
The effect of luminance on visual acuity with Fresnel prisms

RACHEL KNIGHT BMedSci (Orthoptics) AND HELEN J. GRIFFITHS PhD DBO

Academic Unit of Ophthalmology and Orthoptics, School of Medicine and Biomedical Sciences,
The University of Sheffield, Sheffield

Abstract

Aim: To investigate and compare the effect of Fresnel
prisms on visual acuity in photopic and mesopic
conditions.
Methods: Twelve participants aged between 18 and 26
years were recruited who had good visual acuity and
normal binocular single vision. Monocular visual
acuity was measured with three strengths of base-out
Fresnel prisms (5D, 15D, 30D) and without a Fresnel
prism. The right eye was tested in all participants.
This was assessed at 60 cd/m2 and 1 cd/m2. Partici-
pants adapted to 1 cd/m2 for 5 min before being
tested at this luminance, and those tested at 1 cd/m2

first were allowed to adapt to normal room lighting
(60 cd/m2) for 2 min before being tested at this level
of lighting.
Results: A two-factor analysis of variance (ANOVA)
revealed that both increased Fresnel prism strength
(F11,3 ¼ 204.762, p< 0.0001) and luminance (F11,1 ¼
343.303, p< 0.0001) significantly reduced visual
acuity. There was no interaction between prism
strength and lighting condition. The reduction in
visual acuity in mesopic conditions was approxi-
mately 0.2 logMAR with all prism strengths.
Conclusions: Fresnel prisms reduce visual acuity in
photopic conditions and lowering luminance to a
mesopic level reduces visual acuity further. When
a Fresnel prism is worn in mesopic conditions a
cumulative effect is seen on the extent that visual
acuity is reduced with all prism strengths. This
should be considered when deciding whether to fit the
prism monocularly or binocularly, and advice should
be given to the patient about changing driving habits
accordingly.
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Introduction

Fresnel prisms are regularly used in orthoptic depart-
ments as a form of treatment to relieve diplopia and as a
pre-operative tool to assess the effects of ocular
alignment. However, it has been well documented that
Fresnel prisms degrade the visual functions of the

wearer;1–9 in particular there is a relationship between
increased Fresnel prism strength and decreased visual
acuity and contrast sensitivity.
Driving is a highly skilled activity that requires a good

level of visual acuity to perform safely. The vision
required for driving a car legally is to be able to read in
good light (with the aid of glasses or contact lenses if
worn) a registration mark fixed to a motor vehicle and
containing letters and figures 79 mm high and 57 mm
wide (i.e. the font used before 1 September 2001) at a
distance of 20.5 m or at a distance of 20 m where the
characters are 50 mm wide (i.e. the font used after 1
September 2001), which many practitioners take as
between 6/9 and 6/12 Snellen visual acuity.10 However,
if a Fresnel prism is worn, visual acuity may be degraded
to below this level in lower luminance. This may be
particularly true when driving at night, when luminance
is in the mesopic range (1 cd/m2).11 It is well known
that by lowering luminance, visual functions are
degraded,12–16 which can cause reaction times to
increase and make driving more dangerous.17–20

Methods

Participants

Twelve participants aged between 18 and 26 years were
recruited from the student population of the University
of Sheffield. All participants were given a verbal and
written explanation of the experimental procedures and
informed consent was obtained. Testing was monocular,
with the left eye occluded. Inclusion criteria included:
visual acuity of 0.00 logMAR (6/6 Snellen equivalent) or
better using a logMAR chart at 3 m, no manifest
deviation, and (due to the use of plano glasses in the
experiment) correction of any refractive errors with
contact lenses.

