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SPHERO-CYLINDRICAL REFRACTION

A best vision sphere refraction only measures spherical refractive error (myopia, hyperopia or presbyopia) — it does
not measure astigmatism. If a person has significant astigmatism, they will not see clearly or comfortably with
spherical lenses only.

A person with significant astigmatism requires a sphero-cylindrical refraction.

AlM

This unit teaches you how to perform a subjective sphero-cylindrical refraction.

LEARNING OUTCOMES

When you have worked through this unit you should be able to:
o explain when a sphero-cylindrical refraction is necessary
o demonstrate the correct use of a cross cylinder

o demonstrate how to perform a sphero-cylindrical refraction.
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REVIEW: SPHERO-CYLINDRICAL REFRACTION

¢ In an eye with astigmatism, light from an object does not focus evenly at one point, but
instead it focuses at two different points.

e Astigmatism may occur in an eye which also has myopia or hyperopia, or just by itself.

ASTIGMATISM e Astigmatism is corrected with cylindrical lenses. Astigmatism that is mixed with other
refractive errors is corrected with sphero-cylindrical lenses. Both of these sorts of
lenses are called astigmatic lenses.

e Both the power and the axis of the astigmatic lens must be correct to give clear vision.

2013, Version 3 Refractive Error Training Package

Chapter 19-2



A BrienHoldenVisionInstitute Sphero-Cylindrical Refraction

SPHERO-
CYLINDRICAL
REFRACTION

A sphero-cylindrical refraction (or simply a sphero-cyl refraction) measures the amount of
astigmatism that a person has so that astigmatic lenses can be prescribed.

Most sphero-cylindrical refractions start with a best vision sphere (BVS) refraction.

=l After the BVS refraction you MUST perform a sphero-cyl refraction if:
f&%’s
P-:dﬁc:

e pinhole visual acuity (VA) is better than BVS VA (VA with BVS
spherical lenses),

OR
e BVS VA is worse than 6/9.5.

Even when BVS VA is good, small amounts of uncorrected astigmatism may cause
asthenopia. Therefore, it is best practice to perform a sphero-cylindrical refraction in all
people.

A person who has astigmatism needs a cylindrical (or sphero-cylindrical) lens that:

e is the correct cylindrical power, and

e is placed at the correct orientation in front of the eye (the axis of the cylindrical lens
must be at the correct angle).

A sphero-cyl refraction finds the correct power and axis orientation of the cylindrical lens
so that the person with astigmatism can see clearly and comfortably.

Estimating astigmatic refractive error

e Recall from a previous chapter that unaided VA can be used to estimate how much
spherical prescription a person has (0.25 D of spherical error generally reduces
acuity by one line). In a similar way, the person’s BVS VA can give you an indication
of how much astigmatism a person has.

You can think of spherical lens power as being twice as strong as cylindrical lens power.

;E Cylindrical power =% x Spherical power

]

e Following from the above rule, as a general rule, every line of reduced acuity
could arise from 0.50 DC of uncorrected astigmatism. For example, if a person’s
right eye has a BVS VA of 6/12, this eye has missed 3 lines and likely has 1.50 DC of
uncorrected astigmatism.

e However, this is only a rough guide because unlike spherical lenses, the location of
cylindrical axis will also influence how much vision is affected.

e You must be careful when applying these estimates to determine whether the
prescription corresponds with the unaided VA. This is because the astigmatic
component influences the spherical component of the prescription.

e In order to estimate how the spherical component affects VA, you must first calculate
the equivalent sphere based on the below rule:

fg,%fs Equivalent sphere = spherical power + 0.5 x cylindrical power
a7
MP':“Q -

e Example: Prescription: +2.00/-1.00 x 90
Equivalent Sphere = +2 + (0.5x-1) =2-0.5 =+1.50
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Sphero-Cylindrical Refraction

SPHERO-
CYLINDRICAL
REFRACTION (cont.)

Estimating unaided VA of sphero-cylindrical prescriptions
(these examples all assume normal vision of 6/4.8)

e A person with a prescription of +0.50/-1.00x90.

[0}

Spherical component: the equivalent sphere is calculated from rule above. In
this case, equivalent sphere = +0.50 + (0.5 x -1.00) = +0.50 -0.50 = 0.

Cylindrical component: from the general rule above, every 0.50 DC can
reduce VA by 1 line. Here the astigmatic component is -1.00 DC and
therefore would reduce VA by 2 lines.

