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Abstract

Purpose
examine the effect of the off axis retinoscopy

The objective of this study was to

on objective central refractive measurement in
adult clinical practice.

Methods 1In all, 40 subjects underwent
undilated retinoscopy in a randomly selected
eye both on and off the visual axis by a single
masked examiner. Off axis retinoscopy was
defined as retinoscopy performed with the
testing eye of the examiner aligned with the
contralateral (non-test) eye of the subject
resulting in an off axis deviation in the nasal
horizontal visual field. Retinoscopy was
performed in negative cylinder only and
spherocylindrical measurements were converted
to power vectors for analysis. Paired t-test was
used to assess differences in M, J, and J,5 power
vectors including differences between mean
aided and unaided LogMar acuities.

Results 1In all, 14 subjects were myopic
(SE<—0.5D), 13 subjects were emmetropic (SE
between —0.49 and 1.0 D) and 13 subjects were
hyperopic (SE >1.0 D). Mean angle of
deviation was 5.58° in the nasal horizontal
visual field. J, showed a significant negative
shift in those with myopia (P<0.001) and
emmetropia (P = 0.049) following off axis
retinoscopy. No significant differences in M,
Jo and J45s were found in the hyperopes. Mean
aided LogMar acuities after on and off axis
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retinoscopy were both significantly better than
mean unaided LogMar VA (P <0.001 in

both cases).

Conclusion Small degrees of off axis
retinoscopy encountered in everyday clinical
practice can induce errors in objective central
refractive measurement.
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Introduction

Retinoscopy is an important part of objective
refractive measurement. Traditional teaching is
that on the visual axis retinoscopy should be
performed to obtain accurate measurements.'
The object of this study was to examine the
effect of off the visual axis retinoscopy on
objective central refractive measurement in
routine adult clinical practice.

Materials and methods

Informed consent was obtained from all study
subjects and the project was approved by the
Charing Cross Research Ethics Committee.
Inclusion criteria were adults with refractive
errors and good red reflexes assessed with a pen
torch. Exclusion criteria included children,
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non-English speakers and vulnerable groups. A total

of 40 subjects, either patients or their accompanying
relatives or hospital staff, were recruited from within the
ophthalmology clinic. Each subject was provided with an
information leaflet regarding the study and given
sufficient time to give informed consent.

Each subject underwent undilated retinoscopy in a
randomly selected eye by a single observer (LM) both on
and off the visual axis in an examination room with
uniform lighting. On the visual axis retinoscopy was
performed first followed by off the visual axis
retinoscopy with the examining observer leaving the
room in between retinoscopy tests. This was performed
to ensure that the examining observer was masked to the
results of each retinoscopy trial. Steady fixation was
achieved with the help of a distant target at 6 m. The
non-test eye was fogged with a plus lens to reduce
involuntary accommodation. A second observer (ET),
acting on the instructions of the examining observer, was
responsible for the placement of lenses in the trial frame
for the neutralization of the retinoscopic reflex. This was
performed in a manner such that the examining observer
was masked to the power of the selected lenses.
Retinoscopy was performed in negative cylinder only.
Off axis retinoscopy was defined as retinoscopy
performed with the testing eye of the observer aligned
with the contralateral (non-test) eye of the subject
resulting in an off axis deviation in the nasal horizontal
field (Figure 1). A constant retinoscopic working distance
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of 66 cm was used. The visual acuity (unaided and
pinhole), interpupillary distance and past ocular history
were recorded in each case. The angle of deviation (o)
was calculated with the formula tan o =interpupillary
distance in mm/working distance in mm.

The spherical and cylindrical refractive errors obtained
from retinoscopy were converted to power vectors
according to the equations:?

M = S(sphere) + C(cylinder)/2
Jo = —(C/2) cos (20)
Jis = —(C/2) sin (20)

Power vectors are the geometrical representation of
spherocylindrical refractive errors, where M is the
spherical equivalent, J, and J45 are the powers of the two
Jackson crossed cylinders at axes 0° and 45°, respectively,
and 0 is the cylindrical axis. Subjects were divided into
refractive status according to spherical equivalent (SE)
obtained following on axis retinoscopy: myopia (SE
<—0.5D), emmetropia (SE between 0.49 and 1.0 D) and
hyperopia (SE >1.0D). Paired t-test was used to assess
the differences in M, J, and J,5 obtained on and off the
visual axis in each refractive group and also the
differences between mean aided LogMar acuities
following on and off axis retinoscopy and mean unaided
LogMar acuities. Statistical analysis was performed with
software SPSS (PASW Statistics 17, SPSS Inc., Chicago, IL,
USA). Statistical significance was set at P <0.05.

