially without the monocle
attachment or lens. The volunteer was given the green V light pointer and instructed to match
the tip of the V withthetipofth e x ami ner 6 s rwhich wasshone gnihegrid oi n't
of points. Because the red filtered | ens i s
eye can see the examiFigueer3®sThe romhal Messl tesgvias p o
performed for the right eye and recorded with a blue dot on the grid of pdimtswas done
to indicate the@resencef and to control fopossible heterophoria.
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The monocle attachment and the right PAL was placed on the right lens of theestess t
glassesKigure 3.2, and the PAL was 20mm away from the eye. The Hess test was repeated
and recorded with a red dot on the grid of points. The normal and modified Hess test was then
repeated but instead the right eye was fixating, the examiner leelgtéln V light pointer,
the participant held the red V light pointer, and the lens plus monocle attachment was on the

left lens of the Hess test glasses with the left PAL.

r T T Grid of points - — - -
Investigdor 2
|
- P £ + + + + + + A
A
F + + + + -+ -+ + n
AN % SN+ A
/ Investigator 1
- + + o+ S + A
Volunteer \/I v
T R ‘ \/I +
L L L . 4 n r

Figure 3.5. lllustrates the Hess test with two investigators, red and greght Ipointer, blue marker and the volunteer

wearing the Hess test glasses (red and green filtered lens).

3.2.4 Measurement

A ruler measured the distance (mmljmm]) of the blue dot in relation to the red dot,
vertically and horizontally, which represernitee basdine normal Hess test and the modified
Hess test measuring the PALs prismatic displacement, respectively. The measurements were
given a positive or negative value depending which direction the displacement was, and the

results for each point waseraged and plotted on a three dimensional graph.
3.3 Methods and materials z the focimeter (objective)

3.3.1 Equipment
The Nikon projection focimeter is essentially a light box that can measure prismatic
displacement of a lens placed in the aperture eflitte of light Eigure 3.3. The focimeter
was used to map a right and left, SN#To plano +Bp ower ed PAL. /Aigypd ast i
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3.6), 40mm in diameter, with a grid of holes (each hole 1mm in diameter and 2mm deep)
3mm apart, vertically and horizontal(7 by 11 holes, respectivelyyas used By using

tri gonomet rapndits holes comesparsl lexactly to the grid of points used for the
Hess test and section of the PAL mapped, red dotted line in Bgliigsing trigonometry to
calculate the it ance bet ween e aelhy takinglthe distance fromdahe 6 ma :
volunteerds eye to the |l ens to be 20mm, t he

be 6666mm, and the distance between each grid of points to be 100mm; a calcoilation
angle x = tan™! 100mm 2 + 666.6mm ,
length O = 666.6mm — 20mm tan angle x ,

100mm — length O x 2 = length x, (Figure3.7).

Figure3.6.L f f dzZA G NJ (1 Sa G KS uUsvhtia displacdme® & a BA., with- tHelfodirfefer. LINJ

Two points on thgrid of points

¢

Two hol es on

dprh 3

oiple x

La0mir

¥
Ghé. G 20im

Figure3.7. lllustrates the dimensions for the trigonometry calculations, converting the Hess test grid of points to the holes
2y GKS WYFa1Q F2NJ GKS F20AYSGSN®
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3.3.2 Measurement

The & mas k 6 onwhe $ens pahdaeaadh dhokas tested using the focimeter. The
prismatic displacement was recordedagdioptres, and converted to mm of displacement
(dioptrex 6666 =~ 100=Amm of di spl acement o). Both the
and the right PAL was again inverted and averaged with the left PALs results. The focimeter
resultswereused to chck the validity of the Hess test experiment and for comparison of the

objective vertical/horizontal prismatic displacement effect.

3.4 Results z the Hess test

The results werérom 10 volunteers, testing both their eyes. By inverting the right PALs
resuts it could be superimposed and averaged with the left PALs results, consequently a total

of 20 trialswereconducted.

