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INTRODUCTTION

his situdy was made %o detemmine any sdignificant
change in vertdical phondias and ductions from Zhe sZandanrd
hondizontal Zesiting position to that of the nreading Level.
The primany objective fon Lnvesidigaiing Lhis testing pnro-
cedune was Lo formulaie a tesit directly corrnelated with mosit
nean poini activities. Aften naJLewLng the papens in Zthe
Literatune concenndng ventical phorndias, Lt was found Zhat
many researchens implied that zZhe only valid method of
Ltakeng a nean phornda tesit was 4n normal reading positunre.

In his book, The Management of Binocular Imbalance,

Knimabky discussed the shorntcomings of Zhe sztand Ltype double
roany prism phorometen and stated: "It Ls physiologically
inconnect fon near testing the vertical phoria. As constructed
at the present time, the phorometer Rimits adjusiment of Zhe
head to an erect position with the eyes directed straight ahead
as fon Zesting at fan. Nearn tesiting would requine the eyes

Zo be dinected somewhat downward. The phorometer does not per-
mit such an adjubtmenz."’ Forn Zhis situdy, howevexr, Lt was pos-
s4ble to obitain a Steven's phorometern which could be nozated

to allow Zthe patient to Look through the center of the prisms
when the target was at his neading Level. This Ainstrument

mindmized any Lnduced prismatic effeck.

TArnokd Knimsky, The Management of Binoculanr Imbalance,
Prentice-Hall, 1959, p. TZ5.




The heading Level used Ain this Linvestigation was
detenmined by experimentation and was validated by Mereditn
Mongan 4in a paper entitled "Accommodative Changes in Pres-
byopia and Thein Conrnection." 1In his paper Morgan stated
that "ELLenbrock found most individuals place thein near
wornk between 40 and 60° below the horizontal. About hat§ of
this distance Lis compensated fon by tilting the head forwanrd;
thus the visual Lines 04 s4ight are udually directed downwanrd
in neaddng about 20 o 300.”2

Hyperphoria that 4is greater at Ainfdindity than at the
ceading distance L& usually due to Linvolvement of a vertical
nectus, and L4 the nrevernse L4 found, an oblique muscle L& us-
ually at fault. In frontal gaze in the distance, ifhe verti-
cal nectus muscles anre the main elevatorns and depressons. At
the neading distance the oblLique muscles have the greater poweh
with theirn power Lrncreasding greatly 4Ln convergence. The phre-
sence of a manked secondary deviation may obscure Zhe pictuae.s

The vertical range oﬁlﬁubion 46 nelatively small and
40 a sLight ennon does notl nemain Lateni but becomes a hypen-
trhopra. Ventdcal fusdon, unlike the normally strong fusion-

contrnol in convergence, ié nelthen well controlled nor 4An

constant use. 1& is hnown gfrom experiments with prisms

{Menedith Morgan, "Accommodative Changes in Presbyopia and
Thein Cornection," Vision of the Aging Patient, p. 110.

51. R, Andenson, M. 0., Ocular Vertical Deviations aid the
Theaiment of Nystagmus, p. 13.




that Limited unilateral ventical movements do occur Lo main-
tain fusdion. Vernhoeff wrote Lhat the duction mechanism L4
"the only known function that could prevent venitical devia-
tion." By a conditioning process he thought that voluntany
control oven sursumduction could possibly be acquined.4
Nonmally we observe a unilateral vernitdical devia-
tion when the sinength of a rotating prism, hefd base up oxr
down before one eye, L8 Ancreased. Single visdion 4is madin-
tained by continued sitimulaition of corresponding nretinal
points as the eye behind the prism rotates up on down. Such
movements arne not due to unidlateral musculan Linnervation. .
Opposite Ainnenviidion goes to each eye and L& neutralized 4Lin
one by determination to §4ix and L& effective Lin notating ithe
othen eye with double fonce.
In this concomitant group therne are Zhe (1) Mandfest
dguints: hypernitropdia; and (2] Zhe Latent type: hypenphornia.
In both there L4 pracitically the same degree of deviation 4in
all dinections of gaze. As no muscle L4 chiefly affected,
the double images show no obliquity. Neithen does head-tilting
affect the deviation. Fatigue and illness have been cladimed
to peamdt the Latent to become the obvious dggecz.s
Past investigations have shown that there L& a drop

in exophondia az the neading Level. A neduction of exophoria

Y1bid., p. 14,
’1bid., p. 14.



