Workflow: Annotated pdf, CrossRef and tracked changes

PROOF COVER SHEET
Journal acronym: IERL
Author(s):
Roger S. Anderson
Article title:
Article no:
Enclosures:

Improving ophthalmic diagnosis in the clinic using the Moorfields Acuity Chart
1395696
1) Query sheet
2) Article proofs

Dear Author,
1. Please check these proofs carefully. It is the responsibility of the corresponding author to check these and approve
or amend them. A second proof is not normally provided. Taylor & Francis cannot be held responsible for uncorrected
errors, even if introduced during the production process. Once your corrections have been added to the article, it will be
considered ready for publication.
Please limit changes at this stage to the correction of errors. You should not make trivial changes, improve prose style,
add new material, or delete existing material at this stage. You may be charged if your corrections are excessive (we
would not expect corrections to exceed 30 changes).
For detailed guidance on how to check your proofs, please paste this address into a new browser window:
http://journalauthors.tandf.co.uk/production/checkingproofs.asp
Your PDF proof file has been enabled so that you can comment on the proof directly using Adobe Acrobat. If you wish to
do this, please save the file to your hard disk first. For further information on marking corrections using Acrobat, please
paste this address into a new browser window: http://journalauthors.tandf.co.uk/production/acrobat.asp

2. Please review the table of contributors below and confirm that the first and last names are structured correctly
and that the authors are listed in the correct order of contribution. This check is to ensure that your name will appear
correctly online and when the article is indexed.
Sequence
1

Prefix

Given name(s)

Surname

Roger S.

Anderson

Suffix

Queries are marked in the margins of the proofs, and you can also click the hyperlinks below.
Content changes made during copy-editing are shown as tracked changes. Inserted text is in red font and revisions have a
red indicator ©. Changes can also be viewed using the list comments function. To correct the proofs, you should insert or
delete text following the instructions below, but do not add comments to the existing tracked changes.

AUTHOR QUERIES
General points:
1.

2.
3.

4.

5.

6.

Permissions: You have warranted that you have secured the necessary written permission from the appropriate
copyright owner for the reproduction of any text, illustration, or other material in your article. Please see
http://journalauthors.tandf.co.uk/permissions/usingThirdPartyMaterial.asp.
Third-party content: If there is third-party content in your article, please check that the rightsholder details for
re-use are shown correctly.
Affiliation: The corresponding author is responsible for ensuring that address and email details are correct for all
the co-authors. Affiliations given in the article should be the affiliation at the time the research was conducted.
Please see http://journalauthors.tandf.co.uk/preparation/writing.asp.
Funding: Was your research for this article funded by a funding agency? If so, please insert ‘This work was
supported by <insert the name of the funding agency in full>’, followed by the grant number in square brackets
‘[grant number xxxx]’.
Supplemental data and underlying research materials: Do you wish to include the location of the underlying
research materials (e.g. data, samples or models) for your article? If so, please insert this sentence before the
reference section: ‘The underlying research materials for this article can be accessed at <full link> / description of
location [author to complete]’. If your article includes supplemental data, the link will also be provided in this
paragraph. See <http://journalauthors.tandf.co.uk/preparation/multimedia.asp> for further explanation of
supplemental data and underlying research materials.
The CrossRef database (www.crossref.org/) has been used to validate the references. Changes resulting from
mismatches are tracked in red font.

AQ1

Please provide missing City for the 1st affiliation.

AQ2

Please check whether the inserted Country for the 2nd affiliation is set correctly.

AQ3

Please check whether the inserted Keywords are correct.

AQ4

Please spell out “ETDRS” in full at first mention.

AQ5

The funding information “Moorfields Eye Charity” provided has been checked against the Open Funder Registry
and we failed to find a match. Please confirm if the Funding section is accurate and also confirm the funder
name “Moorfields Eye Charity”.

AQ6

The PubMed (http://www.ncbi.nlm.nih.gov/pubmed) and CrossRef (www.crossref.org/) databases have been
used to validate the references. Mismatches between the original manuscript and PubMed or CrossRef are
tracked in red font. Please provide a revision if the change is incorrect. Do not comment on correct changes.

AQ7

Please note that reference annotations are mandatory as per journal style. Papers of special note should be
shown as either of interest or of considerable interest to readers (identified by • and •• (single and double bullet
marks), respectively) with a short note below the corresponding references (refer previous published articles for
examples).