Total reduction in VA: 0 lines (spherical component) + 2 lines (astigmatic
component) = 2 lines. It is estimated that his person’s uncorrected VA would
be ~ 6/7.5.

e A person with a prescription of +1.25/-2.50x180.

(o]

Spherical component: in this case, equivalent sphere = +1.25 + (0.5 x -2.50)
=+1.25-1.25=0.

Cylindrical component: here the astigmatic component is -2.50 DC and
would reduce VA by 5 lines.

Total reduction in VA: 0 lines (spherical component) + 5 lines (astigmatic
component) =5 lines. It is estimated that this person’s uncorrected VA would
be ~ 6/15.

e A person with a prescription of -0.50/-1.50x45.

(0]

Spherical component: in this case, equivalent sphere = -0.50 + (0.5 x -1.50)
=-0.50-0.75 = -1.25 D. This would reduce the person’s VA by 5 lines.

Cylindrical component: the astigmatic component is -1.50 DC and would
reduce VA by 3 lines.

Total reduction in VA: 5 lines (spherical component) + 3 lines (astigmatic
component) = 8 lines. It is estimated that this person’s uncorrected VA would
be ~ 6/30.

e A person with a prescription of plano/-1.00x135.

(0]

Spherical component: In this case, equivalent sphere =0 + (0.5 x -1.00) =
0 -0.50 =-0.50 D. This would reduce the person’s VA by 2 lines.

Cylindrical component: the astigmatic component is -1.00 DC and would
reduce VA by 2 lines.

Total reduction in VA: 2 lines (spherical component) + 2 lines (astigmatic
component) =4 lines. It is estimated that this person’s uncorrected VA would
be ~ 6/12.

2013, Version 3

Refractive Error Training Package
Chapter 19-4




‘s
N
N

MEASURING ASTIGMATISM (cont.)

A cross cylinder (or simply a cross cyl) is a piece of equipment that is used to conduct a
sphero-cyl refraction. A cross cyl is sometimes called a Jackson Crossed-Cylinder (JCC).

BrienHoldenVision|nstitute Sphero-Cylindrical Refraction

CROSS CYLINDER
Figure 19.1: A #0.50 D trial frame cross cylinder

Every JCC has two axes: a minus axis and a plus axis. In the method outlined in this
manual, the minus axis is the most useful axis. JCCs come in several powers, such as
+0.25 DC, +0.37 DC, £0.50 DC and +1.00 DC. Higher powered JCCs (+/- 1.00DC) are
used when a person has poor VA and may have difficulty in noticing any difference in
presentations, while the +/-0.25 DC JCC may be used to refine the refractive result for a
person with good VA.

A JCC for use with a trial frame looks like a trial lens that has a long handle, which is at 45°
to the axes. There are small marks engraved or painted on the edge of the lens. These
marks tell you what the power of the JCC is and where the axes are located.

The axes of the JCC are usually shown by two coloured dots or lines (usually red / orange
for the minus axis and white / black for the plus axis).

The JCC on a refractor head can be twisted in its housing between two positions, so that it
can be used to either refine the cylinder axis, or the cylinder power.

o If the “A” on the JCC is aligned with the small arrow at the base of the cylinder axis dial,
then the JCC is ready to be used to refine the axis of astigmatism.

¢ If the “P” on the JCC is aligned with the small arrow at the base of the cylinder axis dial,
then the JCC is ready to be used to refine the power of astigmatism.

CROSS CYLINDER ON A
REFRACTOR HEAD

Minus axis ]
Plus axis

‘sof MmN €

Figure 19.2: A refractor head cross cylinder
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MEASURING ASTIGMATISM (cont.)

Maintaining equivalent sphere during a sphero-cyl refraction is important because it helps
you to keep the person’s accommodation controlled.

Whenever you change the power of a minus cylindrical trial lens by 0.50 DC you must also
change the power of the spherical lens by 0.25 DS:

e |If you add —0.50 DC during a refraction, you must balance it by adding +0.25 DS of
sphere power.

e If you remove —0.50 DC during a refraction, you must balance it by removing

MAINTAINING
EQUIVALENT +0.25 DS of sphere power.
SPHERE . . . .
As noted above, you can think of spherical lens power as being twice as strong as
cylindrical lens power.
Cylindrical power =%z x Spherical power
When you maintain equivalent sphere you are making sure that the overall BVS doesn't
change and that accommodation is kept relaxed.
2013, Version 3 Refractive Error Training Package
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METHOD

O CH People often find the sphero-cyl refraction the most difficult and
ffe?vs confusing part of their eye examination.
T4 The accuracy of a sphero-cyl refraction depends on:

e a good sphero-cyl refraction technique

e the instructions that you give the person.