Procedure

Four pairs of plano glasses were used. In advance, 3M
Press-On Fresnel prisms21 of strength 5 prism dioptres
(D), 15D and 30D were fitted in a base-out direction onto
the right lens of three pairs of plano glasses, with the left
lens occluded with an occlusive patch. On the fourth pair
of plano glasses the left lens was occluded with an
occlusive patch but no prism was fitted to the right lens.
Visual acuity was measured using an ETDRS

logMAR letter chart, set at 3 m with two configurations
of letters,22 which were alternated to prevent the
participant remembering the letters. The letter chart had
the ability to be illuminated from within, behind the
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letters; this light remained off during the experiment but
was turned on during the visual acuity measurement
when determining whether the patient fitted the inclu-
sion criteria. Under photopic conditions (60 cd/m2), the
normal room lighting was left on. Under mesopic condi-
tions (1 cd/m2), the light source of a lamp with a rheostat
was placed behind a screen to prevent glare,23 and the
general room lighting was turned off. A spot photometer
was used to measure the luminance of the letter chart at
each lighting condition. Three readings were taken,
including a measurement from the top and bottom of
each chart, resulting in a mode luminance of 1.0 cd/m2

for the mesopic condition and 60 cd/m2 for the photopic
condition. There was never more than � 0.07 cd/m2

variation in luminance measured between the top and the
bottom of the chart.
The experiment was a repeated measures design,

where visual acuity was measured in each of the four
viewing conditions (plano, 5D, 15D and 30D), in both
photopic (60 cd/m2) and mesopic (1 cd/m2) lighting
conditions. Each of the prism viewing conditions was
presented in a random order and the order of lighting
condition was alternated between participants. All
participants were ‘dark adapted’ to 1 cd/m2 for 5 min 23

before testing at this luminance. Participants who
underwent testing in mesopic conditions first were also
allowed to ‘light adapt’ to 60 cd/m2 for 2 min 24 before
testing at this luminance. During the testing, including
the adaptation periods, external influences such as music
and mobile phones were not allowed, to prevent any
effect on the participant’s performance.
When testing visual acuity, participants were in-

structed to start reading the chart at the acuity at which
the smallest line of letters was visible. Each error was
recorded and participants were asked to attempt to read
the line of letters below. If the participant achieved
fewer than 3 letters of a line correctly, the following line
was not attempted. Visual acuities were scored using a
letter-by-letter scoring system where each letter was
worth 0.02 logMAR.

Results

The results for each participant are shown in Table 1.
The effect of Fresnel prisms on visual acuity in photopic

and mesopic conditions for the 12 participants can be
seen in Fig. 1. Mean data for each luminance with each
prism strength are shown, demonstrating a reduction in
visual acuity with Fresnel prisms compared with visual
acuity without prisms. This can be seen for both
photopic and mesopic conditions. The reduction in
visual acuity due to the reduction in lighting was on
average 0.2 logMAR at all prism strengths.
A two-factor repeated measures ANOVA (where the

factors were light condition and prism strength) showed
that both lighting and prism strength cause a highly
significant reduction in visual acuity (lighting: F11,1 ¼
343.303, p< 0.0001; prism strength: F11,3 ¼ 204.762,
p< 0.0001). No interactions were seen between these
factors.
Paired t-tests showed that even the 5D prism signi-

ficantly degraded visual acuity in photopic conditions
( p¼ 0.00025, t¼ 5.294) and mesopic conditions ( p¼
0.0063, t¼ 3.362).

Discussion

The results of the study show a progressive decline in
visual acuity with increasing prism strength, and visual
acuity was further reduced by the reduction in luminance
(Fig. 1). Although a variation between patients was seen
in the difference in visual acuity between the two
luminance levels, the average difference was similar
with all prism strengths, at approximately 0.2 logMAR.
The difference between the average visual acuity in
mesopic and photopic conditions with no prism was
0.242 logMAR and the difference between the average
visual acuity in mesopic and photopic conditions with
the 30D prism was 0.172 logMAR. Similar differences
were seen with the 5D and 15D prisms. The results from
this study showed a linear relationship between increas-
ing prism strength and decreasing visual acuity in both
mesopic and photopic conditions (Fig. 1).
When analysing the results some variations in

response to Fresnel prisms were found between partici-
pants. For 2 of the participants (participants 6 and 10) the
same or better visual acuity was found with the 30D

prism in mesopic lighting and photopic lighting (see
Table 1). Some participants achieved the same or better
visual acuities with higher strength prisms as other

