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A REVIEW OF OPHTHALMIC EXAMINATIONS CARRIED OUT AT
AIR FORCE CENTRAL MEDICAL ESTABLISHMENT

ny

Wa, Cor. T. G, JONES, M. C.

Adviser itn Ophthalmology, Air Farce Schaal af Aviation Medicine

1. AN ANALYSIS OF THE OCULAR MUSCLE BALANCE TESTS

Intreduction

In this paper the routine ocular muscle balance tests, as carried out at A. F.
Central Medical Establishment from June 1936 to July 1959, are reviewed and analysed
against the backpround of the etiology of heterophoria end the requirements for flying.
The serics covers 519 candidates for service and civil aircrew duties and 206 serving

military and civil pilots.

The actiological basis of heterophoria 7

The ideal situation is a perfectly balanced equilibrium or orthophoria, wherein
the cyes are maintained on the fixation point without stress, and without the aid of the
corrective fusion reflexes, and when dissociated occupy the same position. This is an
unrcalized ideal. Heterophoria, or the condition. wherein the eyes are maintained on
the fixation point only under stress and with the aid of the fusion reflexes, reverting to a
different position when dissociated — indicating a latent imbalance, is therefore a
normal condition. The iendency of the cyes to deviate off the fixation axis is counter-
acted and masked by the desire for fusion. If this fusion faculty is rendered ineffective
partially or totally, an intermittent or permanent manifest squint supervenes. The
difference between latent and manifest imbalances is therefore qualitative, depending
partly on the degree of dissociation, but essentially on the individual's ability to
compensate by his desire for fusion. The factors, which determine the dircction and the
depree of the deviation, have been classificd as follows - —

{n) Siatic factors :—The topographical relationship between the eyeballs and
their adnexa. Since perfecl symmetry rarely exists between the muszcles,
the fascia, the lipaments and the intraorbital tissues, the ground is usually
set for heterophoria. Asymmetry of the orbits, proplosis, enophihalmus,
eccentricity of the foveae, abnormal angle gamma, wide or narrow inter-
pupillary distances are all determining factors.
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(b) Kinetic factors :(—The accommodation — convergence synkinesis is upset
by refractive anomalies. In the interests of clear vision, the fusion roeflex
overwhelms the accommodation — convergence reflex and the latter being
very elastic, readily accepts the strain,

(i) The uncorrected hypermetrope uses accommodation in excess to obtain
clear vision — resulting in esophorin. If the refractive error is small
and is outgrown, the csophoria disappears.

(i)  If the hypermetropic crror is very large, so that eéven with maximum
accommaodation, there is no commensurate improvement, the challenge is
not aceepted, and the eyes tend to diverge with resultant exophoria.

{(iiiy The emmetrope engaged in excessive near work and therefore constantly
accommaodating tends towirds esophoria.

(iv)  The early preshyope whose accommadation is put to strain also tends to
he esophoric.

{v) In uncorrected acquired myopie, where the accommodation is not required
and convergence is not stimulated, the tendency is towards exophoria
Later in life, as the near point recedes and converpence is stil] less required,
this divergence increnses.

(vi) In congenital myopia, where there is clear near vision without any effort
of accommedation and the distant vision remains permanently blurred,
csophoria exists.

{vii) In moderately high degrees of astigmatism, where there is no clear vision
both for near and distance the condition tends to be exophoria,

{viii) In anisometropiz, il the dominant cye is hypermetropic. esophoria is the
rule; il the dominant eve is myopic then exophoria predomingtes.

{c) MNeurogenic fucturs i— giving risz to an unsqual distribution of power in the
neuromuscilar synergy. -

The etiology 15 rarely simple. since both static and kinetic factors frequently
operate together.