was found 4n 1955 by Dramen, Beaman, and Dickes Ain thedin
fi§th-yean thesdis at Pacdifdic Undversdity. This factor may

be significant in measurding the vertical phonia because L&

486 known that the ventical phordia may be influenced by dif-
fenent amounts og Latenal dassociation prism. Thus, 4§ a
pernson exhibits Less exophorndia at the nreading Level, Zhen
Less Base in prism will have to be gdven 4in ornden to cause
dissociation. 1t has been stated by Adolf Posnen that "the
amount of hyperphordia uncovered depends upon the extent of
dissocdiation, Consequently, the Maddox-rod test usually
gives somewhat highen values than the ned glass test. The
mene fact that estimations of the amount of hyperphoria varies
wAth the methods employed indicated that no method can ve ne-

ganz:i as a neliable gudde in the treatment of the condition."®

6Adoﬂph.P04nea, M. D., American Journal of Opthalmalogy,
19s51.



METHODS

The equipment used Lin Tthis study was:

A. One hal§ arc perdimeten with a gixation
distance of sixteen Lnches,

B. Stand-type notating phorometen with
prisms of 1° gradations.

C. A. 0. phonopten with prisms of 1* gradations.
D. Two cards, each with a single hornizontal
how of 20/20 Leititens placed centrally on
each cand.

The subject’s habitual nearpoint Rx was deten-
mined and the experimental data was taken through this Rx.
The f§irnst sitep was taking a standard ¥1§ finding 4in the
A. 0. phoropter. The Lef eye was fixating while Zhe ven-
tical prism was rnoiated before the night eye tilL alignment.
Boti supra and infra ducitions (Break and Recovery) wene then
measured beforne the night eye.

The subject was then seated out of instrument be-
fone the phornometen fon furthen testing in the straight ahead
and at the neading Level 30°. The subject was instructed %o
place his chin in the modified chin nrest and forehead againsi
headrnest and was todd Zo neporit when the single row of Leftens
appeared centened 4in the Lens wells before each eye. The Pd
was changed until the patienit neported such alignment. The
dissociating pnigm was next placed before the Left eye and
the medéuning prism before the night eye. A sendies of three

pneridias and two ductions (ftwo supra and two Linfra) wenre taken.



The average time thait the subject was dissociated
fon the phonia was 10 seconds. The avenage time Zaken fon
supna and Anfra ductions was 30 seconds. The prisms wene
then nemoved and fusion was allowed for a perniod of 30 se-
conds before the subfect was dirnected to the 30° depressed
tanget. The tarngei was next Lowered to a Level 30° betow ,
the hornizontal and the phonrometen was notated forward and
down 2o negain a centered position in relation to Zhe new
Line of sight. The same standard phoria and duction pro-
cedune was nrepeated at this Level. The prisms were Zhen
nevensed with the dissociating prism now before the niaht
eye and the measuring phism before the night eye and zhe
measuring prism before the Left eye. Agadin a sendes of Zthree
phornias and two ductions werne run,

The nesults of the data were compared as follows:
First, the thrnee phonias forn each fixating eye 4or each
4aciioﬁ wene avenaged and assdigned plus and minus values.
PLus vatues indbcate a right hyperphornia and minus values
indicate a Left hyperphoria. Thajavenageé forn each {ixating
eye within each section were then compared with the same
plus and minus notatdion.