There are three parts to a sphero-cyl refraction:
e astigmatism search

¢ finding the cylinder axis

e finding the cylinder power.

Like a BVS refraction, the best way to learn how to conduct a sphero-cyl refraction is to
perform it yourself as often as possible. With practice you will become more efficient.
This unit will show you how to perform a sphero-cyl refraction using two learning
methods:

e step-by-step instructions with examples
e flow charts (in the summary).

After working through these, you will be ready to perform your first sphero-cyl refraction.

BEFORE YOU BEGIN

e|f using a trial frame: place the BVS sphere lens or lenses in the back cells of the trial
frame. (If using a refractor head: set the refractor head to the BVS).

eIf you have a cylindrical estimate from a previous prescription, retinoscopy or an auto-
refraction result, ensure that it is placed in front of the person’s eye at the correct axis (if
this lens was not in place when determining BVS, you will need to adjust the spherical
power when placing in front of the eye to maintain equivalent sphere).

¢ Occlude the left eye (remember it is convention to refract the right eye first).
e Ask the person to look at a distant target.

- Adcircle target or an O shape (that is two to three lines larger than the person’s
best vision) is best.

— You can make your own O target. (Make sure the circle is absolutely round and the
thickness of the line is even.)

- If you do not have an O target, you can ask the person to look at a letter on the VA
chart instead. Choose a letter that is two or three lines larger than the smallest line
that the person can see.

e Hold the cross cyl and tell the person:

“This test will make the circle (or letter) look blurry, but | want you to tell me which
makes it look better: one or two.”

“You should also tell me if one and two look the same.”

2013, Version 3
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ASTIGMATISM
SEARCH

This part of a sphero-cyl refraction is to find out:

e if the person has any astigmatism at all, and if so,

e the approximate axis of the person’s astigmatism.

(If a cylindrical estimate is already present, please go to Finding the Cylinder Axis).

STEP 1

If using a trial frame: hold the cross cyl in front of the right eye.

If using a refractor head: swing the rotating arm holding the cross cyl into position, so
that the person is looking through it.

Rotate the cross cyl so that the minus axis of the cross cyl is at 180° (horizontal).
This is position 1 for the cross cyl.

STEP 2

Ask the person: “Does the circle (or letter) look better with number one?
Or..."

Now twist the handle of the cross cyl (or flip the cross cylinder in the refractor head) so
that the person is looking through the other side of the lens. Now the minus axis of the
cross cyl should be at 90° (vertical). This is position 2 for the cross cyl.

Finish your question: “....with number two? Or do they look the same?”

Be sure to allow the person enough time to see both views, so they can accurately
decide which is best. You may need to show them position 1 and position 2 several
times. If the person cannot decide then you can assume they look the same.

POSITION 1 POSITION 2

JCC is rotated
to get Position 2

Figure 19.3: Astigmatism search at 90 °and 180 °with a JCC
If the circle (or letter) looked better in position 1 or 2:

— Puta-0.50 DC trial lens in the trial frame with its axis in the same direction as the
minus axis of the JCC in the better position (if using a refractor head, turn the
cylinder power dial to display -0.50 DC in the cylindrical power window):

If position 1 was better, place the axis of the -0.50 DC lens at 180°.
If position 2 was better, place the axis of the -0.50 DC lens at 90°.

— Also add a +0.25 DS spherical lens.
— Then go to Finding the Cylinder Axis.

N.B. In order to maintain equivalent sphere, for every -0.50 DC that is added, a
+0.25 DS must also be placed in front of the eye.

If the circle (or letter) looked the same in positions 1 and 2:

— Goto Step 3.

2013, Version 3
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STEP 3

Rotate the JCC so that now the minus axis is at 45° (in a refractor head do this by turning the
cylinder axis dial). This is position 1 for the cross cyl.

Ask the person: “Can you see better with number one? Or ...”

Now twist the handle of the cross cyl (or flip the cross cylinder in the refractor head) so that
the person is looking through the other side of the lens. Now the minus axis of the cross cyl
should be at 135°. This is position 2 for the cross cyl.

Finish your question: “...with number two? Or do they look the same?”

