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Contact Lenses and Flying - A Review
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At present the alrarow of Defence Forces in India
are not permitted fo Hy with contact lensas. Studies
conducted In delence osiebilshments of countries ke
UsA, UK, lersel snd Swoden found contact lenses
compalible with fiying. They now permil their alrcrew o
fy with eontact jenses. The bohaviour of different contact
fenses  under verlous aviation stresses and  the
advantoges and disadviniages of contucl fenses in
aviatlon as reported In the lilerature are reviewed in this
orifele.
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The visual standards’ followed in Indian
Defence Forces al present are - a antry tor flying
pilot duties glasses are not parmilted, but for
aircrew other than pilots, the maximum limits of
refractive power permilled are (i) hypermetropia
+3.50 D, () myopia 2.0 D and (iif} astigmatism
L 0.75 D for experienced serving pilots of fighter
stream maximum limits of + 3.0 D is permitted
However these pilots are not permitted ta fly
aircralt where pressure clothing is mandatory. Any
ditficulty experienced in wearing the glasses with
2 parlicular assembly of flying clothing for an
aircraft will make the pilot unfit for sorties requiring
the use of such fiying clothing. For the trained
transport and helicopter pilot and aircrew olher
than pilots, the maximum permitted reiractive
power limits are 1 3.50 D. Use of contact lenses
are nal yal permitted in Indian defence flying.

Use of contact lens in aviation has kang
been a subject of controversy. Az the speclacls
lenses are not found compatible in flying with
different types of headborne equipment viz.
pressure helmets, night vision goggles and helme!
mounted displays, other optical aids are explored.
Contact lenses have been tried and their
compatibifity in flying under warious aviaticn
stresses have been studied by many. In countries
like USA, UK, Israsl and Sweden, contact lenses
are now permilted in military flying.

Evolution of Comact Lenses

The concept of contact lens to correct
refraclive error is an idea which Leonardo da Vinei
suggested wayback in the year 1500. Sir Thomas
Young in 1801, so as to carrecl his own
asligmatism, used a 1/4 inch long tube filled with
waler and a liny lens placed al its froml end and
placed it on his eye and called it hydroiascope. In
1888 AE Fick of Swilzerland was the first 1o call it
Kontackbrille, which means contact lens. In 1938
Qbrig and Salvatori of USA introduced Polymethyl
methacrylate (PMMA), the hard lens. In 1948
Kevin Tuohy of USA produced the first comaal
micro hard lens. In 1968 the sofl contact lens
material hydroxelhyl methacrylale (HEMA} was
inroduced in Czechoslovakia®. Since then various
types of daily wear and exlended wear soft and gas
permeable lenses came into existence.

Differentiating Points of Cantact Lenses
related to Aviation

The hard lensas require a significant period
for adequate lolerance. They may cause
ralractive carneal changes that result in blurred
spectacle vision. There are cerain optical
indicalions for wearing these lenses, such as
Keratoconus, high astigmatism etc. They are
prong to subcontact lens foreign bodies in dusty
environments. They are impermeable to gases.
They can be more easily dislodged due 1o their
smaller diameter than cornea. The semisoft or
rigid gas permeable lenses have the propery aof
gas permeabilily, otherwise they resembls the
hard lenses in their other properties. The soft
lenses contain large parcentage of waler (38 to
78%]). They are gas permeable and llexible. Thers
are certan optical contraindications for their use
due to the flexibility. They are immediately
comfortable and centre well. They are not easily
dislodged due lo their larger diameter than
cornea. Visual acuity in_some cases is not as
good as with hard lenses®.
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Introduction of Contact Lenses into
Aviation

United States Air Force (USAF) : A
comprehensive review of the introduction and
further pursuil of conlact lenses in USAF has
been made by Tredici and FI!_.rnn‘?. USAF first
began to show serious interest in contact lenses
in 1950 and 21 aircrew ware fitted with corneal
hard lenses. All of them poorly loleraled the
lenses and discontinued wearing them in a shor
period of time. Again from 1855 to 58 hard vented
plastic scleral lenses were ned on 64 pilots and
navigators and resulls were not satistactory.
Improvad corneal designs  stimulaled  anoihar
sludy in 1959, In this sludy 82 USAF flying
personngl were litled with corneal hard lenses
and by 1880 only 50% of the original subjects
canlinued wearing (hem and by 1365 only 3 of tha
original 82 were wearing their lenses. In anothear
sludy camied oul al USAF School of Aerospace
Medicine in 1986, total subjects consisted of 55
aircrew (19 pilols, 9 navigators, 27 other aircrew)
wearing contact lenses lor optical indications as
Aphakia (22}, Keratoconus (13) and
miscellaneous such as anisomelropia, iregular
astigmatism and high refractive errors (20). The
type of lenses used were hard in 70% and soft in
30%. Out of these 55, 51 were reflighted in all
types ol aircrafts including fighters though with
waivers in some of them and 4 were grounded
due to other medical disabilities.

