Clinical Acrospace Medicine

Contact Lens Wear During +Gz Acceleration
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The use of contact fens in aviation has long been a
subject of controversy. Of greal concefn in military
aviation (s the potential dunger of the contsct lens
deconieation and displocoment with decompensation of
visusl scuity during periods ol ascceleration wich
generite gh gravitationel forces mainly tangential 1o the
cornea such as sfong the Z-axis (+Gz). The effects of
posithve scceleration on the three types of contact lenses
hard, gos permeable snd soft, wers lested on 15
smotrople  subjects In 8 human cenlrifuge. These
subjects were subjected 1o repested accoleration runs on
the contiffuge upto the greyout level. The visual aculty
before and during eentrifuge rums was tested on 8
reduced Snellen’s chert at 1m, Video monilodng and
reconding ol the contact lens position during the run was
dane. In this study, the hard lens showed maximum
displacemant, with & greater loas ol visuasl peuity, the soff
lans showed minimal displacement with minimal loss of
visgupl aculty and ges permeable lens showed
Intermadiate responsd.
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Cormcth.re flying spectacles have been the
accepted method of correcling refractive errors in
aircrew. However, the advenl of newer types ol
comfortable comtacl lenses has brought in an
entirely new concept in correction of refractive
errors in aviation. It Is true thal any spectacie, no
matter how well it is designed, may cause visual
problems in flight and is found to be incompatible
with pressure helmet, new generation NEC
warlare supporl gear, night vision goggles. eye
protective devices and helmet mounted sights.

As the contact lens is worn directly on the
comea, it gives an unimpaded field ol view, does
not mist, and offers ease of integration with
pressure helmetl and other optical devices. The
intreduction of contact lens into aviation may allow
ametropic aircrew to fly all lypes of aircraft wilh
different types of head borne equipment. The
behaviour of contacl lens under various aviation
slresses is under sludy. One of the aviation
eiresses, common with the high performance

aircrafl is positive aoeelernﬂuﬂ'. On exposure 10
accelerations during flying, there exists a polential
danger of contact lens decentration and
dislodgement, compromising visual accuity. This
problem Is of special concern when increased
gravitational forces are tangential to the comea
such as +Gz.

In this sludy, the effect of posilive
acceleration on hard, rigid gas permeable (RGP)
and soft lenses was tesled on a lotal of 15
ametropic subjects in the human centriluge.

Material and Methods

A total of 15 amelropic, volunteer subjects
trom whom informed consent had been oblained,
panicipated in the study. Al the subjects ware
highly motivated, free of ocular pathology and had
olher ocular parameters within normal limits.

A self illuminating, Snellen's charl was
{abricated for reading at 1m, and lhis was
mounted on the tromt panel of the human
centrifuge gondaola at head level.

Ot of the 15 subjects, 10 were given soft
contact lenses (with water contenl of 38% in 5,
50% in 3 and 78% in 2) and 5 were given high DK
rigid gas permeable lenses (RGP). Five subjecls,
two of the soft lens group and three of the RGP
lens group, were also tested wilh hard contact
lens.

These contact lenses were fitted with
accepted methods and 4 weeks of successiul
contact lens wear was mandatory betore
centrifuge testing. Visual acuily measurements,
before, during and afler the centrifuge run wers
done Displacement of the contact lens was also
looked for during the run over the closed circuit
TV.
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+Gz tolerance of subjects wearing anti G
suil was determined using (he microprocessor
controller. Al an onsel rate of 0.5 Gisec and
deceleration rate ot 0.1G/sec, the +Gz tolerance
of the subjects with anti-G sult was determined

T'o determine the decrement in visual acuily
and displacement of contacl lens dunng +Gz
acceleralion, a ‘step ladder +Gz prolile was sel
up on the microprocessor controller, uplo the
lolerance limit of the individual with a 10 sec
plaleau al 4G and 5G or PLL limit, whichever
occurred earlier. During the plateau phase, the
subject was asked 1o read the reduced Snellen's
charl at 1 m distance and monilored on the closed
circuil TV and intercom. Each eye was tesled
separately by covening the other eye with a pad.
The displacement of contact lens was graded as
lollows -

+ mild displacement (less than 2rmm)
= . moderate displacement (2-5mm)
. . Severe displacement (5-8 mm)
++++ ©  Major displacement, outside the

cormeal margm (8 mm)

A delailed examinalion of the eye including
slit lamp examination, was also carried oul belore
and after the run o evaluate :

(a) Position and mobility of contact lens
{b) Evidence of circum corneal congestion
{c) Visual acuity decrement.