POSITION 1 POSITION 2

A

/ 7 o/
. . s
Minus =

axis

Handle is twisted to get Position 2

Figure 19.4: Astigmatism search at 45 °and 135 °using a JCC

STEP 4

If the circle (or letter) looked better in position 1 or 2:

— Put a-0.50 DC lens in the trial frame with the axis in the same direction
as the minus axis of the JCC when it was in the better position (or if using the refractor
head, turn the cylinder power dial to display -0.50 DC in the cylindrical power window).
If position 1 was better, place the axis of the —-0.50 DC trial lens at 45°.
If position 2 was better, place the axis of the -0.50 DC trial lens at 135°.

— Don't forget to add +0.25 DS to maintain equivalent sphere.

— Then go to Finding the Cylinder Axis.

If the circle (or letter) again looked the same in position 1 and 2, and the BVS VA is good:
— the person probably has no astigmatism
— you can prescribe the BVS lenses.

If the circle (or letter) again looked the same in position 1 and 2, and the BVS VA is poor:
— choose a —0.50 DC lens and place its axis at 180°
— go to Finding the Cylinder Axis.

el EXAMPLE
;Lga Step 1.  You hold a JCC in front of a person’s right eye.

Step 2:  You show the person position 1 (minus axis at 180°) and position 2
(minus axis at 90°).
The person tells you that number one and two look the same.

Step 3:  You rotate the JCC and show the person the next position 1
(minus axis at 45°) and position 2 (minus axis at 135°).
The person tells you that number one was clearer.

Step 4:  You look at the position of the minus axis in position 1.
You see that the red dots (the minus axis) are at 45°, so you know that the
axis of the person’s astigmatism is closer to 45°.
You put a —0.50 DC lens into the trial frame or refractor head with its axis
at 45° (and also a +0.25 DS in place to maintain equivalent sphere).

2013, Version 3
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FINDING THE
CYLINDER AXIS

After you have found the approximate axis of the person’s astigmatism (or if using a
previous estimate), you need to find the exact axis location.

STEP 1

If using a trial frame, look at the axis of the —0.50 DC trial lens that you have put into the
trial frame. Hold the handle of the JCC parallel to (along the same line as) the axis of the
—0.50 DC trial lens.

If using a refractor head, turn the JCC so that the ‘A’ on the JCC is aligned with the
small arrow at the base of the cylinder axis dial, this is the position for axis refinement.

STEP 2

Ask the person: “Does the circle (or letter) look better with number one?
Or..."

Now twist the handle of the cross cyl (or flip the cross cylinder in the refractor head) so
that the person is looking through the other side of the lens.

Finish your question: “....with number two? Or do they look the same?”

POSITION 1 POSITION 2

___ Trial lens axis is
W\ 7 T parallel to the

- \ cross-cyl handle

Handle of cross-cyl
is parallel to the trial
lens axis

/

Handle is twisted
to get Position 2

Figure 19.5: Finding the axis direction of the person’s astigmatism using a JCC

STEP 3

If the circle (or letter) looked better in position 1 or 2:

— Rotate the cylindrical trial lens so that its axis mark moves towards the minus axis
of the cross cyl when it is in the better position (do so in the refractor head by
adjusting the cylindrical axis dial).

Rotate the handle of the cross cyl as well (so that the handle of the cross cyl
is parallel to the new axis of the cylindrical trial lens). If you are using a refractor
head, the cross cylinder will automatically move to the correct location.

— Then go to Step 4.

Sometimes when a person has small amounts of astigmatism, it can be difficult to
finalise the axis of astigmatism. If you find yourself going backwards and forwards
within a narrow axis range, stop and go on to ‘Finding the cylinder power.’

the handle of the cross cyl parallel to (lined up with) the axis of the

ga When you are finding the cylindrical axis with a JCC you must always hold

cylindrical lens.

If the circle (or letter) looked the same in position 1 and 2:

— the axis of the cylindrical trial lens in the trial frame is correct
— you have found the axis of the person’s astigmatism
— goto Finding the Cylinder Power.

2013, Version 3

Refractive Error Training Package
Chapter 19-10




%\ BrienHolden VisionInstitute

Repeat Steps 2 and 3 until the person tells you that the circle (or letter) looks the same with
number one and number two.

o EXAMPLE:
I 5 Step 1: The person tells you that the circle (or letter) looks better with number one.
g Step 2: Rotate the axis of the cylindrical trial lens in the direction of the minus axis
of the cross cyl (when the cross cyl is in position 1).
Rotate the handle of the cross cyl so that the handle is parallel to the new
axis position of the trial lens (this is done automatically in the refractor
head).
STEP 4 Step 3: Show the person the new position 1 and position 2.
e The person tells you that position 2 is better.
You rotate the axis of the cylindrical trial lens in the direction of the
minus axis of the cross cyl (when it is in position 2).
You rotate the handle of the cross cyl to keep it parallel with the axis of
the cylindrical trial lens.
Step 4: Show the person the new position 1 and position 2.
e The person tells you that both positions seem the same.
e This means that the axis of the cylindrical trial lens in the trial frame is
correct.
You now know the exact axis of the person’s astigmatism.