Ocular Muoscle Balance and Flying

The present day concept places less importance to oocular muscle bualance in
relation 1o flying ability. Experience in World War [ showed that whilst good vision
was of prime importance in lcarning to fly, there was little correlation between
heterophoria and success in flyings.  What is of more importance is not the degree of
heterophoria, but the liability to break-down under stresses of anxiety, fatipug, aleohel,
hypoxia etc. therchy converting a latent into a manifest imbalance with its associated
symptom complex, which is incompatible with flying.
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OPHTHALMIC EXAMINATIONS 13

Our present standards restict heterophoria, as determined by he Maddox rod
test at 6 m, to 6.0 p. d. of eso and exophoria, and at 30 cus, to 16.0 p. d, of exophoria
and 6.0 p. d. of csophoria; hyperphoria is limited to 1.0 p. d. at ejther distance. It iy
presumed that beyond these limits, there is a greater liability for a breakdown to occur.
It may, however, be justifiahly be argued that cases beyond these limits must posscss a
very good fusion sense 1o have maintained binocularity under such great stress and,
therefore, are less liable to breakdown,

According to Neelyd, there are very few instances in which heterophoria alone
wis known to have caused visual difficulties in flying, there has usually been evidence of
anxiety in a temperamentally unsuitable individual, in addition to o muscle imbalange
of u relutively low degree.

In judging depth, a pilot relies more on monocular cucs;? the fine stereoscopic
sense employed for near visual tasks is not required. Tests for stercoscopic vision, such
as the Howard Dolman, the Verhoefl machine, and the Livingston depth perception
apparatus have shown no correlation with the ability to fly 4.

It is therefore evident, that in the evaluation of ocular muscle balance for flying,
it is of prime importance 1o evaluate the fusion sense and to give more consideration to
tests that evaluate the fusion sense than to those that merely measure the degree of

heterophoria present,

The Ocular Muscle Balance Tests:

The oecular muscle balance tests in routine use at A. F. C. M. E. for both

military and civil pilots are the llowing,

(a) The Maddox Rod Test performed at both 6m und 30 cms in a partially
darkened room, with the rod placedias a routine beforc the right eye.  The
rod dissociates the eves by disturbing the image presented to the eye behind
it; the partially darkened background aids in eliminating fusion — and the
depree of dissociation can be accurately measured by means of correcting
prisms.

(b) The Bishop Harman Diaphragm Test — This is a pear distance test. it
estimates the capacily for binocular fusion, but cannot of itself measure the
depree of heterophoriz. A card exhibiting a row of letrers or figures 1 to 7
is vicwed through on adjustable diaphragm, so arranged that when fully
open, all the figures are seen by hoth cyes; As the diaphragm is closed, ata
steady cven pace, the arca of binocular overlap is reduced till nothing is
commaon, thus stressing the fusion sense.  The breakdown point is indicated
by one of the following responses i —

(iy A separation of the two halves with a “bar” in between, indicating

exophoria.

(i) A “crowding” together of the two halves indicating ¢sophoria.

(11} A vertical break, one hall poing up, and the other down, indicating
hyperphoria.
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{iv) A suppression of one or other half — signifying uniocularity,

(e} The Binocular Gauge Test which determines two aspects of convergence
(i) Objective convergence (C) as indicated by the observed cessation of
convergence in anc or both eyes and (i) Subiective convergence (5S¢ or the
limit of binocularity as indicated by the apparent shift of the fixated ihject
in the direction of the dominant cye, whilst the other eve suppresses, both
cyes still appearing to converge. When the two readings SC and C approxi-
mute & strong fusion sense is said to be indicated (RAF AP 130)." In thig
paper, the difference between the two is referred 1o as the 8C C difference,

(d) The Cover Test — This is performed with the fixation point at 6m and at
30 ems.  The extent and direction of the latent deviation and its rate of
recovery is noted on uncovering, and completencss of recovery is checked on
covering the other eye Uniocularity is indicated by incomplete or no
recovery.

RESULTS

The Incidence of the Lateral Phorias

The incidence of the lateral phorias as determined by the Maddox rod testtq
both far and near distances is shown in Fig. 1.