How to make corrections to your proofs using Adobe Acrobat/Reader
Taylor & Francis offers you a choice of options to help you make corrections to your proofs. Your PDF proof ﬁle has been
enabled so that you can mark up the proof directly using Adobe Acrobat/Reader. This is the simplest and best way for you
to ensure that your corrections will be incorporated. If you wish to do this, please follow these instructions:
1. Save the ﬁle to your hard disk.
2. Check which version of Adobe Acrobat/Reader you have on your computer. You can do this by clicking on the “Help”
tab, and then “About”.
If Adobe Reader is not installed, you can get the latest version free from http://get.adobe.com/reader/.
3. If you have Adobe Acrobat/Reader 10 or a later version, click on the “Comment” link at the right-hand side to view the
Comments pane.
4. You can then select any text and mark it up for deletion or replacement, or insert new text as needed. Please note that
these will clearly be displayed in the Comments pane and secondary annotation is not needed to draw attention to your
corrections. If you need to include new sections of text, it is also possible to add a comment to the proofs. To do this, use
the Sticky Note tool in the task bar. Please also see our FAQs here: http://journalauthors.tandf.co.uk/production/index.asp.
5. Make sure that you save the ﬁle when you close the document before uploading it to CATS using the “Upload File”
button on the online correction form. If you have more than one file, please zip them together and then upload the zip
file.
If you prefer, you can make your corrections using the CATS online correction form.
Troubleshooting
Acrobat help: http://helpx.adobe.com/acrobat.html
Reader help: http://helpx.adobe.com/reader.html
Please note that full user guides for earlier versions of these programs are available from the Adobe Help pages by
clicking on the link “Previous versions” under the “Help and tutorials” heading from the relevant link above. Commenting
functionality is available from Adobe Reader 8.0 onwards and from Adobe Acrobat 7.0 onwards.
Firefox users: Firefox’s inbuilt PDF Viewer is set to the default; please see the following for instructions on how to use this
and download the PDF to your hard drive:
http://support.mozilla.org/en-US/kb/view-pdf-files-firefox-without-downloading-them#w_using-a-pdf-reader-plugin

C/e: GR

C/e QA: GR

EXPERT REVIEW OF OPHTHALMOLOGY, 2017
https://doi.org/10.1080/17469899.2017.1395696

EDITORIAL

Improving ophthalmic diagnosis in the clinic using the Moorfields Acuity Chart
Roger S. Andersona,b
AQ1
AQ2 5

Optometry and Vision Science Research Group, School of Biomedical Sciences, Ulster University at Coleraine, N. Ireland; bNIHR Biomedical
©
Research Centre, Moorfields Eye Hospital & UCL Institute of Ophthalmology,©London, UK©
a

ARTICLE HISTORY Received 26 July 2017; accepted 17 October 2017
KEYWORDS Visual acuity; high-pass letters; age-related macular degeneration; test-retest variability; detection; recognition

AQ3

1. Introduction
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What is visual acuity? Why do we measure it? How should we
measure it?
I suspect if you were to ask these questions to a hundred
different ophthalmic professionals, you would receive a hundred different answers. Since the advent of letter acuity charts
by Snellen more than 150 years ago, their ease of understanding by patients, short test duration, and the fact that they
actually measure residual visual function mean that letter acuity
testing will likely continue to occupy a prime position in the
increasing battery of tests available to assess ocular status.
But have we done all we can to optimize the diagnostic
ability of this much-used test of visual function?