You can save time (and effort) by using the logical technique of “bracketing”.

You can think of bracketing as playing a game of “guess the number” with your
friend. This is a game where your friend thinks of a number and you have to guess it.

Example:

You guess the number is 90 — your friend tells you that it is lower

You guess the number is 45 — your friend tells you that it is higher

You guess the number is 65 — your friend tells you that it is lower

You guess the number is 55 — your friend tells you that you are correct!

Do you notice that each time you guess a new number you choose one that is
halfway between the two numbers you already know? This is the most efficient way
to guess the number.

When you use bracketing to find the exact cylinder axis, you use a similar method.

EXAMPLE:

You perform an astigmatism search in a trial frame, and find an approximate axis of
90°

— you put a —0.50 DC trial lens at axis 90° into the trial frame.

You hold the handle of the cross cyl at 90° (parallel to the axis of the —0.50 DC trial

BRACKETING OF lens)

SPHERO- — the two axes of the cross cyl are now at 45° and 135°
CYLINDRICAL —  you show the person two options again.

REFRACTION The person tells you that the circle (or letter) looks better with “number one”

(when the cross cyl is positioned with its minus axis at 45°)

— you turn the trial lens axis to 65° (this is about halfway between 90° and 45°).

You now hold the handle of the cross cyl parallel to the axis of the cylindrical trial

lens (at 65°)

— the two axes of the cross cyl are now at 20° and 110°

—  you show the person two options again.

The person tells you that the circle (or letter) looks better with “number one”

(when the cross cyl is positioned with its minus axis at 20°)

— you turn the trial lens axis towards 20°, but choose a number that is between
45° and 65° (you know from before that the number is higher than 45° so you
do not turn it all the way to 20° — you just turn it in that direction)

— you turn the trial lens axis to 55° (this is halfway between 45° and 65°)

You now hold the handle of the cross cyl at 55°

(parallel to the new axis direction of the —0.50 DC trial lens)

— the two axes of the cross cyl are now at 10° and 100°

— you show the person two options again.

The person tells you that position 1 and position 2 look the same

— the axis of the trial lens in the trial frame is correct

— the axis of the person’s astigmatism is 55°.
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STEP-BY-STEP INSTRUCTIONS (cont.)

Using bracketing when refining a cylindrical axis from objective refraction results or an old prescription

In clinical practice, you will often have access to a previous prescription or results from an objective refraction (i.e.
retinoscopy or auto-refraction). In these situations, it is more efficient to ‘bracket’ the cylindrical axis in small steps
initially because you already have a good idea of where the cylindrical axis lies. The magnitude of the cylindrical power
should guide you on how much to bracket the cylindrical axis by.

The reasoning here is that objective refraction techniques become more accurate at estimating cylindrical axis with
larger cylindrical powers. Additionally, if working from an old prescription, larger cylindrical powers are less likely to
change when compared with smaller cylindrical powers. An approximate guide on how much to initially adjust the
cylindrical axis based on the cylindrical power is given in Table 19-1.

Table 19-1: Initial adjustments of cylindrical axis recommended based on cylindrical power from objective refraction
or previous refraction (adapted from Borish’s Clinical Refraction)

Cylindrical power (DC) Initial adjustment to cylindrical axis

<0.25 30°

0.50 15°

0.75 10°

1.00-1.75 5°
2.00 -2.75 3°
3.00-4.75 2°
25.00DC 1°

2013, Version 3 Refractive Error Training Package
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FINDING THE Once you have found the exact axis of a person’s astigmatism, you need to find the
CYLINDER POWER cylinder power that will correct it.

Look at the axis of the cylindrical trial lens in the trial frame or refractor head.

If using a trial frame, hold the cross cyl so that the minus axis of the cross cyl is parallel
STEP 1 to the cylindrical trial lens axis (along the same line).

If using a refractor head, turn the cross cylinder housing so that the ‘P’ position is
aligned to the small arrow at the base of the cylinder axis dial.

