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Abstract

Purpose. Conventional photorefractors applying either camera or

video have fixed distance between the viewing line and the light source
and read the refraction from the size of the crescent. Since the
relationship between the crescent size and the refraction is not linear and
the resolution at higher refractive error is poor, a hand-held
photorefractor was introduced which employed fixed crescent:pupil ratio
as endpoint and read the refraction from the varying distance between the
eye and the light source. The relationship between the distance and the

refraction islinear.

Methods. For ‘axia’ myopia and hyperopia, asimple formula holds

that d, = Ratio Pu |, R whered, isthe distance between the eye and the
light source; Ratio is the non-crescent:pupil ratio; Pu isthe pupil diameter;
|, iIsthe test distance and R is the refraction relative to the vergence of the

test distance. A design of hand-held photorefractor, similar in shape with

direct ophthal moscope and retinoscope, was proposed that by sliding the
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light source up and down and looked through a fixed viewing hole for a
fixed crescent:pupil ratio, the refraction could be read from alinear scale
with good resolution. Obligue astigmatism could be read ssmply by
aligning the instrument with the oblique crescent, no need to rely upon

complicated calculation.

Results. With random combination of spherical and cylindrical lenses

in front of amodel eye | read the refraction blindly with a prototype of

this hand-held photorefractor. The result was satisfactorily accurate.

Conclusions. A practical hand-held photorefractor was designed,

with which the refraction could be read on alinear scale with good
resolution, and the axis of oblique astigmatism could be determined by

simply aligning the instrument with the tilted crescent.
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I ntroduction

Pediatric refraction, despite technology advancement, is still a crucial
clinical challenge. Autorefractor is accurate, but it is only applicable to
children older than 2 year-old. Refracting children under 2 year-old
depends mainly upon retinoscopy. Putting neutralizing lens or the
retinoscopic rack near the children’s eyeisamajor practical barrier of
this technique. Photorefraction can refract at a distance from the
children>. It is nevertheless not accurate enough. How to increase its

accuracy and convenience is an ongoing hot topic nowadays.

Photorefractor is mostly operated by paramedical personnel to screen
amblyogenic factors before referring to ophthalmologists/
optometrists for further evaluation. Retinoscopy remains the most

accurate measure which most ophthal mol ogists/optometrists rely on.

Conventional eccentric photorefractors applying either camera or video
have fixed distance between the viewing line and the light source and

read the refraction from the size of the crescent™>*”. The relationship
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between the crescent size and the refraction is not linear and the
resolution at higher refractive error is poor. | introduced a hand-held
photorefractor employing fixed crescent:pupil ratio as endpoint and
reading the refraction from the varying distance between the eye and the
light source. The relationship between the distance and the refraction is

linear.

In this study, a novel refractor was designed employing the optical
principle of photorefractor, with its appearance simulating that of direct
ophthalmoscope and its operation mimicking that of retinoscope. Since it
isoperated on aclinical basis, at adistance from the children and without
the need of neutralizing lens, | think it will help

opthal mol ogists/opthometrists to refract young children more facilely
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Materials and M ethods

For ‘axial’ myopia and hyperopia, a ssimple mathematical formula holds:

d,=Ratio Pu I, R

| derive it with the notations illustrated as following (Fig.1,2,5,6),

d, : distance between the eye and the light source. d, stands for
‘distance at object space’. (d, 0)

d; : distance between the images of the eye and the light source at the
conjugate plane. d; stands for ‘distance at image space’. (d; 0)

|, : distance between examiner and examinee. |, stands for ‘length at
object space’. (I, 0)

l; : distance between the conjugate plane and principle plane of the
eye. |; stands for ‘length at image space’. (I; 0)

Pu : pupillary diameter. (Pu 0)

P : power of the refractive components of theeye. (P 0)

R : refraction ‘relative to the vergence at test distance’. For example:
The vergenceis-2D at 50 cmtest distance. Then R = -1 for -3D

myopia( (-3) - (-2) =-1) and R = +2 for emmetropia( 0 - (-2) =

6
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2 ).€etc..

X : the distance between retina and conjugate plane. (x OforP O
andx OforP 0)

atb : theretinal arearepresenting the whole pupil the examiner sees,

a: represents non-crescent part of the pupil. (a 0)
b : represents the crescent part of the pupil. (b 0)

b+c : the image (blurred) of the light source on the retina.

a
Ratio =

. proportion of non-crescent part of the pupil.
a+b

From Newton’s geometric optics, variables at image side, |;, d; and X,

were represented by variables at object side (Fig. 1,2,5,6):

Fig 1,2 about here

= P — = eq.(1)
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d, d li  do do
= - d = = eq.(2)
lo l; lo P Iy-1
1 1
(— - R)+ = P
o i + X
o o
- X = - egd.(3)
l, P+, R-1 P I,-1

