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SUMMARY PAGE

THE PROBLEM

Failure to meet required visual standards provides a significant source of
refections to naval aviation training and of disqualifications of designated
aviators for Service Group I. It is important to assure these standards represent
the visual abilities which are critical to mission performance, and to assure thei~
proper application throughout the aviator's service career. The purpose of this
report is to assess the visual characteristics of stratified samples (active duty
and retired) within the naval aviation community through the examination of health
records, to determine the distribution of those characteristics, and to identify
those characteristics that have been noted to change during the course of the naval
aviator's career,

FINDINGS

The following findings were based on a study of the records of 839 physical
examinations of 72 active duty and retired naval aviators. Distant visual acuity,
near visual acuity, and accommodative amplitude decreased with age., There was a
trend toward increased myopia during operational flving years. Against-the~rule
astigmatism increased with age. Throughout the naval aviator's career, fusion-
related variables remained stable and intraocular pressure was normal,
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INTRODUCT LON

Failure to meet required visual standards provides a significant source of
rejections of applicants to naval aviation training and disqualifications of desig-
nated naval aviators for Service Group T. Service Group [ aviators are considered
medically qualified for any type of flying. To eliminate questions of standards
and maximize human resources, it Ls important to assure that these standards repre-
sent the visual abilities which are critical to wission performance and to assure
their proper application throughout the service career of the aviator.

Adninistrative action has been based, in part, upon assumed changes in visual
capabilities as a function of chronological age., The age criteria *hich automati-
cally removed the 45 year old aviator from Service Group I were eluminated in 1980,
This action further emphasized the need to evaluate alternatives to chronological
age as a determinant for flying classification, develop alternative or improved
systems of monitoring examinations, and determine if improved predictive systems
can be formulated from these data (1).

There is a coonsiderable literature which documents the general decline of
visual perlormance with age. Many of the affected visual functions are considered
tr be important to naval aviation missions, The loss of accommedative amplitude
is perhaps the most apparent of these changes (2,3,4,5). Although this area of
decrement can be ameliorated by the use of spectacles, loss of accommodative ampli-
tude is the visual decrement most frequently cited in defense of reclassification
at age 45, Visual acuity, the ability to resolve detail, also declines with age
(6) and can be corrected. Other types of decrements in visual performance are not
as easily remedied.

Although many types of visual performance are known to decline with age, therc
are large individual differences in decrement with age groups, and differences in
rates at which decrements occur, The degree to which the effects of these changes
upon performance may be compensated by experience is unknown, [t is important,
therefore, to base the selection or reclassification of individuals upon theivr own
performance capabilities,

Difficulties exist in exirapolating findings obtained with the general popula-
tion of subjects to military pilovs, These are due in part to differences in
health care, nutrition, and wmotivation.

The purpose of this report is to 1) aussess the visual chavacteristics of
stratified samples within the naval aviation community (active duty and retired)
through the examination of health records, 2) determine the distribution of those
characteristics, and 3) ideuntify those visual characteristics that have been noted
to change during the course of the naval aviator's carcer,

Future efforts will be directed toward determining the predictability of
depredatioa in these ablilities and individual ditferences among naval aviation
personnel .

PROCEDURE

Bight-hundrved thirty-nine physical examinations ol 72 active duty and retired
naval aviators were randomly selected from the Naval Acrospace Medical Institute's
extensive medical record library. They were reviewed to determine the distribution
of visual characteristics throughout the service career of naval aviators, Specifi-
cally, the data were derived from the Standard Yorm 88 (SIF88), Report of Medical
Examination, and werce as follows:

Ape -Age in vears to the ncarest birthday at time
of the physical examination.
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Distant Vicion

Right Eye (OD)
Left Eye (0S)
f . Refraction

Sphere - 0D, 0S8
Cylinder - 0D, 0OS
Axis - OD, OS

A . Corrected Distant
‘ Vision-0OD, 0S

. Near Vision - OD, OS

. Add - 0D, 0§

. Corrected Near Vision -
oD, VS

. Accommodation-0D, 0OS

. Heterophoria

Esophoria

Exophoria

. Prism Divergence

Near Point of
Convergence (PC)

—Acuity - resolving power of the eye at 20
feet. Tested using the Armed Forces Vision
Tester (ALVT) or Snellen Eye Chart and ex-
pressed solely by the Snellen fraction denomi-
nator,

~Lens power expressed in diopters needed to
corvect refractive error.

~-Lens power expressed in diopters needed to
correct astigmatdism,

~Identifies cylindrical power location within
the lens.

-Distant visual acuity measured with optical
correction and expressed as Snellen fraction
denominator.

-Acuity - resolving power of the eye at 16
inches (or 40cms), Tested using the Armed
Forces Vision Tester or Snellen near-point
cards and expressed as Snellen fraction denomi-
nator,

-Spectacle bifocal power,

-Aculty-resolving power of the eye at necar
measurad with optical correction and expressed
as Snellen fraction denominator.