Ask the person: “Does the circle (or letter) look better with number one?
Or ..."

Now twist the handle of the JCC (or flip the cross cylinder in the refractor head) so that
the person is looking through the other side of the lens.

Finish your question: “....with number two? Or do they look the same?”

POSITION 1 POSITION 2

Minus axis of cross
STEP 2 cyl aligned with

axis of cylindrical
trial lens

o—

Handle is twisted
to get Position 2

Figure 19.6: Finding the power of the person’s astigmatism using a JCC

If the circle (or letter) looks better in position 1
(with the cross cyl minus axis parallel to the cylindrical trial lens axis):

— remove the cylindrical trial lens from the trial frame and replace it with a cylindrical
trial lens that is 0.25 DC “stronger” (more minus cyl; if using a refractor head, simply
increase the cylinder power by turning the cylinder power dial).

— make sure that you keep the axis of the cylindrical trial lens the same!
STEP 3 — repeat Steps 1 and 2 until the person tells you that the circle (or letter) looks the

same with number one and number two — then you have found the power of the
person’s astigmatism.

- | As mentioned previously, whenever you add —0.50 DC to a trial frame,
) ;E you must maintain the equivalent sphere by adding +0.25 D of sphere
|

."l‘- /
u’éi - power.

This is extremely important!

If you do not do it you can lose control of the accommodation.

2013, Version 3 Refractive Error Training Package
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STEP 3 (cont.)

If the circle (or letter) looks better in position 2 (with the cross cyl plus axis parallel to
cylindrical trial lens axis):

— remove the cylindrical trial lens from the trial frame, and replace it with a cylindrical
trial lens that is 0.25 DC “weaker” (less minus cyl; if using a refractor head, simply
reduce the cylinder power by turning the cylinder power dial).

make sure that you keep the axis of the cylindrical trial lens the same!

repeat Steps 1 and 2 until the person tells you that the circle (or letter) looks the
same with number one and number two — then you have found the power of the
person’s astigmatism.

%
%

If the circle (or letter) looked the same in position 1 and 2:

— the power of the cylindrical lens is correct

— you now know the power of the person’s astigmatism (cylinder power)
— goto Step 4.

If the power of the preferred cylindrical trial lens is changing back and forth

between two powers that are close together (say just 0.25 DC different):

— the exact cylinder power required probably lies somewhere between those two trial
lens powers.

— choose the “weaker” (least minus) of the two cylindrical trial lenses as the final
cylinder power.

improves.

#ga Check the VA often. You should only add cylinder power if the VA
LPf.“%" -

If the person has 0.75 DC or greater of astigmatism, it is worthwhile to recheck the axis
of astigmatism. As the power of the astigmatism is greater than 0.50 DC, the person will
be better at distinguishing small differences in axis change presented by the JCC. In
this case, return to ‘Finding the Cylinder Axis’.

STEP 4

Move the occluder from the left eye to the right eye and repeat the sphero-cyl refraction
for the left eye.

STEP 5

Proceed to +1 Test and Binocular Balance.
Ao REMEMBER!
Whenever you add —0.50 DC to a trial frame, you must maintain the
equivalent sphere by adding +0.25 D of sphere power.

This is extremely important!
If you do not do it you can lose control of the accommodation.

EXAMPLE 1

The trial frame has two lenses in front of one eye: +1.00 D and —-0.50 DC.
The other eye is occluded.

You increase the power of the cylindrical trial lens by 0.25 DC twice:
— first you change the cylindrical trial lens from —0.50 DC to —-0.75 DC
— then you change the cylindrical trial lens from —0.75 DC to —1.00 DC.

You have added a total of —0.50 DC to the trial frame, so you must also add +0.25 D of
sphere power (to maintain the equivalent sphere).

If using a trial frame:
— first put a +1.25 DS trial lens in the back of the trial frame and
— then remove the +1.00 DS trial lens.

2013, Version 3
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EXAMPLE 2

The trial frame has two lenses in front of one eye: —1.00 D and —0.50 DC.
The other eye is occluded.

You increase the power of the cylindrical trial lens by 0.25 DC twice:
— first you change the cylindrical trial lens to —0.75 DC
— then you change the cylindrical trial lens to —1.00 DC

You have added a total of —0.50 DC to the trial frame, so you must also add +0.25 D of
sphere power.