Figure 3.8 depicts the horizontal displacement for an average left PAL. The figure shows
large displacements moving outward in the baotworners of the lens, in the section mapped
of the PAL Eigure 3.4. The lagest displacement at positich0D, Q is 14.5mm (SD, 10.6) in
a leftward direction, and therlgest displacement at position [1100j95.9mm (SD, 14.9) in
a rightward directin. There is minimal horizontal displacements seen in the centre of the

PAL, graphically shows an O0el ephant trunk©d
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Horizontal Prismatic Displacementeft PAL

Vertical grid (mm)

Amount of displacement (mm)
(+ve is rightward andve is
leftward displacement)

|79 o5-7 o35 213
500 400 — r . B-1-1 B-3-1 B-5-3 B-7-5
Horizontal grid (mm) 700 800 1y
900 4000
m-9--7 ®-11-9 |-13-11 ®-15-13

Figure 3.8. Horizontalprismatic displacemenmeasured by the Hess testhe different colours correspond to the degree

(mm) and direction (+vedve) of displacement [see legend].

Vertical Prismatic Displacementeft PAL

~  Vertical grid (mm)

Amount of displacement (mm)
(-ve is downward and +ve is
upward displacement)

®1315 01113 0O9-11 o079 o5-7

Horizontal grid (mm) 700 g0 o —Lp

Figure3.9. Verticalprismatic displacemenneasured by the Hess testhe different colours correspond to the degree (mm)

and direction (+vete) of displacement [see legend].
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Figure 3.9 depicts the ertical displacement for a left PAL. This figure shows large
upward displacements at the top left and right corners, 16.2mm (SD, 6.7) and 12mm (SD,
12.1), respectively. The bottom right and left corners show minimal vertical displacement.

3.5 Results z the focimeter

Figures 3.10 and.B1 illustratethe results for the prismatic displacement effect measured
by the focimeter. The results are for a left PAL, as mentioned, the right PAL has been
inverted and averaged with the left PAL measurements. Figjdfedepicts the horizontal
displacement of the section of lengasured on the left PAL (FiguB4). Similar to the Hess
test results there is a displacement seen in the right and left bottom corners, extending away
from the centre of the lens. The maximatanurable displacement in the left corner is 13.3
(SD 0)mm and the right is 13.8SD 0)mm. Thereis an area in the middle of the PAL with

no or minimal displacement.

The focimeter results show that the most irregular prismatic displacement is at the
peripheral edges of the section of PAL examined. The horizontal displacement shows the
image displacing outwards from the centre of the lens, and as the section of the PAL is closer
to the peripheral edge, the degree of displacement becomes larger. Thers appeaan

6el ephant trunk©& s hapedthatkas hdisplactemem. t he mi dd
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Horizontal Prismatic Displacementeft PAL

Vertical grid (mm)
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Figure3.10. Horizontal prismatic displacementeasured by the focimetefThe different colours correspond to the degree
(mm) and direction (+ve¥e) of dispacement [see legend].
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Figure3.11. Vertical prismatic displacememheasured by the focimeterThe different colours correspond to the degree

(mm) and direction (+veye) of displacement [see legend].
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The vertical displacemeimn Figure 3.11shows an inoreasing upward displacement when
progressing up the section of PAL tested and a slight downward displacement at the very
bottom corners of the section. The maximal prismatic displacement upwards at the top of the
lens is 13.3 (SD 0) mm and the maximal devard displacement is 10(8D 1.2) mm and
8.3 (SD2.4) mmin the left and right bottom edge, respectively. Ther@ small strip arcing
along the bottom of the section of this lens that does not have any prismaticeirsga

effect, depicted in red.

3.6 Discussion

Both the subjective and objective prismatic displacement effect of a left andPAdht
was measured by 1) the Hess test and, 2) the focimeter, respectively. This is, to my
knowledge, the first map of tiseibjectiveprismatic displacement eftt of a PAL.

Using the Hess test to map the prismatic displacement effect of a PAL showed a similar
pattern to the focimeter results. It is inferred that if enough individuals were tested with the
Hess test, it would show similar results to the fociméteother words, the focimeter mapped
the prismatic dislacement effect similar to whighe subject would see through the PAL

It has been postulated that adaptation of glasses for an older person occurs over a long
period, possibly a montf35]. Grahamet al. compared10 young and 10 old participants
(mean age 22.3 (SD 4.6) years and 74.5 (SD 4.3) yespeatively)in changes in gait when
stepping up onto a block height of varying size when changing refractive power lenses
(binocular magnification ot1%, +2%, +3%,and + 5%),. They concluded that age and a
time period of 1 minute did not allow adaptatitlmthe different lenses for gdi85]. The
results from this study are largely consistent with my results in that volunteers did not adapt to
the prismatic displacement of the PAL, illustrated by the similar results found with the Hess

test and focimeter.