-The ability of the eye to increase its
refractive power through the action of the
ciliary muscle upon the lens, making it
asusume a more spherical shape,

-A deviation which occurs when fusion is inter-
rupted. Measured by the AFVT, Maddox Rod, or
Cover Test and recotded in prism diopters.

-The eye under occlusion turns in.
-The eye under occlusion turns out.

—-Amount the eyes are able to diverge against
the pull of a base-in prism and still main-
tain fusion., Tested at near (13") and far
(20") using Risley Prisws and expressed in
prism diopters.

—Closest point at which the eyes can maintain
binocular fixation. The distance is measured
using a meter stick or Prince Rule and target
light or pin with Zmm white head and is ex-
nressed in millimeters from spectacle plane
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where the subject sees double or omne eye
deviates outward.

Intraocular ~Intraocular pressure measured with Schiotz
Tension - OD, O0S or Applanation or NCT tonometer and expressed
in millimeters of mercury.

All aviation personnel must pass the test for stereopsis and color vision;
therefore, these tests, which are recorded in terms of pass/fail, were nol zon-
sidered. Visual field data were not included, since testing is not required
routinely and all recorded data were normal.

The ages at the time of the physical examination of the 72 randomly selected
subjects ranged from 17 years to 62 years, The data included pre-flight, annual
flight, and retirement physicals. The number of examinations per subject ranged
from 5 to 30 with an average of 12, The total number of examinations was 83%., The
career length of time from the initial data entry in the medical rocord to the last
entry ranged from Y years to 37 years with an average of 23 years, The earliest
physical was given in 1941 and the latest was given in 1982,

The medical examinations were sorted by age and evaluated by means of cvuss-—
sectional analysis., Descriptive anailyses (means, standard deviations) were con-
ducted on each age for the variables listed above,

RESULTS AND DISCUSSION

Distant Visual Acuilty

Entrance standards for naval aviation require 20/20 vision; therefore, none of
the examinations for the early ages shows acuity worse than 20/20., 1If the acuity
is better than 20/20, procedural specifications do not require a notation of how
much better; therefore, the data do not give an indication of the numbers of people
with better than 20/20 vision. After designation as a naval aviator, the minimum
distant visual acuity is 20/50 (correctable to 20/20 both eyes) to remain in
Service Group L. Service Group I aviators may fly all types of aircraft and land
on carriers. Service Group Il aviators may fly all types of aircraft but are re-
stricted from carrier landings., They must have a minimum uncorrected acuity of
20/100, Service Group III aviators must fly accompanied by Service Group I avia-
tors and have a minimum acuity of 20/200, (uncorrected), correctable to 20/20,

Table I presents the distant visual acuity data by age for the 72 naval
aviators. The means and standard deviations of the Snellen fraction denominator
with a given numerator of 20 are given for the right and left eye with and without
correction. The data show a mild decrease in visual acuity with age. Most clini-
cal observers note an initial decline at age 40 and a gradual loss from that age
onward (7). The number of records examined for the older individuals was small;
therefore, the data shoculd be interpreted cautiously. TFor all ages acuity was
correctable to 20/20 or better. Comparative analyses of distant visual acuity for

the right eye and left eye wer: not performed; however, there do not appear to be
large differences,

Refractive Error

‘able 11 presents the means and standard deviations of refractive error by ape.
The majority of medical records did not indicate whether the examinations were
cycloplegic or manifiest or subjective or objective. The data indicate a mild
increase in myopia at key operational years. With age, there is a trend toward
against-the-rule astigmatism (8), and these data reflect that trend.

e 1.____

DFIPECIN “ R N 1 - Vvl Gl N i

et e
Y . . s o ey e S e

R} | N LI

PPN NS R




o

TR A

Curvvent refrvactive standavds for student naval aviators are--Total (cycioplegic):
2,5D hypevopia, -.25D myopia, 0.75 astigmatism and for Service Group I--Total
(manifest): -1.250, Since the trend is toward increasing myopia with age, the
entrant with -.25D refractive error may thecorctically develop a need for as wmuch
as a 2.00D0 correction for myopia by the cend of his career, 1f the standard were
wodified and the zone restricted to hyperupia, 1L is possible that the attrition
from induced myopia could be reduced with resultant increase in duration in Service
Group L status in an aviator's caveer.

Near Visual Acuity

Due to presbyopia, reduced near visual acuity occurs between the ages of 38
and 42 and decrcases from that age at a fairly standord rate (9). Near visual
aculty data for aviation personnel are presented in Table 11L. These data show
the decrease in near visual aculty parallelling decreasing accommodative amplitude,
In general, the bifocal adds are comparable or somewhat lower than the standard
adds for their given age category. Vision standards for aviation personnel require
20/20 unaided at entrance., Near vision standards for the threec Service Groups must
be at least 20/200 corrected to 20/20. Unaided and aided near visual acuity data
ave presented in the table.