Second, the ductions for cach test wene bazanced(awwage@
forn both brear and necoverdies. PlLus notation for supraduction
and minus for infraduction. The ductions wiih Zhe izﬁt’eye

f§ixating and with the night eye fixating forn each testing



diszance were then compiled inte a single hyper value, edlthen

plus oh minus.

9

The values for each test sequence were then compared

and Listed 4in table #1.

Vertical PFPhorias -~ Table #1l
. | § | |
lesting Positlon Median Variance - | Standard Deviation
1. Standard #18 I 2.81 2 1.67
!
2. 180° Phorometer +.12 1.7k f 1.32
|
3. 30° Level in !
Phorometer +.50 2.23 1.49 . ;
Vertical Phorias ~- Correlation Coefficient .
3
: ; |
1. Standard #18 and Straight ahead Phorometer -- .93 P
!
2. Standard #18 and 30°Level Phorometer -~ .76 f
3. Straight Ahead Phorometer and 309%Level g
Phorometer =-- L,87 g

Vertical Ductions =~ Table #2

Testing Position Median Variance  Standard Deviation :

—— 4.‘: \ __._......_..;.;

1. Standard #18 Jo .703 .8l %
oD i .376 .61 !

2. Straight shead .
Phorometer 0s 2 . 623 .79 |

oD #2012 .726 .85 |

3. 30°Level in E - 1
Phorometer 0s +.50 . 887 "¢ 93 |

The graphs from this table show the results of the

comparison 04 the different testing sLtuations.



0
ductions azt the 30

The same average time was

rneading Lewed.

taken fon the phonias and

The total average time

taken to complete each patient was f4ve minutes. The room

LLLumination was 215 foot-candles.

PHORIAS DUCTIONS

’ - #18 traight Ahead  30°Level | #18 | Straight  30°Level
E ! fhorometer Phorometer' ’ Ahead %in
3 % . : fhorometer . Phorometer |
é ; | OD fix [0S fix|OD fix 08 fix
i ! ‘ : 4 {
1. -3.10 -2.0 -.50 =50 p =25 -.50  -.25
2. - .50 - .21 -1.00 - .12 8 B -.75 | -.50
3. -3 60 -3.00 -2.50 -2.25 =-.75 :-1.00.?-1 00 | -.75
S L. -2.30 - .50 ~-1.50 - «75 -1.00 -1.12 | - .50 @ ~-.50
LS. # .50 +..12 +1.00 + .75 B @ g+l.25 +1.00
L 6.~ .50 - .33 -1.00 +=1.00 ~1.37 - .50 | ~1.37 -1.00
7. i + .16 - .50 | .37 z+ .62

8. | +1.00 + .83 _ .SO # 37 1+ .12+ 62+ .50

9. ! +1.00 +1.33 +1.00 .50 + .12 [ +1.00  + .25 +1 50
’101 '?‘1 'QO "'2016 +1 LQQ ; f“' 012 + Z "l‘ 25
111, | -1.50 -1.00 -1.75 1. So p .50 - .12 ~2.00
12. | +1.00 +1.00 +1.25 B e 120 4 U370« .75 wI1.50
13. : +1.00 +1.00 +1.50 L. W62k .50 +l.37 0 B +1.12
. o + .25 +1.50 L= W50+ W50 4+ .50+ 12 + .25
fiZ | jg.po :1.52. -1.50 %-% 62'i¢.g7 = .25 =1.725 = .62
116, * +1.00 ; ! . Ty 12+ .50
117. 1« .50 +1.00 +2.75 s B PR 5 T .igi +..31 i+ ?o
%18. "'lcOO - .83 ( -—1.75 % '—l 00 ! 25 -1.37 ‘_ 50
19, . + .50 +2.50 | +2.75 | .75'+1 37 | +1.75  #1.00 +1. 62

| .50 |- 25.- f- T50 ¢+ 75 4 .

20, |
|

4

Chart of the Averages of the Phorias and

of the Duction tests°

* Right hyperphoria indicated by plus sign.