Figure1 The examiner is using her left eye (which is aligned with the left eye of the patient, as shown by the white axis) to perform
retinoscopy on the right eye of the patient (red axis) resulting in a small off the visual axis error in the nasal horizontal field. The left

eye of the patient has been fogged with a plus lens.
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Results

A total of 40 subjects completed the study. A total of 20
right eyes and 20 left eyes underwent testing. There were
26 males and 14 females. In all, 14 subjects were myopic,
13 emmetropic and 13 hyperopic. Eight subjects had
cataracts, four subjects were high myopes, one subject had
narrow angle glaucoma, two subjects were pseudophakes,
two subjects had age-related macular degeneration and one
subject had pigment dispersion syndrome.

The mean age was 58.27 (range: 23-90) years and the
mean interpupillary distance was 64.67 (range: 55-72)
mm. Mean angle of deviation (x) was 5.58° (range:
4.76-6.23) in the nasal horizontal visual field.

The mean aided LogMar visual acuities (VA) after
on and off the visual axis retinoscopy were both
significantly better than mean unaided LogMar VA (0.11
vs 0.50, P<0.001; 0.10 vs 0.50, P <0.001, respectively).
There was no difference between mean aided LogMar VA
after on and off the visual axis retinoscopy (0.11 vs 0.10,
P =0.91). Mean astigmatic vector ], showed a significant
negative shift in those with myopia (P <0.001) and
emmetropia (P =0.049) following off axis retinoscopy. No
significant differences in M, J, and J4s were found in
those with hyperopia. The distributions of M, J, and J4s in
each refractive group following on and off axis
retinoscopy are shown in Table 1.

Discussion

In practical terms, retinoscopy is frequently performed
slightly off the visual axis and there are situations in which
on the visual axis retinoscopy is difficult or even
impossible. These include retinoscopy in uncooperative
children or when the subject has been anaesthetized. There
has been little research on the effects of off the visual axis
retinoscopy on objective central refractive measurement in
adults in the clinical setting in recent years.

Rempt et al®> was the first to perform eccentric
retinoscopy and introduced the skiagram to categorize
different peripheral refractive error patterns. Ferree et al*
in 1931 measured peripheral refraction with the Zeiss
parallax refractometer (Carl Zeiss, Jena, Germany),
which is an accurate but cumbersome device. Later
studies either used a theoretical model® or measured
peripheral refraction at large angles of eccentricity (from
20°) that are unlikely to be encountered in everyday
practice.>>® A number of these studies also conducted
eccentric retinoscopy under cycloplegia®®” making
comparisons with routine adult clinical examination
(usually undilated retinoscopy) difficult. These studies
were aimed at determining peripheral refraction and
their findings do not actually address the effect of off the
visual axis testing on the accuracy of objective central
refractive measurement.

Jackson et al® examined off the visual axis retinoscopy
in eight adults (spherical equivalent < +£2.5D) who had
undergone cycloplegia. Degrees of eccentricity of up to
20° along the temporal horizontal field were examined
and he found a myopic shift of 5% in spherical
equivalent and an increase in cylindrical power of 3% for
every degree of eccentricity. As eccentric retinoscopy is
thought to produce a hyperopic refractive shift”°
because of the peripheral corneal flattening and testing
along the shorter, off the visual axis, axial length,"" he
cited previous work on intraocular lenses showing the
induction of myopic and astigmatic errors when light
strikes a lens obliquely'* to support his findings.

A subsequent study examining refraction across the
central 10° of the horizontal visual field in dilated
subjects with a Hartmann-Shack wavefront sensor found
a maximum change of 0.5 D in mean sphere,"® supporting
Jackson’s findings of retinoscopic changes occurring
within a few degrees of central fixation.

There has been recent interest in the role peripheral
refraction on the development of central refractive error.