Table 1. Individual participants’ visual acuity in photopic and mesopic conditions with each Fresnel prism strength

Photopic Mesopic

Participant 0 5D 15D 30D 0 5D 15D 30D

1 �0.06 0.06 0.24 0.56 0.26 0.3 0.4 0.76
2 0 0.18 0.4 0.54 0.14 0.46 0.52 0.86
3 �0.1 0.08 0.22 0.5 0.1 0.22 0.36 0.7
4 �0.1 0.08 0.2 0.4 0.16 0.1 0.32 0.58
5 �0.14 �0.1 0.26 0.44 0.04 0.3 0.34 0.78
6 0.02 0.02 0.34 0.76 0.16 0.24 0.52 0.76
7 �0.08 0.04 0.2 0.66 0.2 0.32 0.44 0.78
8 0 0.1 0.18 0.48 0.26 0.3 0.48 0.6
9 0.04 0.08 0.3 0.4 0.26 0.24 0.5 0.66
10 0 0.08 0.34 0.62 0.32 0.44 0.5 0.6
11 0.04 0.1 0.3 0.62 0.26 0.34 0.58 0.7
12 0.08 0.12 0.34 0.46 0.26 0.4 0.66 0.72
Mean �0.025 0.07 0.277 0.537 0.202 0.305 0.468 0.708
SD 0.069 0.067 0.070 0.112 0.082 0.100 0.101 0.086
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participants got with lower prism strengths. For example,
in photopic conditions, participant 2 scored the same
visual acuity (0.4 logMAR) with the 15D prism as parti-
cipants 4 and 9 scored with the 30D prism. In mesopic
conditions, participants 4 and 9 scored a better visual
acuity with the 5D prism compared with no prism, acuity
increasing by a maximum of 0.04 logMAR (see Table 1).
However, this variation could have been due to the order
of prism strength presentation.
It is taken that the required level of acuity for driving

equates to between 0.2 and 0.3 logMAR.10 In photopic
conditions, participants 2, 6, 10 and 12 had a visual
acuity of worse than 0.3 logMAR with a 15D Fresnel
prism, and with the 30D Fresnel prism visual acuity was
degraded to below this level in every participant. In
comparison, in mesopic conditions with no Fresnel prism
only participant 10 had a visual acuity of worse than
0.3 logMAR. With the 5D prism in mesopic conditions
participants 2, 7, 10, 11 and 12 did not meet this
standard.
The results from this study indicate that, in mesopic

conditions, any addition of a Fresnel prism of 5D or
larger can reduce visual acuity to below the driving
standard, potentially making night driving more danger-
ous. Orthoptists should therefore consider this before
deciding to fit Fresnel prisms of 5D or greater
binocularly, and consider the visual acuity of the fellow
eye.
In this study all patients had a visual acuity of

0.0 logMAR or better; however, patients being seen in
the Orthoptic Department who require a Fresnel prism
often have reduced vision in one or both eyes. For
example, patients with thyroid orbitopathy can have
reduced visual acuity due to optic nerve compression. It
is therefore also important to think about the baseline
visual acuity of both eyes when deciding which eye to fit
the Fresnel prism in front of, and when advising the
patient, particularly as regards their driving suitability.

Conclusion

This study shows that by decreasing lighting conditions
to mesopic levels, visual acuity is reduced, and with
increasing Fresnel prism strength visual acuity is further
significantly reduced. As night driving luminance levels
are in the mesopic range (1 cd/m2), it is advisable to fit a
Fresnel prism of greater than 5D monocularly, and if
a Fresnel larger than this is being fitted binocularly it is
important to warn patients that their vision will be
reduced. It may also be necessary to measure the
patient’s visual acuity in both photopic and mesopic
conditions with the Fresnel prism and, if the patient is a
driver, to advise accordingly, particularly if the Fresnel
prisms are fitted binocularly.
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