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IMPORTANCE There is substantial socioeconomic and individual burden from uncorrected
refractive error (URE) and chronic ocular disease. Understanding the association of visual
acuity (VA) reduction with URE and the adults most likely to benefit from refraction may help
support clinical decision-making in ophthalmologic care and maximize patient outcomes.

OBJECTIVES To assess the magnitude of VA improvement associated with URE among adults
under ophthalmic care who obtain low vision rehabilitation (LVR) services and identify the
characteristics of the patients who are most likely to experience improvement.

DESIGN, SETTING, AND PARTICIPANTS This retrospective case series assessed patients 20 years
or older who were new to the LVR clinics from August 1, 2013, to December 31, 2015, and who
had habitual VA between 20/40 and counting fingers (not including) and underwent
refraction. Data analysis was performed from April 4, 2018, to December 20, 2019.

EXPOSURES Patient demographics and clinical data, including habitual and refraction VA,
refraction, and disease diagnosis. Habitual VA was categorized as mild (VA worse than 20/40
and at least 20/60), moderate (VA worse than 20/60 and better than 20/200), severe (VA
20/200 or worse and better than 20/500), and profound (VA 20/500 or worse) vision
impairment (VI).

MAIN OUTCOMES AND MEASURES At least 2-line VA improvement and any VA improvement
(�1-line) by refraction.

RESULTS Among the 2923 patients new to LVR clinics, 1773 (mean [SD] age, 70 [18.2] years;
1069 [60.3%] female) were included in these analyses. The mean habitual VA was 20/100
(mean [SD], 0.67 [0.36] logMAR). At least 2-line improvement was observed in 493 patients
(27.8%), and any VA improvement was seen in 1023 patients (57.7%). At least 2-line
improvement was observed in 54 patients (34.8%) with corneal disorders and was more
likely seen among patients aged 40 to <65 years compared with those aged 20 to <40 years
(odds ratio [OR], 1.57; 95% CI, 1.02–2.41), African American patients compared with white
patients (OR, 1.41; 95% CI, 1.08-1.85), or patients with moderate VI compared with mild VI
(OR, 1.36; 95% CI, 1.07-1.72).

CONCLUSIONS AND RELEVANCE The findings suggest that URE is prevalent among patients
with ocular disease and accessing LVR and that refractive evaluation should be considered for
patients with ocular disease and reduced VA, especially working-age adults aged 40 to <65
years, African American patients, and those with moderate VI.
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U ncorrected refractive error (URE) is the leading cause
of vision impairment (VI) worldwide.1,2 People with
URE and VI experience increased challenges with ev-

eryday living, such as slower walking speed, worse balance ca-
pacity, problems reading, and difficulty seeing faces.3-6 There
is evidence that correcting refractive error is associated with im-
proved quality of life and decreased symptoms of depression.7,8

Thus, many public health endeavors and leading opinions9 have
emphasized the importance of measuring and treating URE
given that simple and relatively low-cost treatment brings gains
in quality of life.10,11

Much of the work12-14 on URE has focused on identifying its
magnitude and determinants in the general population. Many
of these studies12,15 defined worse than 20/40 visual acuity (VA)
as VI and included populations with VA distributions skewed to-
ward the near-normal levels. A recent population-based study16

among older adults in France with a mean age of 84 years high-
lighted the unexpected finding of high rates of URE (range, 35%-
44%), defined as at least a 1-line improvement of the present-
ing distance VA in the better eye when using the best optical
correction, in patients with ocular disease compared with 2% to
24% in previous population-based studies.12-14,17 The authors
suggest that URE may be overlooked by the treating ophthal-
mologist because the focus is on medical management in pa-
tients with reduced VA and concurrent ocular disease.16 For the
current analysis, URE references refractive error that may be
associated with an absent, incorrect, or outdated correction.

Sunness et al18 were among the first to examine the impor-
tance of URE in a group of patients new to low vision (LV) clin-
ics with identified eye disease and found that 11% of the 739 pa-
tients had at least 2-line VA improvement after refraction. In
patients with chronic VA loss who are accessing LV care, it is par-
ticularly important to maximize optical correction because bet-
ter VA is associated with greater visual ability and a reduced de-
mand for magnification.19,20 In contrast to rehabilitation
intervention, which focuses on improvement at the task level,
improving VA in a patient with concurrent ocular disease has
the potential to improve a person’s ability across all activities
and, thus, is more restorative and potentially more meaning-
ful. In addition, understanding the effects of refractive correc-
tion alone in patients with ocular disease may modify man-
agement and VA outcome expectations of medical and
surgical interventions and when examining retrospective VA
data in clinical research.