For myopic eye, i.e. relatively more myopic than the vergence of the test

distance, R<0 (x>0), from Fig.1

a |i+X
( -
di l; a di (|i+X)
— RatIO = =
{ a+b Pu x
a+b X
\  Pu l;

Applying eq. (1), (2) and (3)
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a do
Ratio = =
a+b -Pu I, R
. d, = -Ratio Pu I, R eq.(4)

For hyperopic eye, i.e. relatively more hyperopic than the vergence of the

test distance, R>0 (x<0), from Fig.2

( |i+X

a
d l

a+b - X

Similar to the derivation of eq.(4) we get

db = Rato Pu I, R egd.(5)

Eqg.(4) and (5) show that, for axial myopia and hyperopia
R isdirectly proportional to do

Risinversely proportional to  Ratio
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Risinversely proportional to  Pupil diameter
Risinversely proportional to  Test distance

Risirrelevant to Refractive components of the eye

For example:
If pupil is dilated to have 8mm diameter, test distance is 50cm and ¥4
crescent:pupil is used as endpoint of reading,

Pu =8 mm = 0.008 m

l,=50cm=0.5m

Ratio = %=0.75 ( %anon-crescent and ¥4 crescent)

then d, = 075 0008 05 R = 0.003R

I.e. Every 3 mm of d, correspondsto 1D of refraction. And with 4.8 cm

range of d, it measures-18D (R=-16) to 14D (R=16)

Alternatively, if disappearance of crescent is used as endpoint of reading,
Pu=8mm=0.008 m
l,=50cm=0.5m

Ratio=1 (all non-crescent and no crescent)

10
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(limiting condition whereby crescent disappears)

then db = 1 0008 05 R = 0004R

I.e. Every 4 mm of d, correspondsto 1D of refraction. And with 4.8 cm

range of d, it measures-14D (R=-12) to 10D (R=12)

Practically, Ratio = % ( % non-crescent and Y4 crescent ) may be easier to
detect than Ratio = 1 (no crescent, disappearance of crescent) asthe
endpoint of reading, despite that the latter has better resolution than the

former, i.e. 4mm for 1D vs. 3mm for 1D.

From the fact that R is directly proportional to d,, a hand-held
photorefractor (Fig. 3) similar in shape to direct ophthalmoscope and
retinoscope was designed. By dliding the light source and prism up and
down, the distance between examiner’ s eye and the light source varied
within arange of 5cm. With afixed crescent:pupil ratio as the endpoint,
the refraction could be read on alinear scale up to 10D on €ither myopia
or hyperopia side. The resolution was also practically adequate, i.e. 3-

4mm for 1 diopter.

11
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Fig. 3 about here

Oblique astigmatism gives tilted crescent. Conventional photorefractors
measure the refraction along two or three fixed meridians and calculate
the power and axis of oblique astigmatism through complicated
formulas®®. This results in even more inaccuracy upon abasis of pre-
existed inaccuracy of the technique of photorefraction®. Hand-held
photorefractor reads oblique astigmatism by simply aligning the
instrument with the obligque crescent and gets the power at two major

aXes.

12
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Results

A prototype of this hand-held photorefractor was made and tested on
model eye. The model eye was set at emmetropiaand in front of it |
blindly put two lenses which were selected from a pool of -6D to +6D
spherical and -6D to +6D cylindrical lenses. Since the resultant spherical
power and the power and axis of cylinder could not be straightforwardly
figured out. | read the refraction with hand-held photorefractor first and
later on calculated the resultant refraction with computer to see the

goodness of fit. The result was satisfactorily accurate.

13
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Discussion
Despite an ophthalmoscope is not aretinoscope™, it is optically a
photorefractor. Ophthalmoscope makers tried to make light path and
viewing line coaxial for small pupil examination. But most
ophthal moscopes actually have small distance in between, which mimics
the optics of photorefractor (Fig. 6). Thisis obvious if we observe model
eye at a distance with ophthalmoscope and continuously change the
refraction of the model eye from minusto plus. We will see the whole

spectrum of the photorefraction, including the dark zone.

Fig. 4 about here

Calculation of dark zone:

The limiting condition of photorefraction, i.e. at the margin of dark

zone, iswhen Ratio=1 or b =0 (Fig. 5,6), then

14



do
or R =
Pu I,
Fig.5,6 about here
-1 -1
Thedark zoneisfrom (——-R) D to( +R)D
do do

witharangeof 2 R (at limiting condition),

whichis directly proportional to do,
inversely proportional to Pu,

inversely proportional to lo.

For example:
|f do =1 mm=0.001 m,
Pu=8 mm=0.008 mand
l,=50cm=0.5m,
0.001

then R= =0.25D
0.008 0.5

15
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eq.(6)



Ai-Hou Wang

Thedark zoneisfrom-2.25D (-1/05-0.25)to-1.75D (-1/0.5+

0.25).