Table 1 M, ], and J,s for the different refractive groups following on and off the visual axis retinoscopy

Refractive status Power vectors

P-value
(paired t-test)

On the visual axis Off the visual axis

Mean (SD) Mean (SD)

Myopia (SE <—0.50D) M —3.34 (2.76) —3.28 (2.73) 0.068
Jo 0.05 (0.16) —0.23 (0.30) <0.001°
Jus 0.06 (0.17) —0.03 (0.35) 0.36

Emmetropia (SE between —0.49 and 1.0D) M 0.17 (0.37) —0.17 (0.64) 0.08
Jo —0.16 (0.57) —0.40 (0.47) 0.049°
Tus ~0.09 (0.15) —0.18 (0.47) 0.51

Hyperopia (SE>1.0D) M 2.34 (1.32) 245 (1.43) 0.50
Jo —0.30 (0.34) —0.39 (0.33) 0.16
Tus 0.04 (0.23) —0.06 (0.34) 0.40

“Denotes statistical significance.
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Hoogerheide et al'* in 1971 was the first to observe
relative peripheral hyperopia in pilots who later
developed myopia. Subsequent studies by Mutti et al'
and Sng et al'® have also shown relative peripheral
hyperopia in myopic individuals and relative peripheral
myopia in emmetropic and hyperopic individuals.
Peripheral refraction profiles may differ in the
horizontal and vertical visual fields. Atchison et a
found peripheral myopic shifts in emmetropes and
hyperopic shifts in myopes for M along the horizontal

l17

visual field using a Shin Nippon SRW-5000 autorefractor
(Ajinomoto Trading Inc., Tokyo, Japan) in a cohort of 116
undilated subjects. Along the vertical visual field,
however, both groups showed myopic shifts in M. With
regards Jo, positive refraction shifts occurred along the
vertical visual field and negative refraction shifts
occurred along the horizontal visual field.'” A linear
relationship between J,5 and visual field angle was found
along both horizontal and vertical visual fields with
positive refraction shifts occurring along the superior
and nasal visual fields and negative refraction shifts
occurring along the inferior and temporal visual fields."”

As cycloplegia is not routinely induced in adults
undergoing refraction, it was our aim to mimic clinical
practice by examining the effect of off the visual axis
retinoscopy without cycloplegia. We defined off the
visual axis retinoscopy as retinoscopy performed with
the testing eye of the examiner aligned with the
contralateral (non-test) eye of the subject. In practical
terms, this occurs when a retinoscopist uses the same eye
to examine both eyes of the subject without changing
seating position and is probably the most commonly
encountered ‘bad habit” in clinical practice. This results
in a mean angle of eccentricity of 5.58° in the nasal
direction along the horizontal visual field, which
although small, is much more likely to be encountered
than the larger angles of eccentricity assessed in other
studies.

We found significant changes in J, following off axis
retinoscopy in subjects with myopia and emmetropia.
These findings are supported by the work of Atchison
et al,’” in which negative shifts in J, were found along the
horizontal visual field up to 35° of eccentricity in myopic
and emmetropic subjects. We did not find any change in
M and J4s perhaps because of the small angle of
eccentricity tested or the lower resolution of the
retinoscopy technique compared with that of an
autorefractor. In addition, J45 changes in the periphery
of emmetropes have been shown to be much smaller than
Jo changes'® making them harder to measure.

We did not find any significant change in M, Jo and Jus
following off axis retinoscopy in our hyperopic subjects.
There is little published data in this area and a previous
study found a myopic shift in M into the nasal field in
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four of six hyperopic subjects with an increase in J, in the
periphery.'®

The order of retinoscopy in each subject was not
randomized, but we do not feel that this introduced any
significant order effect. We also did not measure pupil
size and were unable to correlate pupil size with the error
induced. However, all subjects had retinoscopy
performed under uniform lighting conditions and we did

not

observe any pupils significantly outside the 2-4 mm

range.

In conclusion, our study confirms the traditionally
held belief that off the visual axis retinoscopy induces
errors in objective central refractive measurement.
Although these small errors are usually eliminated
following subjective refraction, it is still good clinical

practice to perform retinoscopy as close to the visual axis
whenever possible.

Summary

What was known before

Traditional teaching is that retinoscopy should be
performed on the visual axis for accurate results.
However, there are no recent studies that mimic actual
adult clinical practice to verify this assumption. Previous
studies have either used autorefractors, cycloplegia or
tested angles of eccentricity that are too large to occur in
real life.

What this study adds

This is the first study to assess the effect of off axis
retinoscopy on objective central refractive assessment in
undilated adults. It shows that the most common error
committed by retinoscopists (ie, using the same eye to
perform retinoscopy on both subject’s eyes from the same
seated position) results in a small angle of eccentricity,
which still leads to a significant error in objective central
refractive measurement.
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