Left hyperphoris indicated by minus sign,
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RESULTS

The f{requency graphs of the testing sequence show
that the ductions vary Little from the phorias regardless
of the fixating eye. The best agreement between conrespond-
ing phondias and ductions L& shown by the standard phornopten
ventical sequence combined with the phorometer in the straight
ahead 505L110n.

The Least agnrneement was found in the comparison of
the ventical phorias and ductions from the straighit ahead
phorometen to the 50° Zevel.

The ductions show that therne Ls a betten cornelation-
with Zhe phondia when the night eye 4is the measurning eye than
L4 the Left eye is used Lo measunre the devdiation.

1t can be seen from table Ithat the differnence
between The median of the standand #1§ phoria and the 180°
phonia in the phorometen was +.12. (The plus sign indicated
a night hyperphoria.) This difference was constant with a
cornelation coefficient of .930. The difference between the
median of the standard ¥18 phorda and the 30° phoria in the
phorometen was as great as +.50. The corrnelation coefficient
between these two was not as consdistent; Lt was .76.

The standand deviation of the #18 phoadia in phonr-
opten showed a gheaten vaniafion from the standard mean of
ontho than did the phoria at the 30° rneading Level in the
phorometen., The standarnd deviation of the 180° phoria 4An

the phorometen indicated the Leasit vaniance o4 the three

phoria posiitions.



The ductions show a consistent nelationship with

the median, vaniance, and standard deviation findings of

the phonias in all Zhree positions.

The formulas used to dendve the statisitics of this

study wene:
A1)

Whenre

Whene

(3)

Whenre

ISR W
LCS Y
] LI L]

S X0 W

H W K

ZV9 ™

= xz

T

standand deviation
deviation {rom mean
Zotal numbern of subjects

£ x?

n-1"

variance
deviation from mean
total numben of subjects

1 - 62Dt
N (NZ=T]

= connelation coefficient
= difference Lin ranks between Ltwo scones

total numben of subjeckts

10



DISCUSSION

1

As Andicated by the previous section, the simi-
Lanities An data and statistical analysis anrne marked beiween
the phornopter and the 30° rneading Level phorometen findings.
A sdignificant dif4erence L4 noted between the hornizontal and
30° pho@&az with a tendency Towand adght hypenphornia at Zthe .

309

neading Level.

As has been previously stated, Posnen believes
that the ventical phoria is Ainfluenced by the amount of
Lateral dissociation Lnvolved. TIn a previous Lhesdis pen-
formed by Canrkner and Roy, Zherne was found Lo be a signi-
ficant neduction of exophordia aX Zhe reading Level. 1In
this study mindmal Lateral dissociailing an&m was used Ln
onden to prevent fusion of Zhe ZtargeZs.

An attempit was made Lo mindmize the effecits of
Linduced verntical phorias as a function of optical vardlables;
howeven, no aittempit was made to caleculate the Linduced pnié—‘
matic effect of the patient's Rx.

From the nesults of Zhe experimental data, L% can
be deduced Zhat 4if a vernitical imbalance 4s suspecited then
vertical phonias and ductions should be conducted ?I'Ihe

neadding position Ln onden to arnive ait a more valid clinical

analysis.

11
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A study could be perfommed measurning ventical phonrnias
and ductions §inst by Limiting Zhose who have no suspected
verntical imbalance; secondly, Limiting only the Andividuals
who are known Lo have ventical imbalance and then companr-
ing the nelative changes of verntical phornias from Zhe

Ain&ighi ahead position to that of the neading Level.

Anothen internesiting situdy could be one Linvolving
the measurnement of ventical phordias in the "nine field”

positions.

Still a thind suggestion would be Zhe measunrement
04 change in ventical phonias from the hornizontal posi-
tion o the neading Level but considerning and calculating
the ennrons Ain the data induced by Lens powerns and verntex

distance.

12
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