If using a trial frame, you:
— first remove the —1.00 DS trial lens, and

- then put a —0.75 DS trial lens in the back of the trial frame.
( REMEMBER!
Adding +0.25 D of sphere power is the same as:
e Increasing plus power by 0.25 D
(Example 1: +1.00 D becomes +1.25 D)
e Decreasing minus power by 0.25 D

(Example 2: -1.00 D becomes -0.75 D)

EXAMPLE 3

The trial frame has two lenses in front of one eye: +1.00 D and —-1.00 DC.
The other eye is occluded.

You decrease the power of the cylindrical trial lens by 0.25 DC twice:
— first you change the cylindrical trial lens from —1.00 DC to —0.75 DC
— then you change the cylindrical trial lens from —0.75 DC to —0.50 DC.

You have removed a total of —0.50 DC from the trial frame, so you must also remove
+0.25 D of sphere power (to maintain the equivalent sphere).

If using a trial frame, you:
— first put a +0.75 DS trial lens in the back of the trial frame, and
— then remove the +1.00 DS trial lens.

EXAMPLE 4

The trial frame has two lenses in front of one eye: —1.00 D and —1.00 DC.
The other eye is occluded.

You decrease the power of the cylindrical trial lens by 0.25 DC twice:
— first you change the cylindrical trial lens to —0.75 DC
— then you change the cylindrical trial lens to —0.50 DC.

You have removed a total of —0.50 DC from the trial frame, so you must also remove
+0.25 D of sphere power.

If using a trial frame, you:
— first remove the —1.00 DS trial lens and
— then put a —1.25 DS trial lens in the back of the trial frame.

REMEMBER!
Removing +0.25 D of sphere power is the same as:
e Decreasing plus power by 0.25 DS
(Example 3: +1.00 DS becomes +0.75 DS)
e Increasing minus power by 0.25 DS
(Example 4: -1.00 DS becomes -1.25 DS)

In the above example, if a refractor head is used equivalent sphere must still be
maintained but simply involves adjusting the power by rotating the spherical power
wheel.
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SUMMARY: SPHERO-CYLINDRICAL REFRACTION

MEASURING ASTIGMATISM

Sphero-cylindrical refraction
e Measures the amount of astigmatism that a person has, so that astigmatic lenses can be prescribed.
e You must conduct a sphero-cyl refraction if:
— pinhole visual acuity (VA) is better than best vision sphere (BVS) VA
— BVS VA is worse than 6/9.5.
e A person who has astigmatism needs a cylindrical lens that has:
— the correct cylindrical power
— the correct orientation (correct cyl axis).

Cross cylinder
e A cross cylinder (or cross cyl) is sometimes called a Jackson Crossed-Cylinder (JCC).
e Allcross cyls have two axes: a minus axis and a plus axis.

- These two axes are perpendicular (at 90°) to each other.

e The minus axis is usually marked with red or orange dots.
- The plus axis is usually marked with white or black dots.

METHOD — SPHERO-CYL REFRACTION

e There are three parts to a sphero-cyl refraction:
- astigmatism search
- finding the cylinder axis
- finding the cylinder power.

Before you begin
e Place the BVS sphere lens (or lenses) in the back cells of the trial frame (if you have an astigmatism estimate from
a previous prescription, retinoscopy or autorefraction result, this should be placed in front of the eye at the correct
axis).
e Occlude the left eye.
- Remember: always test the right eye first.
e Tell the person to look at a distant target:
- an O shape is best (that is two to three lines larger than the person’s best vision)
- aletter on the distance VA chart that is two or three lines bigger than the
smallest letters that the person can see can also be used.
e Hold the cross cyl in front of the person’s eye and tell them:

“This test will make the circle (or letter) look blurry, but | want you to tell me which is better:
one or two. You should also tell me if one and two look the same.”

FLOW CHARTS

On the following pages are flow charts that summarise the three parts of a sphero-cyl refraction:
e astigmatism search

e finding the cylinder axis

e finding the cylinder power.
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Flow Chart A: Astigmatism Search (If you have an astigmatism estimate please move to Flow Chart B).

Put the BVS trial lenses in the back cells of the trial frame.
Occlude left eye first.

v

Tell the person where to look

v

Hold the cross cyl in front of the eye and tell the person:
“This will make it look blurry, but | want you to tell me which is better: one or two”
“Also tell me if both one and two look the same.”

v

Hold the cross cyl in front of the eye and rotate it
so that the minus axis of the cross cyl is at 180°

!

“Does the circle (or letter) look better with Twist the handle of the cross cyl so that the
number one? or... minus axis of the cross cyl is now at 90°

(position 1: Cross-cyl minus axis at 180°) l

“...or with number two? Or do they look the same?”
(position 2: Cross-cyl minus axis at 90°)

!