Crescent sizevs. refraction, with d,, fixed, in conventional

photor efraction:

Conventional photorefractors employ fixed d, and read refraction from
crescent size or the crescent:pupil ratio.
do
Fromeq.(5) Ratio R =
Pu I,
The relationship between Ratio and R is hyperbolic, and the curve of
crescent:pupil ratio (1-Ratio) vs. refraction, which is often depicted in
conventional photorefraction, is non-linear (Fig. 7). This curve has good

resolution at lower refractive error but poor resolution at the plateau of

higher refractive error®.

Fig. 7 about here

16
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Eq.(6) and Fig. 7 show that smaller d, larger pupil and longer test
distance lessen the dark zone, increase the resolution at lower refractive
error and decrease the resolution at higher refractive error. On the
contrary, larger d, smaller pupil and shorter test distance increase the

dark zone, yet may increase the resolution at higher refractive error®.

One difference between spot and linear edged (such as photoflash) light
source is that when the pupillary light reflex is small (non-crescent Ratio
> %), the latter is really crescent-shaped, but the former makes dome-
shaped.reflex. When the reflex islarge (non-crescent Ratio < V), either

light source makes dome-shaped reflex'?.

In conclusion, in this study | formulated the optics of photorefraction
with spot light source; found the linear relationship between d, and
refraction and suggested this relationship, aong 5 cm range of d,, is
suitable for hand-held photorefraction, and must be superior to the non-
linear relationship between crescent size vs. refraction, which was used in
most conventional photorefractors.. With its hand-heldness, the oblique

astigmatism could be ssmply measured by aligning the instrument with

17
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the tilted crescent.
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L egends

Fig. 1 Refraction sketch for R<0, i.e. relatively more myopic than the

vergence of the test distance (-1/d,).
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L egends

Fig. 2 Refraction sketch for R>0, i.e. relatively more hyperopic than the

vergence of the test distance (-1/d,).
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L egends

Fig. 3 Design of hand-held photorefractor. The examiner’s eye and light
source are of equal distance to the examinee' seye. Thisis
achieved by diding the prism (or mirror) and light source together
to keep constant distance between light source and the examinee.
To adjust d, by dliding the prism up and down is a maneuver
similar to retinoscopy where we slide the lens or light source up

and down to change the vergence.
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L egends

Fig. 4 Direct ophthalmoscope isitself a photorefractor. The light path
and the visual line are not completely coaxial. The optics mimics

that of photorefractor.
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L egends

Fig. 5 Limiting condition for R<O0, i.e. acondition at the border of dark

Zone.
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L egends

Fig. 6 Limiting condition for R>0, i.e. a condition at the border of dark

Zone.
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L egends

Fig. 7 Therelationship between Ratio (non-crescetn:pupil) and R is
hyperbolic, and the relationship between crescent:pupil (1-Ratio)
and refraction is non-linear. This curve is often depicted in

conventional photorefraction.
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Figures

retina
P conjugate
plane

Fig. 1 Refraction sketch for R<0, i.e. relatively more myopic than the

vergence of the test distance (-1/d,).
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Figures

retjna
P conjugate
plane

Fig. 2 Refraction sketch for R>0, i.e. relatively more hyperopic than the

vergence of thetest distance (-1/d,).
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Figures

varying d, (up to 5cm)

viewing | i_ne% ,:

_ light paths / | dliding the prism (or mirror)

and light source together
P (sliding up and down)
N (dliding range ~5¢cm)

. N/
T

spot light source

Fig. 3 Design of hand-held photorefractor. The examiner’s eye and light
source are of equal distance to the examinee' seye. Thisis
achieved by diding the prism (or mirror) and light source together
to keep constant distance between light source and the examinee.
To adjust d, by diding the prism up and down is a maneuver
similar to retinoscopy where we slide the lens or light source up
and down to change the vergence.
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Figures

do viewing IinQ
/

N\

light path prism

Fig. 4 Direct ophthalmoscope isitself a photorefractor. The light path
and the visual line are not completely coaxial. The optics mimics

that of photorefractor.
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Figures
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Fig. 5 Limiting condition for R<O0, i.e. acondition at the border of dark

Zone.
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Figures

retina
P conjugate
plane

Fig. 6 Limiting condition for R>0, i.e. acondition at the border of dark

Zone.
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Figures

Ratio
(Non-crescent proportion)

hyperbola

1-Ratio
(Crescent proportion) d, (limiting condition)
R= (dark zone border)

/ Pu I,

R

Fig. 7 Therelationship between Ratio (non-crescetn:pupil) and R is
hyperbolic, and the relationship between crescent:pupil (1-Ratio)
and refraction is non-linear. This curve is often depicted in
conventional photorefraction.
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