35
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OPHTHALMIC EXAMINATIONS 35

The curve of the laternl phorias at 6 metres shows an approximately normal distribu-
tion peaked between esophoria 1.0 p. d. and exophoria 1.0 p. d. 87.5% falling
betwesn esophoria 2.0 p.d. and exphoria 2.0 p.d. The percentage fulling out of the
standard limits of 6.0 p.d. es0- and exo-is 2.3%. The curve of the latersl pliorias at
M cme shows an uneven distribution, but 84,27 fall between 1.0 p.d. and 10 p.d. of
exophoria, indicating # shift towards exophoria at this distance. The reason for this
shift towards exophoria is that convergence has to be brought into play at this test
distance of 30 ¢ms and any deficit of convergence is manifested as an exophoria,
This explains the very great [requency of bar responses on the Bishop Harman
diaphragm test, which is # near distance test, and latent divergence on the near cover
test, often associated with esophoric responses at distance., The percentage outside
standard limits for near distance, 6.0 p.d. esophoria and 16.0 p.d, exophoria, is 3,24,

Refraction and the Lateral Phorias

The association between refraction and the lateral phorias is shown in Tables |
and 1I. The range of refraction in the cases under review is from — 4.0 D to + 5.0 D,
Table I shows the relation between refraction and exophoria expressed in percentage
values.

TABLE : 1

Corrclation Table showing the association betwesn
Relraction and Exopharia value at 6 m
(figs. in pereentage for 233 Cascs)

Exophoria at 6 m in p.d.
' T R URU Y T O 2
ﬂ.5| 101 L5 20|25/30/3514045 E.D:S.E‘ﬁ.ﬂ Above: Total
' | | 6,0

o 440 | 04 Ik | [ | o4
= +3.0 0.4 | . | | 04 | 0.8
= +20 | 30! 04 0904 04 04 Lol 55
& +10 3181240 69147 1.7 34 09 04] [ 1= 2.6 | 764
= 0 39, 26, 09|17 ([ 9.1
IS ) 22| 22| 09!1.7 I 0.4 7.4
T =20 —
B 3.0 0.4 0.4
Total |41.3/29.2(104/85 1.7(38 13|04 —|— — |04 3.0 |1ud.-::u

The correlation ceefficient was found to be negligible, as also can be observed by the
ahsence of a lincar scatter. 1t can be seen that the hypermetropic refractionsare spread
out while the majority of myopic refractions (1.0 D) are grouped round smaller
exopheric values.
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Tuble 11 shows the association between refraction and esaphorio at 6 m.

TABLE: I

Correlation Table shawing the association hetween
Refraction and Fsophoria value at'6 m.
(figs. in perecntage for 256 cases)

Esophoria at 6 m in p.d.

|

| | I i |
0.5 10 1.5 2.0 251320 3.5 20 : .51 500 5560 I!Ahwﬂl Tolal
' . | 6.0
+5.0 | 04| 04 ; bl | | 0.8
;o +4.0 ! ! |
A 430 . 0.8 | I 0.8
2 420 | 271 46 201 0.8 | (0.4 0.5 | 04 117
€ +10 12385121 97'39)|1.2|20 04 0.4 | 0.8 |73.0
= 0 27| 20 1.5/0.8 0.8]0.4 | ol B.2
a —10 Ios 1.2 0.4,1.2 0.4 | |47
"fu" "-2.” | | | |
B -3 . |04 | 04
—4.0) I 0.4 [ ! .4
Total 354 /331)14.8|55/32140|1.2] — | — | 0.4 | — r.2| Q5 | 100.0

There is again no lincar scatter 2nd the corrclation coefficient was found to be negligible,
The only notable featurs is that bigher esophoric values are predominant in the
hypermetropic refractions. The readings in the last columns of the tubles give the
percentage disiribotion of the latersz) phorias for the range of refractions. from 1.0
t0 +-50D). Thereisa high correlation between exophoria and esophoria ot each
level.  This is mainly due to the la rge incidence in almost equal proportions of hoth
esophoria (81.2%) and exophoria (85.5%) in the range of refraction 0 to +1.0 D, A
tendency towards esophoria is revealed in the hypermetropic range of - 2.0 to + 5.0 D;
this is expected as this is the range of superable hypermetropia, where an excess of
accommaodation has to be exerted, boosting up convergence with resultant esophoria,