Royal Air Force (RAF} : An environmental
sludy on the flight acceptability of soft contact
lenses was conducted in 1584 at Instiule of
Aviation Medicine RAFS. Here a comparative
study between contact lenses and corrective
flying speclacles (CFSjwas made on 17
ametrepic  aircrew  in different  aviation
environmental schedules. The lenses tried were
the soft lenses - snoflex with 50% waltsr content
and scan lens with 75% water content. In this
sludy the performance with centact lens wear did
not significanlly differ from thal with CFS.

Israel Air Force : A study was conducted in
Israel in 1975 on soft lenses in civil and military
aviation under flight conditions ol different
altitudes, pressures, humidities, accelerations,
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light and glare. The |enses were found
comfortable in all 10 suhiects“.

Behaviour of Contact Lenses under Different
Aviation Stresses

Hypoxia and Hapid Decompression
Jaeckle in 1944° reported Incidence of subcontact
lens bubble formation under hard scleral lensas al
alliudes greater than S5486m (18000 It), Later
Newsom et al® (1968) reported bubble formalion
in 66% of the 16 corneal hard lens wearers al
altitudes greater than 5486 m, They lound that
two subjects experienced blurred vision from
formation ol large bubbles under |heir lenses,
Flynn el al’ conducted studies with rigid gas
permeable and solt lenses in hypabaric chambars
and onboard USAF transport alrcraft far effects of
hypoxia. Hypobaric chamber flights ranged lrom
2438 m (8000 1) to 7620m (25000 1), rapid
decompression from 2438 1o 7620 m (8000 10
25000 ) and on board transpod aircrafl with
cabin pressure equivalent to 1524 to 2438 m
(5000 to 8000 ft) with duration of 3 1o 10 hours. At
B0S8 m (20000 It) and above all the live subjects
with  rigid gas permeable  lenses  showed
sub-contact bubbles al edges and two ol them
also showed central bubble formation. With soft
lenses bubble farmation was delaclad in 24% out
ol 45 subjects: but they were located at limbus,
There was no measurable degradation in vision or
comeal intagrity with both types of lenses

In another study by Flynn et al® soft lens
wear was tesled in hypobaric chamber. Vision
and physislogical responses of cornea were
monitored by testing visual acuily, contrast
sensitivity and slit lamp examination on 10
subjects al 7620 m for 75 min and 8 subjels al
3048 m for 4 hours and 4 subjects in dry air with
5% relative humidity at 2048 m altitude. Results
indicaled thal there was no visual delerioration in
all the 10 =ubjecis at 7620 m. At 3048m for 4
hours and in dry air studies, some of them
showed grade | minimal signs such as
conjunctival injection, corneal vertical striae,
epithelial staining, and tear debris. There was no
measurable degradation in vision in many of the
subjects. Brannan and Girvin® reporled no bubble
formalion with soft lenses lested at altitudes of
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3658 m (12000 fi} and 8230 m (27000#) and
during rapid decompression from 2438 to 11582
m (8000 to 3B0O0O #t). Eng and Rasce ef af
studied the atmospheric effects al 6086 and 9144
m (20000 and 30000 1) on soll contact lens wear
and found no change in visual acuity, refraction,
keratomelry and lens placement. No gas bubbles
were found. Only mederale increase in scleral
Injections were seen at both altitudes.