The main finding from the study is both the Hess test and focimeter results show the most
varidion in prismatic displacemerat the edge of the section of PAL examined. The
horizontal displacement seen with both graphs shows the image displacing otitorartise
centre of the lens, and as the section of the lens becomes closer to the periphery the degree of
displacement is larger. The maximal horizontal displacement taken from the focimeter is

between 13l5mm either side of the bottom of the edge ofsthetion of lens examined.
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The middle of the | ens for the horizont a
section that has minimal prismatic displacement. This corresponds to the area preferentially
chosen to viewthrough and utilized forADL. This area, depending on the model, can vary
between progressive multifocal glasdéshis area is smaller, then it may increase falls, and |
hypothesize that the larger this area is, the better older people are able to protect themselves

from a fall and thedss likely they are to have a trip, slip or loss of balance.

Current guidelines recommend that older people do not remove their glasses, as unaided
distance refractive error is a significant risk factor for fgB$. So a comparison of
progressivanultifocal glasses must be made to single distance vision glasses. It is postulated
that the points of maximal prismatic displacemetth PALs will be larger thanwith the
single vision(distancé glassesFurthermorethese areas of prismatic displaceteril vary

depending on the position of gaze.

There areother methods o$ubjectivelymeasuring the prismatic displacement effect, for
instance the modified Thorington techniguewever, the Hess test sgmpleto perform in
the multiple locations chosemdshould give similar results.

3.7 Limitations

Indeed, with he Hess test, on some occasiskight head movement did occur because the
volunteer could not physically visualise the light poin®@ecause of this, the edges of the
section of PAL mappeevould be a poor representation of the degree of displacement that
does occur; and also showdtk preferencef the volunteer to fixate through the middle
section of the lenswhich is the area with the least variation of displacement. This may
explain thesmall prismatic displacement results with the Hess test in the periphery of the lens,
compared to the focimeter. Possibly a neck cuff fixed on the volunteers could have reduced
this effect by reducing movement of their head, and so forcing the partitgpaetv through
the outer edge of the PAL.

The focimeter measurements are more precise compared to the Hess test results.
Nevertheless thergalimitations to the focimetei.he very bottom left and right areas could
not be measured because this coteelato the edge of the lens. However, the general
extrapolated pattern of prismatic displacement progressing down the PAL appears to increase
in size. 9 , i f a | arger Pefl,Lthe aegutts wouldgpeskildy shoe targer u s

displacements in the twbottom corners. Because of this limitation, the possibly largest
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prismatic displacement was not measured, and utilized for the stegmsedin Chaptes 5
and 6. However, due to the posgtithat if the equipment, reported irh@ptes 5 and 6, was
phaced outside of the section of PAL mapped
gl assesd6 field of Vvision. So the results f

study, and not extrapolated.

Due to time limitations the prismatic dlapement effect of a range of differently
manufactured PALs could not be mapped, and compared to single (dstence lenses.
Furthermore,what specifically creates the prismatic displacement within a RAk not

deduced, and could be questions fottfar study.

3.8 Conclusion

Both the Hess test and the focimeter demonstrate a possibly clinically important prismatic
displacement effect d?ALs. The largest variation of prismatic displacement was seel) in
the lower periphery for horizontal displacem, increasing outwards when progressing to the
edge of the lengFigure 3.10) 2) centre for vertical displacement increasing upwards when
progressing from the bottom to the top of the section of lens examifigdré 3.1].
Although, the prismatic disptement effect of multifocal glasses is alluded to as a potential
reason for fall§2, 5, 60, 77, 79] no one, as of yet, has tested this effect. Based on the more
accurate focimeter results, the following studiegortedin Chaptes 5 and 6 will target the
areas ofgreatesprismatic displacement in an effort to undanst its effect on falls, anihe

protective response when a fall occurs.
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Chapter 4 z Equipment and methods

4.1 Overview of studies

The main objective were to 1) measure the prismatic displacement of PALs, 2) test
whether the prismatic displacement effect impairs the protective response to a slip, trip or loss
of balance, and 3) test whether PALs alter stability when relgoigly on vision to stay up

right.