An inference in cases of myepic refraction ranging {rom -2.0 to -4.0 I is not possible as

there are & negligible number of cases in these refraction levels. However, of the 1.0 D

refraction cases, 4.7% were distributed in esophoria against 7.4% in exophoria, revealing

A tendency towards exophoria at this level. Fig. 2 illustrates the above findings.

: L
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Distribution of the lateral phorias at each of the refraction levels.

Inter-Pupillary Distance and Lateral Phorias
The invidence of the intér-pupillary distance in the population under teview and
their relationship with the lateral phorias at 6 metres is shown in Fig-3.

A EsopHoriA
[ exorsoria

Mo, OF CASES

h I %@%%m

58 59 60 61 6Z 65 B84 B5 ©66 ©7 68 63 70
Iwrer PuriciARY DISTANCE 1N tnms.

By vic/
Histogram showing the distribution of inter-pupillary distances
in relation to lateral phorias,
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The modal value af the inter pupillary distance for esophorin was 60 mm, and
that for exophoria 65 mm, indicating that smaller inter pupillary distances tend to be
associated with esophoria and larger distances with exophoria, but the correlation
coellicient between the lateral phoria values and the inter-pupillary distance was found
to be nl.‘;'uli[;ihlc.

Inter-rélationship between the Near distance Tests

The association between the Maddox rod values Tor near distance and  the reg-
pense in the Bishop Harman diaphragm test is s hown in Table IIT,

TABLE (I

Mean, Standard Deviation, and 80% Runge of Maddox Rod Exophoric
values at 30 ems. for cach of the Bishop Hurman®s Bar Groups
(for 423 cases reviewed)

|
|
Bar Iiar Bar - Bar
| -2 Jod: | 5-G | 7-8
- —_— — | ----- ! —
Mean (inp d.) 6.0 6.7 f B.4 | 11.4
Standard deviation 34 36 4.4 | 5.5
Mean 1 5. D, 2.6-94 | 3l-10.3 4.0-12.8 | 59-16.9
80% ranpe of Maddox Rod |
exophoric values 2.0 9.0 30-10.0 40-140 | 6.0-200

Since, as discussed above, exphoria predominates at near distance, the values
are mainly exophoric. It will be observed that there is @ slow increase from 6.0 to
67 p. d. in the average exophoric value upto bar 4, and thereafter 8 rapid and progres-
sive increase. The 80% range of these mean values is very wide, indicating the
influence of the fusion sense, cg, an exophoria of 9.0 p.d. with good fusion may give
2 bar response on the diaphragm test between | and 2, and with poor fusion may give
bar responses beyond 8§ and may even show a uniocular Tesponse,

Table IV gives the correlation cocflicients betwsen Maddox rod exophoric values
at 30 cms and the Bishop Harmaan diaphragm test values at various SC-C differcnces.
TABLE: IV

Correlation Coeflicients between Bishop Harman’s Bar Values and Exophoric
valuss at 30 cms for Various SC-C Differences

ST Correlation cocflicient between Bisho
SC-C difference Harman's & Maddox Rad value P

0> | # AL2H

3-10 [ |- .22

10~15 o B

15=20 |- .51

and above
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It is ohserved that in cases with SC-C differences of 15 and above, thereis high
correlation between the Maddox rod exophoric values and the Bishop Harman diaph-
riapm Lest,

Table V shows the relation between the levels of objective convergence (C) and
the Maddox rod values at 30 ems. It is seen that the ranges are very wide and that the
maximum limits of the Maddox rod values show no linearity ; o value of Exo. 29.0 p.d
heing associated with an ohjective convergence of 6 to 7 ems.  The minimum limits and
meun yvalues show a linear increase from esophorin to exophoria,

TARLE: ¥

Table Showing the Mean Exophoric Value at 30 ¢ms and Range, for Severnl
Objective Convergence Levels (for 768 Cases Reviewed).