2. Background
The term acuity refers to sharpness or keenness of some kind.
The problem with this definition is that, unlike a metric such as
body weight, patients do not possess an intrinsic value for
‘acuity’ and the value is very much dependent on both the
acuity target and task.
It is well accepted that acuity values are different for grating
and letter acuity [1–3], with the number of cycles in a grating
target [4], between Snellen and logMAR acuity [5], between
Snellen and Landolt C acuity [6], and with different number of
alternative letter choices and what they are [7]. Thus, when
recording the ‘acuity’ value for a particular patient, it is essential
to indicate that it refers to acuity for a particular acuity chart
design, with any comparisons between acuity results from different charts not always being a trivial matter. This is commonly
appreciated when changing from picture optotypes to letter
optotypes in pediatric patients for example.
Thibos and Bradley [8] defined three types of acuity task,
forming different levels of an acuity pyramid. These they
successively named detection acuity, resolution acuity, and
recognition acuity. The most basic detection acuity task merely
requires the patient to determine the presence or absence of
some form of contrast against a background of the same
average luminance. This type of task is employed in acuity
tests such as preferential looking when the patient is perhaps
asked, ‘Is the target on the right or the left of the chart?’ No
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further feedback about the stimulus is required. On the other
hand, resolution acuity requires a higher level of discrimination
in that the patient must, for example, report whether the bars
of the grating are horizontal or vertical. This type of task
usually employs a small number of choices (alternatives)
between targets that are quite different from each other. The
highest level of the Thibos and Bradley pyramid, recognition
acuity, requires some form of identity determination by the
patient, usually from a larger number of alternatives, and
requiring more cognitive input in the task.
Thibos and Bradley pointed out that, in the normal visual
system, foveal acuity of all three types is largely determined by
optical factors (refractive error, diffraction, and higher order
aberrations) affecting the base layer of the pyramid (detection)
in that spatial frequencies that manage to pass through the
optics of the eye are well within the resolving power of the
retinal receptors. Only when retinal cell density declines significantly does recognition acuity switch to become dependent on neural rather than optical factors.
Thibos and Bradley point out that conventional letter acuity
charts test at the top of the pyramid (recognition) in that they
require the patient to identify the letter without any further
information about previous stages. The advantage of this is
that the test is quick, and a good performance means that the
patient’s visual system is performing well as a ‘black box.’
©
However, when acuity declines it is not possible to determine
at which level the system failed. Is it because declining optical
quality renders the contrast too low for detection, or because the
density of the retinal cells is too depleted to permit good resolution? Detection acuity may actually remain unaffected but cannot properly be measured with conventional black-on-white
letter charts because of the large difference in mean luminance
between the letters and the background. It is known that
patients with age-related macular degeneration (AMD) display
different detection and recognition thresholds [9] but we have
no way of knowing with conventional acuity charts.
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3. The Moorfields Acuity Chart
The Moorfields Acuity Chart (MAC) was initially designed to
improve the test-retest variability (TRV) that limits the clinical
monitoring ability of conventional acuity charts, both in
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normal subjects [10,11] and especially in subjects with eye
disease [9,12–14]. Because of this variability, clinical trials typically require a change of three logMAR lines (15 letters) to
indicate a significant change in visual acuity.
One factor that our group identified as a significant source of
acuity measurement variability was the hugely varying spatial
frequency content of the letters employed on conventional charts,
particularly in the low frequencies that form the basic ‘shape’ of the
letters. Thus, some letters remain easily identified by their overall
shape long after the frequency of their individual strokes, commonly considered to be five strokes per letter, has exceeded the
resolution limit [2,3]. We hypothesized that the large differences in
letter legibility owing to the differing low frequency content often
resulted in the within-line differences in legibility being greater
that the between-line differences. If we removed the low frequency content of letters they should become more equally similar
and TRV should reduce.
The MAC is the result of this idea. It employs ‘high-pass’
letters, preserving the high frequency content that forms the
‘edges’ of the letters, and removing the low frequency content
where large between-letter differences lie. The letters, constructed from black and white lines on a gra©y background of
the same mean luminance (see Figure 1), have also been
labeled ‘vanishing optotypes’ in that, for normal foveal vision,
©
the detection and recognition thresholds for these letters are
very similar and the letter is observed to disappear soon after
the recognition limit has been reached.
Interestingly, in peripheral vision, the thresholds display
very different detection and recognition thresholds [15]

Figure 1. Appearance of the Moorfields Acuity Chart.

because recognition acuity outside the fovea is known to be
determined by the previously mentioned lower retinal sam©
pling density, rather than optical quality [16–18].
The MAC has been shown to not only reduce TRV over ETDRS
charts [7,19] but also to possess higher sensitivity to early AMD [9].
©
© ©
Based on a retinal sampling simulation, Shah et al. [9] proposed
that this is because recognition of the high-pass letters is more
vulnerable to cell drop out than conventional black-on-white letters. Interestingly, the same simulation showed that cell undersampling resulted in the letters remaining detectable long after
they could no longer be recognized. The same study found that, as
AMD progressed, the letters no longer displayed equal detection
and recognition acuity but recognition acuity fell sharply while
detection remained much more stable. This means that, for these
letters, foveal vision in early AMD becomes more like peripheral
vision which is known to be limited by retinal cell sampling density.
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4. Discussion
So, what is the clinical relevance of these observations? For too
long conventional visual acuity has acted as a ‘one size fits all’ test
of functional vision, with little or no diagnostic ability in and of
itself. Acuity using conventional letters is affected by both neural 135
and optical losses of vision to differing degrees depending on the
condition and its stage of development. This limits the diagnostic
ability of the test in early stage disease and its power to differentiate the various factors contributing to loss of function. The
©MAC has been shown to display better repeatability and high 140
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sensitivity to conditions like early AMD but it may also hold
potential to improve the separation of neural and optical losses
of vision in a way that is quick and easy for the patient to understand. Modern number-of-letters scoring methods could be
employed to separately measure the detection and recognition
components of Bradley and Thibos’ acuity pyramid. In the former
the patient is asked to count the number of letters s\he can ‘see.’©In
the latter s\he is asked to (more conventionally) read the letters
until errors are made. The ratio of ‘letters read’ to ‘letter detected’
is an indicator of the extent to which ‘acuity’ is limited at the
optical contrast detection stage rather than the neural resolution
stage. A normal visual system should display a ratio close to 1. A
©
patient with early AMD would display a ratio significantly lower
than 1. As disease progresses further both values may suffer more
©
equally and the ratio change yet again. Patients with diseases that
cause loss of contrast in the neural image (e.g. optic neuritis) may
display a parallel decline in both measures indicating that recognition acuity is limited by the lower contrast detection base of the
pyramid. Future electronic versions of the chart may better facilitate the separate measurement of these different thresholds and
subsequent scoring, and this is under development.
Visual acuity measurement shows no signs of declining as a
functional test of vision. It is perhaps time we sought to better
exploit its diagnostic potential in the interests of better patient
management.
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