Under elfects of hypoxia and rapid
decompression there is a possibility of subcontact
lens bubble formation and corneal cedema. The
quantity of gas that can remain dissolved in a
solution is directly proporional to its pariial
pressure and its solubility coefficient in a given
medium [(Henry's law). The small bubble nucle
that already exist in solulion can expand as the
pressure decreases (Boyle's law) and it trapped
by an impermeable or semipermeabla mambrana
may grow large enough lo be observed. Bubbie
nuclei may form in areas of negative hydrostatic
pressure such as those which may be produced
from the contact lens tear pump. The occurrence
of bubble formation and their duration is
predictably  related to the overall gas
Iransmissibilily of the contact lens. At sea level
lhe cxygen parial pressure of ambient air is about
185 mm Hg but this decreases rapidly with
increasing altitude. A contact lens placed between
the source and the cornea must possess sulficien!
oxygen transpor propedies 1o meel the critical
oxyagen pressure of 11 to 18 mm Hg at anterior
corneal level 1o prevent effects of hypoxia and
permit a normal state of comeal hydration.

Acceleration : Polishuk and Raz" of Israeli
Air Force and Nilsson and Rengstrofi'® of
Swedish Air Force reported that pilots with soft
lenses undergoing manoeuvres uplc +6 Gz
reported no subsequent complainis. On human
centrifuge, Forgie and Meek'' lested soft lenses
upto +6Gz and found small amounts of
decentration which they believed would not
interfere with vision, Flynn e al '* guoted an
unpublished data of Tredici and Welsh noting
significant lens decentration with hard lenses at
+6Gz. Brennan and Girvin® tested soff lenses al
+4 and +& Gz and found prolound fall in the visual
acuity in some subjecls at +4Gz (30%) and
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+6G2{B0%) and this fall was attributed to retinal
ischaemia leading to grey and black out, Lens
displacemant was found in 50% of eyes and the
maximum displacemant was 1.5 mm at +4 Gz ang
+1.75 mm al +6Gz, Fiynn et al'® reparted similar
reduction in visual acuily at +8 and +8Gz wilh solt
contacl lens wearers, emmatropic controls and
spectacle wearers. The polentlal for  lens
decentration and dislodgement during periods of
arcralt acceleration ganerating high gravitational
farces is high. When these forces act tangential to
the comea ie, along the z axis (Gz) the lens
decentration would ba maximum and may cause
deterioration of vision

Pressura Breathing : Brennan and Girvirn®
reported no significant effect on soll conlacl
lenses with pressure breathing at 30 and 70 mm
Hg tor 1 min

Vibration = Brennan and Girvin® reportad
thal the subjects wearing soft lanses showed the
expecied decrements in visual acuily at 6 and 8
Hz of vibration and found no signiticant diference
compared 10 corraclive flying spectacles.

Climatic Testing ' Brennan and Girvin®
repored no signilicant efiect on soft lenses during
exposure 1o heat at 50°C and cold at -26°C for 1
hour.

Advantages vs Disadvantages of Contact
Lens in Aviation

On the basis of the available data from
laboratory and field studies on the use of conlac
lenses  in aviationits  advaniages and
disadvantages have been reporied as follows® -

Advantages :

{al Ease of inlegration with devices like
pressure  helmet, helmet  mounted
displays, night  vision  goggles,
respirators and other oplical sights.

(B} Lenses do not mist or fog.

(¢} There is unimpeded lizld of vision as the
fanses move along with the movement
of eyes,

(d) They are indicated in certain ophthalimic
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conditions  such as  keraloconus,.

irregular astigmatism elc.
{e) Nosignilicant reflections are found,

() Bulk is neglgible and hence no problem
of weight

{g) They cannol be easily disledged or
broken.

Disadvantages :
{a) Intolerance by some individuals

(b} Foreign bodies under lens in dusly
environmeant would compromise lens
wear,

{¢) Maintenance of lens hygiene is difhcull
in  batlle field conditions and
prolessional eye care Is required lor
fitting and follow up

(d) Replacement of lens is dithcult in hekd
grnvirgnment

{e) Bubbles may lorm under the lens at high
altiluge

(fy  They do net protect the eyes fram Blunt
trauma or llying detiris.

{g) In chemical warfare they firsl act as
barriers but later acl as sponge 1o
pralong lhe effect of chemicals.

fhy They may give rise to serious ocular
pathology due o infections

Coneclusion

From lhe above review if is observed that
the advantages in the use of contacl lensas in
aviation outweigh its disadvantages. it 1s therelore
goncluded that (i) the contact lenses are
compatible with safe flving, {ii} sofl conlact lenses
are preferred to other types, (i) with head borne
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equipment only contact lenses are indicated and
{iv] selection of subjects depends on optical
indication and indwvidual telerance.
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