Objective | Mean
convergence lat, phoria Range.
in ems. | at 30 cms,

0.0 - 1.0 i Exo 3 Eso 8 — Exo 29
7.1 - 8.0 ' Exo 5.5 Eso 6 - Exo 20
B.l1-9.0 Lxo 3.3 . Eso 2 — Exo 10
9.1 - 1.0 | Exa 83 ! Exo | ~ Exo 22
above 10.0 Exo 11.6 Exo 3 - Exo 24

Analysis of Borderline and Below Standard cases

There were 24 cascs beyond the Maddox rod standards, whose complete records
were available. Of these, § showed uniocularity in either the Bishop Harman or Cover
tests. In these, the average C was 7.7 cms, 5C=21.0 cms and the SC-C difference=13.3
ecms.  The remaining [3 cases were binocular on  the Bishop Harman & Cover tests.
Their average C. was 7.4 cms. SC=15.7 cms and SC-C difference=8.3 cms. The records
alse included 12 cases within the Maddox rod- standards, but uniocular either on the
Lishop llarman®s or Cover test, ot these cascs, the average © was 8.0 cms, EC=I18.%
cms and SC-C differepce=10.8 cms. Tt is therefore evident that larger SC-C  difference
arc closcly assoclated with uniocularity, and therefore the 8C -C difference is 2 good in-
dicator of the fusion sense.  The smaller the difference (especially with a small CJ)
means good fusion; a larger difference indicates a poor fusion sense.

Incidence of Lateral Phoria in Serving Personnel

Table ¥T shows the incidence of lateral phorias in 206 serving flying personnel
both Air Force and Civil.
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TABLE VI

Distribution of the Lateral Phorias Observed in 206 Flying Personnel (Air Force &
Civil) for Far & Near Vision as Determine! by the Maddox Rod.

Far Vision (6 m)

Meor Vigion (3 ems)

Tatal

AE | Civil Fotul | AR | Cvil
Im Nl-.amhc: .-?\'.unl-l:crik'tl:;l:n‘ﬁ;' Numh_t'.r Tﬂ:mh.-.-.- _Numtu:r E':.-rc;:ntn.m

Exo 20 2 2 1.0
19-20 2 2 1.0
17-18 ! 1 0.5 2 I 5 | 24
15-16 ! ; 2 2 ! 4 | 19
13-14 3 | e § | 4 1.9
1112 . ' i howis 5 . 24
9-10 .' ] 1 | 05 g | 29 ‘ 14.0
7-8 ! & | Bl B 1
546 l 2 2 | |0 g F A |35 ‘ 17.0
34 1 5 o 3o, | 1B | 23 ‘ 35 17.0
|-2 | 25, 68 93 | 450 I 25 36 17.4
Orthophoria  — I | SN N S 3| 4 2.0
Eso 1-2 2% 67 a5 | 460 5 5 : 0| 49
34 3 1 @ l 0 — | 4 | 4 2.0
56 =2 | 05 | 1 2 | 3 | 15

= S j 2 1.0 1 = I ‘ 0.5

. |
BEIL G T
The extreme is represented by a civil pilot with the following findings :—
Vision. RE-476 L: E G5
+2.25 +2.0
Retinoscopy at Im. RE__-|—2.5 L.E re———
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Maddox rod test: at fim. Rt. hyper 2.0 p. .
Exo 18 p. d,
at 30 ems Et. hyper 2.0 p. d.

Exo 24 p. d.

(i, p. d. 66 mm)
uniocular response at 20.

C==21 cms, SC=23 cms.
Latent divergence, Mo recovery both for distance and near.

Bishop IMarman diaphragm test:

Canvergence
Cover test:

Ocular movements : full, No diplopia.