The hypothesis is that PALs have a large and variable prismatic displacement effect, and
this was confirmed by a modified Hess test and focimeteasuring a section of a PAL,
reported inChapter 3. By placing a bar or [@dack line in areas of layest prismatic
displacement, reaction time and accuracy was compared between PALs and single vision
(distance) glasses. If the participant hesitates when fixating througlartfesst prismatic
displacementone(s) of the glasseand is slow and inaccuratgth grasping theequipmertt
then this could be considered a proxy $mmeonevisualising a support rail through large
prismatic displacementendbe less likely to grab for support if a slip, trip or loss of balance
occurs. Because PALsfatt vision ina number of waysby removing proprioception and
vestibular function (the other two senses known to hslgtay upright), PALs effect on
vision and balance can be assessed. The amoR déviation from centref masswill be
measured, and comparediween PALs and single vision (distance) glasses. Consequently,

this will then show whether PALs have any effect on the ability to staighp
4.2 Equipment

4.2.1 Power lab data acquisition system

The PowerLab® data acquisition system along with the balbi® programm¢86] was
used to measure reaction time and accuracy. Btem sent a timed light sour@nd
received an input, which iseen as a voltage spike on the main LabChart® programme
display Figure 4.). The LabChart® programme then analysed these data for time to grasp
the bar and push theack line and which switch was pushadderthe foam pad.
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Figure4.1. LabCha®displaywindow. Left is the playback of video capture, and centrally and-fight side is the

feedback from inputs and outputs over time, are displayed. Note that the output in channel 1 is 9V, the output in channel 4

is 3V. By modulating the ouput voltage,eftively more channels could be simultaneously utilized.

The PowerLab® system used was a 4 input and 2 output device. However, part of the
study required 9 separate switches, therefore 9 inBytausing a 9, 6 and 3 volt battery
supply, the different vodige spikes could be distinguished on the LabChart® system, and

effectively transforming the PowerLab® system from 4 inputs into a 12 input device

The Video Capture Module®6] provides the ability to capture and synchronize video in
Windows Media Play@® format together with the LabChart® data recorded on a PowerLab®
data acquisition systenfFigure 4.). A video camera on a tripodirectly in front of the

participant recorded the participantés hand

4.2.2 Reaction time and accuracy equipment

A Mobilis® Quad Walking Frame was modified for the purpose of this study. The brake
on the walking frame was thmarto grasp. A push switcvas connected to the brake pad on
the wheel bthe walking frame, which sera signal to the PowerLab® acquisition system
(Figure 4.2. The input to the PowerLab® acquisition system, when grasping the brake, was a
9 volt battery connected in series, whigtpresented a voltage spike of 9 volts on the

LabChar® programme
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Figure4.2. Themodified Mobilis® Quad Walking Frame. This diagram illustrates the walking frame and the three major
components attached to the frame: top left is a picture of thiad line onthe foam pad, top right is the bar to grasp, and

bottom right is the switch on the brake pad.

Accuracy and reaction timgere tested bgrasping the brake amtessing thélackline
after alight signal. Figue 4.3illustratesthe nine wire swith schemation a veroboard. The
extreme top and bottom, and centwéhich is wherethe black line underthe foam pads)
switches on the veroboard were wired with a @ battery, the top three switches were
connected with a &/ battery, and the three bottoswitches were connectedth a 3V
battery. Each switch connectexla different cannel on the PowerLab® systemdifre 4.3).

The line on the foam pad was a 1mm wide strip of black masking tape 68mm long.
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Figure4.3. A veroboad containing 9 switches (represented by the thick black lines) with a line on a foam pad placed
on top of it. This diagram representeitie different voltage input to each switch and which channel on the PowerLab® data
acquisition systerrand LabChart® thimput were sent to. Height and length of the veroboard was 75mm and 130mm,
respectively. Switches were raisatiovethe veroboard, and spaced 7mm apart. The foam pad covering the switches was

5mm thick, and the black line placed on it is 1mm thick blackking tape and 68mm long.

To be able to adjust the height of the bar on the walking frame araatieline ona
foam pad in relation to the participant, a wooden structure, an adjustable walking frame, and
an adjustable seat were utilised. The woodasctire was designed to sit the walking frame
on it and raise the walking frame by 380mm, see FiguteThe wooden structure was also
designed to raise the back wheels by 250 mm, so that the brake could be reversed and placed
in a vertical position. Thérake andlackline could be placed horizontally or vertically on
the walking frame, and thewere7 passible adjustable heights, seable4.1. The seat height
could be adjusted from 450 mm to 690 mm, and fixated by three Velcro strapelthtite
stool in one place. This system enabkadjustments of the stool height to be made without
compromising the fixed position of the subject, because significant movement haudd
affeciedthe ocular fixation through the particular zone(s) of the glasses.
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