Acvcomnodat fon

Table IV presents "accommodation™ by ape as measured by the Prince Rule.
"Accommodation” Is written in quontes since the Prince Rule does not actually mea-
sure accomrodation, but measures accommodation plus or minus refractive error (10),
Curvently there are no standards for accoumodatficn. Vormerly, applicants for flight
training were requlred to be within 3 diopters of the standards for thelr age. Avi-
ators were requived to have a minimum of 2.5 diopters of accommodation or be
corvected to the amount. Qualifying results are acceptable [rom tests of near
vision and the Prince Rule measuvrements are not currently required. The data of
the naval aviation personnel reflect aping changes not atypical of the general popu-
Tatton, Figure 1 graphically depicts accommodative powers for various ages for the
Prince Rule normative population, for the standard lofstetter formula (18.5 -.3age)
(11), and for the vipht eye and left eye of the sample of the naval aviators.

Fusion-Related Variables

The current wmotitity standard for naval avintors requires that there be no
diplopila (double vision), no more than 10 prism dlopters of esophoria/exophoria,
and 100mm or less veav-pofut convergence, 'The motility standards Formerly included
the requivement tlt the prism divergence for distance measurement equal or exceed
the esopheria measurement and that candidates Tor aviation have at Jeast 12 prism
diopters of divergence for near.

Table V presents the dota for the phorias, esophoria and exophoriay and the
vergences, prism diverpence at far and near, and nearpoint convergence. The data
show the naval aviators in this sample were well wituin the prevaillng standards
and thelr wotility remained intact throughout their service careers.
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Intraocular Pressure

Currently there are over one thousand pilots over the age of 40 in naval
aviation (12). Since the typical occurence of glaucoma in populations over 40
years old is found to be at least 2 percent (13), the disease could be a potential
aeromedical problem. A study of the 1970 incidence of glaucoma in Air VForce pilots
and navigators reported glaucema or pre-glaucoma symptoms in less than one percent
of the men 40 to 54 years old (l4).

Intraocular pressure data for this study of 72 naval aviators are presented in
Table VI. These data reflect normal measures throughout their service careers,
These findings are exceptional and could be due to the routine health care and
likelihood of early symptowms being detected and treated,

CONCLUSIONS AND RECOUMMENDATIONS

This report presents normative data of visual characteristics of a sample of
active duty and retired naval aviatore, The data were collected from health records
spanning the aviator's career——entrance physicals, annual flight physicals, and
retirement physicals,

In summary, the findings are as follows:

. Distant visual acuity, near visual ac:ity, and accommodative amplitude
decreased with apge as expected.

. There was a trend toward increased myopila during operational flying years,
. Against-the-rule astigmatism increased with age as expected.

. Fusion-related variables remained stable throughout the naval aviator's
carcer,

. Intraocular pressure was never clinically significant.

It is recommended that future research emphasize prediction capability, evalu-
ation of standards, and development of training methodology. From identification
of visual factors which change during the course of an aviator's career, efforts
should be made to determine whether degredation can be predicted. The health
record data should be examined for individual variability t> determine rates of
change of visual characteristics and individual differences as a function of age.
Future studies should focus on an in-depth evaluation of current vision standards
in relation to performance-based criteria. Adjustments in visual standards and
the resulting impact of the standards in selection and retention chould be deter-
mined. Developwment of training methodology is important to maintain and improve
visual skills and assess the role of experience in :ompensating for visual degreda-
tion.

A wealth of data exiscs in the library of health records of naval aviators.
Unfortunately, the data are not computerized. A computerized data bank of medical
information among the naval aviation populations would be highly beneficial to the
Navy. This aviation biomedical data bank would be of immeasurable value inj; (1)
validating current and future biomedical selection and retention standards; (2)
serving as a data base for making medical dispositions in aviation personnel; (3)
assist in developing a coherent waiver and medical review process: and (4) ensuring
accurate record quality assurance and followups, just to name a few essential
furcirions.
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TABLE |

MEANS AND STANDARD DEVIATIONS OF SNELLEN FRACTION DENOMINATORS FOR DISTANT
FOR RIGHT EYE AND LEFT EYE WITH AND WITHOUT CORRECTION BY