When, after several years of flying, this pilot was first reviewed at AL P,
CME and it was discovered that he was beyond the standard limits, and
had an alternating divergent sguint, he was. grounded. However, he was
returned to Mlying after it was demonstrated on the synoptophore that he
wis capible of fusion and stercopsis with amplitude. He s at present a
senior captain with more than 5,000 hours and a good flying.record.,

OFf the nine serving pilots, beyond the near Maddox rod standards,
three were presbhyopes of varying degrees, which accounts for their poor
ocular musele balance at near distance. Table VII compares the means
and ranges of our study with those of 250 Naval aviators reviewed by
Imus”

TABLE VII

Mean and Range of Lateral Phoria Values for the Distribution in Table VI
as Compared with the Mean & Ranges obtained by Imus 2.

Present Study Imus

Far Mear . Far Near
Mean 0.03 pd. Eso | 5.9 p-d. Exo | 036 pd Fso | 684 pd. Exo
954 range 2.0 p-d. Eso | 6.0 p.d. Eso 40 pd. Eso 5.0 pid. Eso
to ! io to Lo
4.0 pd. Exo 16.0 p.d. Exo 4.0 p.d. Exo 8.0 p.l. Exo
Total range 20pd Ese | %0 p.d. Eseo 6.0 p.d. Eso 2.0 p.d. Eso
in] o o Loy
‘ 12.0 pud. Exo i 24.0 p.d. Exo 6.0 p.d. Exo ! 18.0 p.d. Exa
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Conclusions

1. An analysis of the incidence of the lateral phorias, as determined by the
Maddox rod test at 6 m, shows that 87.5% of cases fall between esophoria 2.0 p. d. and
exophoria 2.0 p.d. At 30 cms- §84.2% range between | to 10.0 p. . ol exophorin.  This
shift towards exophoria at npear distance is duc to the [act that an exphoric
response results from any deficiency in the convergence that musl necessarily be
exerted at this distance.  The total percentage lling owtside the Maddox rod lmies at
6 m. i5 2.3% as compared to 4% as observed by Neelyd, NWicholss and Scobes® The
percentage falling outside the limits at 30 ems is 3.2v,

2. The refraction of the ¢ases under review ranged from —4.0Dto + 5.0 D,
There was a very high incidence in almost equal proportions of both esophoria and
exophoria in the range 0 o+ 1.0 D. There was a shift towards esophoria in the range
+ 2.0 to + 5.0 D. This is in accordance with the known etiology, since this is the range
wherein excess accommodation has to be exerted to obtain clear vision resulting {na
boost up of convergence. A tendency towards csophoria was noted with refractions of
— LOD. This too is expected as less accommodation [s required and convergence is
not well stimulated at this refraction level.

3. The relationship of the interpupilary distences with the lateral phorias was in
accordance with the known etiology that smaller intcrpupillur;.a distances tend to be
associated with esophoria, and the larger with exophoria, The correlation coetficient,
however, was negligible.

4. The analysis of the near distance tests show that the Bishop Harman
diaphragm test values are associated with a wide range of near distance Maddox rod
values, dependent upon the fusion sense, The grealer the fusion sense the smaller the
Maddox rod value.

3. The Maddox rod Test by itself, as done on routine, does not reveal tendencies
towards uniocularity. Uniocular tendencies wers revealed only by the Bishop Harman
diaphragm test and the Cover test,

6. The difference between subjective and ohjective convergence (the SC-C
difference) is an excellent indicator of the fusion sense. [t tends to he large in the cases
exhibiting uniocularity, whether these be within or beyond the Maddox rod standards.
A SC-C difference of 10 cms and above appcars 10 be closely associated with

uniocularity. The SC-C difference is therefore of great value in the assessment of
borderline cases.

7. OFf the 206 serving pilots reviewed one was uniocular: he has amassed
considerable flying experience and is flying successfully. Presbyopia accounts for a
third of the cases outside the near distance exophoria limits.
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