If vision same in position 1 and 2

4
If vision better in position 1 If vision better in position 2

v !

Axis is closer to 90 °

Axis is closer to 180 °

A4

\ \ 4
Go to Flow Chart B: Find the Cylinder Axis Rotate the crass cyl so that the
minus axis is at 45°

A

“Does the circle (or letter) look better with Twist the handle of the cross cyl so that the
number one? or... minus axis of the cross cyl is now at 135°

(position 1: Cross-cyl minus axis at 45°) 7

“...or with number two? Or do they look the same?”
(position 2: Cross-cyl minus axis at 135°)

}

A
If vision better in position 1 If vision better in position 2 If vision same in position 1 and 2
I

: : I

Axis is closer to 45° Axis is closer t0135°

l l | If VA good | | If VA poor |
Go to Flow Chart B: Find the Cylinder Axis l
The person probably

has no astigmatism

Go to Flow Chart B: Find the
Cylinder Axis
(Use —0.50 DC x 180 as starting cyl)

Prescribe
BVS spheres
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Flow Chart B: Finding the Cylinder Axis

Look at the axis of the —0.50 DC starting lens in the trial frame

\ 4
Hold the handle of the cross cyl parallel to the axis of the starting trial lens

A4

“Does the circle (or letter) look better with Twist the handle of the cross cyl
number one? Or...” » so the person is looking through
(position 1) the other side of the cross cyl lens

“...or with number two? Or do they look the same?” (position 2)

A4 \4

If vision better in position 1 or 2 If vision is the same in position 1 and 2
I '
Look at the position of the minus axis when Axis of the trial lens in the
the cross cyl is in the better position trial frame is correct

\4
Rotate the trial lens so that the axis mark
moves towards the minus axis of the cross cyl
in the better position

v

Rotate the handle of the cross cyl so that it is parallel
to the new axis of the trial lens

v
Goto

Flow Chart C:
Find the Cylinder Power
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Flow Chart C: Finding the Cylinder Power

Look at the axis of the —0.50DC lens
If using a trial frame: Hold the cross-cyl so that the minus axis of the cross cyl is parallel to

this axis.

If using a refractor head: Turn the cross-cyl so that the “P” on the JCC is aligned with the
small arrow at the base of the Cylinder Axis knob, this is the position for power refinement.
Rotate the cross-cyl so that the minus axis is parallel to the axis of the —0.50DC lens

v
“Does the circle (or letter) look better with Twist the the cross cyl
number one?or...” » so the person is looking through
(position 1: Cross-cyl minus axis the other side of the cross cyl lens

parallel to the cylinder lens axis)

Y

“_..or with number two? Or do they look the same?” (position 2)

, , |

If vision better in position 1 If vision better in position 2 If vision same in
position 1 and 2
Y Y
1 Increase power of cylindrical Decrease power of cylindrical
lens by 0.25DC lens by 0.25DC
If necessary adjust sphere If necessary adjust sphere
power to maintain equivalent power to maintain equivalent
sphere sphere
If using a trial frame: If using a trial frame:
Remove previous cylindrical Remove previous cylindrical
trial lens before adding newer trial lens before adding newer
cylindrical trial lens cylindrical trial lens

Y

Have you already tried this weaker cyl lens?

A4 h 4

- L 4 No Yes
l A 4
The cylinder power required is between this weaker cyl and the Power of the
previous stronger cyl. cylinder is correct

— Choose this weaker minus cyl lens as your final cyl power
— Do not change the cyl lens again

A 4

Repeat sphero-cyl refraction
for the left eye

A 4
Go to
The +1 Test and
Binocular Balance
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TEST YOURSELF QUESTIONS

1. How do you decide whether or not to perform a sphero-cylindrical refraction after your best vision
sphere refraction?

2. What does a sphero-cylindrical refraction measure?

3. Why is it best to ask the person to look at a O shaped target when we perform the cross cyl test?
(Hint: Think about the way astigmatism distorts a person’s vision.)

4, Why is bracketing helpful?

5. If you put a —0.50 DC trial lens in the trial frame, by how much must you change the sphere?

6. If you remove a —1.00 DC trial lens from the trial frame, by how much must you change the sphere?
7. Why do you change the sphere power by 0.25 D when you change the cylinder power by 0.50 DC?

(i.e. why is it important to maintain the equivalent sphere?)
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NOTES
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