RIGHT EYE WITHOUT CORRECTION|! LEFT EYE WITHOUT CORRECTION quHTEYEVWTHCORRé

AGE ‘

MEAN S.D. N MEAN S.D. N MEAN S.D. :
1%, 00 2,00 .00 o D0, 00 0,00 @ n.uu 0,00
1 {-R L0 ’7(1 Qs oong £ BRI s & (YRL .00
19,00 L Doag 9 10,89 L 9 :wu 00 0,00
5;.’0 , 0 par, e 24 & F LRI g LA i 18, an 1,400
29,00 1609 2,08 {9 IR 1,95 {0 2,00 0,00
;’2’ , N TR, & [ R 149,44 1,40 i o, 0o ft.04
23,00 19, 82 0,94 0 20,18 0,99 T 20,00 0,00
24, 0 RRIaY, B, on a0 S0, 00 B R X 50,00 0,00
25,00 19,89 D4 18 {18, RY D14 18 1%, 00 0,00
fh .00 16, A 7, R K 14,47 BP0 K h. a0 0,00
2700 1O, R 1,99 o 19,57 X, 34 Py 0,00 0,00
RE, 0N L&, P j LR 14 P, 26 i, an 1 4 0, a0 h, 00
2000 20,00 4,08 10 19.qn A, AR 10 19,59 A, 54
50, 00 2,00 0,00 X D0, 1,19 A H, 00 0,00
31,00 B, 9 &% 3 mo.am DR 3] .00 0. 00
30, 00 0,00 I B3 KT B0 HA A 3,54
$3, () 20, b1 4, 41 ek 19, 1)) 1,76 ek 20,00 n.oa
24, 01) MO, RA 4,93 ] R a0, 00 [ 76 a0, 00 i.n0
5 0() 19,58 ], 4 DA 19,769 1,79 24 20,00 0,00
B, 00 20,19 I A DR } Y, A b v 0,00 N, 0f
X7, 00 w74 A, 00 sy A, Ry DR v E )
0o 19,60 I, a8 L 16,80 U, 26 A B0, 00 i,
39, 00 Mo 3 10,14 ne Do, by XA, 1A o3t 20,00 0.00
40, 0D 21,40 AL, e ®0 S0, 63 3 (fil 8, 250
41,00 2y, (0% X010 e W) R 2,70 P 15,00 V3
42,010 DL 0Y b, P 05 A A 50, by KA Py, 0N 0,0
A%, 00 23,18 14,08 33 Doy, 2 21,28 3% 18,57 2,44
44, 0 B 4 )63, R R B8 AR B0, 1 19, i 1,44
4% .00 DE 47 11.10 48 DR b D A AR 19,74 1,018
LY DY) 4 T R KIS R RCTE A 19, g 1,44
47,00 30,86 SRR x5 29,14 D0, 7A 3l 19, he 1,49
48,00 K700 S an A A7, 00 20, {17 oy 19, 0,83
49,014 35, 60 Doy, X5 e 39,00 29, 20 il 20,00 0.00
G0.00 471 %0 Al .04 S50 X6, 60 Anbx 4 1944 1. &%
51,00 X1, Ak 24,7 13 34,00 04,599 13 20,00 0,00
B 00 34 ,1% B4, 01 18 B a9, 94 IS A, 00 Boob
55,00 Be L 50 PH | 0E 11 X5, 00 Qe 0 10 18, 7% !
54,00 55, 00 o) 5 Xao0n ay, X ¥ 20,00 W, 00
B5 L 00 ah, 00 0,00 A 3Rt | 500 A 90,00 H,00
6, 00 B0, 00 gL 00 3 a0, 00 gL00 X A, 00 H.,00
57,00 20,00 0,00 o wa.-u 2,54 a B0, 00 0.00
e, on S0,00 0,00 i a0, 00 0,00 i 1,00 N, 0o
59,00 20,00 0,00 1 70,00 u.00 i 20,00 0.00
60,00 50,00 0,00 1 0. 00 . 00 1 A, 00 A, 00
61 .00 50,00 0,00 1 Q.00 0.00 | 150, 60 0.00
Lo, 0N B0 0,00 J JO6 . 00 0,00 1 A, 00 h.na




FRACTION DENOMINATORS FOR DISTANT VISION TESTED AT 20 FEET
"EYE WITH AND WITHOUT CORRECTION BY AGE
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TABLE I
MEANS AND STANDARD DEVIATIONS OF REFRACTIVE ERROR BY AGE

EF LEFTEYE '
L Axis Sphere Cylinder
. (Degrees) (Diopt:rs) (Diopters)
; N MEAN S.D. N MEAN S.D. N MEAN 8.D. :
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MEANS AND STANDARD DEVL

AGE FOR R

WITHOUT CORRECTION
AGE RIGHT EYE LEFT EYE
MEAN N MEAN S.D. MEAN
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}_?MEANS AND STANDARD DEVIATIONS OF SNELLEN FRACTION DENOMINATORS FOR NEAR VISUAL ACUITY BY

AGE FOR RIGHT EYE AND LEFT EYE WITH AND WITHOUT CORRECTION
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FOR NEAR VISUAL ACUITY BY
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RRECTION
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MEANS AND STANDARD DEVIATIONS OF FUSIC
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