Hesults

The uncomecied wisual acuidy of the
subjects ranged from 4/60 fo &5 and corrected
visual acuity in all the cases was &6 in cach cye.
The diopteric power of the contact lenses ranged
from -0.50 to -4.75D. One of the RGP lens wearer
required correction only in right eye (subiject 14).

Table | shows the changes in visual acuity
al +4 and +5 Gz. Majority of the eyes fitted with
soft lenses did nol show any decremeni Visual
decrement of 6/3 only was seen in 15% of eyes at
+4Gr and 65% ol eyes as +5Gz. In cases litled
with RGP lenses visual decremen of &8 was
seen in all eyes except one eye which showed
upto 6/12 atl +4Gz. At +5Gz, vision deteriorated 1o
6/12 excepl except in lwo eyes which showed &/9

In case fitted with hard lenses, visual decrement
of 842 in 40% of eyes and 5% in 60% of eyes was
seen al +4Gz. At +5Gz, 60% ol eyes showed
decrement of e and 40% showed G492 The soft
lens {(all three types) showed the munimum
decremant and hard lenses the maximum
decrement where as RPG ienses showed an
intermediary response.

Displacement ol lens could not be
observed in 30% ol eyes at +5 Gz due to
drooping ol upper eye lid, consequent to +Gz
forces. Majority of solt lenses did show any
discernible displacemeant. Mild displacement was
noticed in one eye (5%) at 4 Gz and in § eyes
(40%) al +5 Gz. The RPG lenses showead mild
displacement in 7 eyes (78%) al +4 Gz Al 15 Gz,
3 eyes (33%) showed mild displacement and 6
eyes (679%) moderate displacement, On the other

Tabie I Deterloration in vision and the
displacemen! of lens {mm) on exposure (o +4Gz
and lo +5Gz whan subjects wore different types of
lenses. The specific degree of deterioration Is

mentioned in the lexL
Typesal Mo of Eyes Vision detenoration Lens displacamant
Liwes st ﬁ_ﬁﬁc al 56z  ml+Gz  al+5Gr
Sl 38% 13 3 7 | 6
Solt 50% 1 3 a 2
Solt 18% e ] 3 a H
RGP | 2] T g
Hard 13 10 10 10 10

hand, hard lansas showed mild displacement In 8
eyes (B0%) and moderate displacement in 2 oyes
(20%) at 4 Gz and all eyes (100%) showed
moderate displacement at +5Gz: The soft lenses
(all three types} showed no or minimum
displacement, and hard lenses showead maximum
displacement whereas the RPG lenses showed
the intermediary response.

Discussion

The fitting characteristics of soft, RGP and
hard lenses are distinctly difterent*. Hard lenses
are fitted within the comeal diameter with a
spherical base curve thal approximates the
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cenlral comeal curvature | ens centralion is
achieved by tear fluid forces, fallemng of
peripheral comea and by superior eyelid holding
the lens in place. The RGP lenses have lhe
additional property ot gas permeability (hwough the
lene and offer lower specilic gravity®. Solt contact
lens, on the olher hand, contain a large
percenlage of water, are flexible and larger than
he carnzal diameter. The lenses also cover the
peripheral comea and limbus and rest on comeal
apex and sclera. Since the sclera 18 considerably
flat, soft lenses centre well and move very little™

In the present study, compared to the solt
lenges, the hard and RGP lenses showed grealer
displacement in majority under the effects ol +G2
acceleralion. This can be allrbuted 1o the
dilference in fitting characteristics and properties
ol lenses. The hard and RGP lenses being
smaller in diameler than comea, even mild 10
modorate  displacements  have compromised
visual acuily. The sofl lenses being larger in
digmeter  wilh  more pplical Zone, mikd
displacements have nol caused any consideratile
decrement in visual acuity. The behaviour of hard
lenses showing more delerioration in visual acuity
consequent to displacements than BGP lenses
can be explained by the propety of gas
permeability which has some restriclion on the
mohility of the lens. The minar decrements in
vision without displacement of the lens can be
attributed to the compromise in the blood supply
in the retina related to the effects of positive
acceleration which may finally result in greyout
and blackout.

Conclusion

It is concluded that soft contact lenses are
mosl suitable for aircrew flying high performance
aircrafl since these are least displaced and cause
nil or minimal decrease in visual acuity during
positive accelerations. However, aircrew fitted
wilh the hard and RGP lenses, il given due 1o any
oplical indication, are suited 1o lly only transpor
and helicopler aircraft.
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