We conducted a comprehensive evaluation of the asso-
ciation of refraction with changes in VA in adult patients new
to LV clinics in a large academic medical center. In this analy-
sis, we examined changes in VA and describe age and racial/
ethnic characteristics among all new patients seeking low vi-
sion rehabilitation (LVR) services at multiple clinic sites
examined by multiple physicians.

Methods
Study Design and Population
In this retrospective case series, we extracted patient data from
the Johns Hopkins Hospital electronic health record (EHR) sys-

tem Epic. All patients with at least 1 completed LV office visit
at the Wilmer Eye Institute from August 1, 2013, to December
31, 2015, were identified. Data analysis was performed from
April 4, 2018, to December 20, 2019. The study was approved
by the Johns Hopkins University School of Medicine institu-
tional review board with an informed consent waiver. There
was minimal risk because the project only collected existing
EHR data. In addition, this research was conducted with a
waiver of informed consent because there was no direct pa-
tient contact and all data were deidentified.

Patients were defined as new if they had no previous LV
clinic visit within the past 3 years. Patients were excluded if
they (1) were younger than 20 years (because their refrac-
tive profiles may differ from those of older patients), (2) had
habitual VA (HVA) of 20/40 or better or counting fingers (CF)
or worse, and (3) had not undergone refraction (Figure 1).
These patients had less potential to yield 2-line VA improve-
ment after refraction (primary study outcome), were less
likely to have refraction performed, or were likely to have
less reliable change because the stimuli were not standard-
ized (eg, CF) or did not involve measurement of the angular
size of critical detail (eg, light perception). LVR services

Figure 1. Electronic Health Record (EHR) Data Extraction
and Analytic Process

3867 Patients with at least 1 clinic visit to the low vision
clinics at Wilmer Eye Institute from
August 1, 2013, to December 31, 2015

2923 New patients to the low vision clinics

1773 Analytic population

1150 Excludeda

112 Age <20 y  

435 No refraction performed

762 HVA ≥20/40
68 HVA CF or worse

The analytic sample included the initial encounter of 1773 eligible patients from
August 1, 2013, to December 31, 2015. CF indicates counting fingers;
HVA, habitual visual acuity.
a More than 1 exclusion criterion may be applicable to an individual; the number

of patients excluded was less than the total number of patients under each
exclusion criterion.

Key Points
Question What is the association of visual acuity improvement
and uncorrected refractive error in patients with ocular disease
who are new to low vision clinics?

Findings In this cases series, 27.8% of patients with mean visual
acuity of 20/100 had at least 2-line acuity improvement; this
finding was more likely seen in working-age adults aged 40 to <65
years, African American patients, or those with moderate vision
impairment.

Meaning The findings suggest that refractive evaluation should
be emphasized in patients under care for ocular disease.
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were provided by 6 specialists (J.E.G. and others) in the
main urban hospital center (East Baltimore, Maryland) and
4 suburban satellite clinics.

Demographic and Clinic Encounter Information
Refraction was performed during patients’ initial office vis-
its by an LVR specialist (J.E.G. and others). Clinic visit infor-
mation extracted from their first LV visit during the study
period included service date and location (urban hospital or
suburban clinic). Demographic information included (1)
date of birth, (2) sex, (3) race (white, African American, or
other), and (4) ethnicity (Hispanic or not Hispanic). Age was
grouped into (1) 20 to younger than 40 years, (2) 40 to
younger than 65 years, (3) 65 to younger than 80 years, and
(4) 80 years or older.

VA and Ocular Disease Diagnosis
Distance VA data from the following EHR fields were included
for analysis: right and left eye uncorrected, corrected, and mani-
fest refraction and binocular uncorrected and corrected. HVA
was defined as the best of the uncorrected and corrected VA be-
fore refraction and grouped into 4 categories: (1) mild VI (HVA
worse than 20/40 and at least 20/60), (2) moderate VI (HVA
worse than 20/60 and better than 20/200), (3) severe VI (HVA
20/200 or worse and better than 20/500), and (4) profound VI
(HVA 20/500 or worse). Manifest refraction VA was generated
using the same approach. All VA measures in fraction form were
converted into logMAR values.

VA improvement from refraction was determined by the
difference between HVA and manifest refraction VA on eye
and person levels, and each 0.1-logMAR decrease was
equivalent to 1-line improvement on the VA chart. Improve-
ment by line was categorized as 1 line, 2 lines, 3 lines, and 4
lines or more. Any VA improvement was defined as at least
1-line improvement. Considering test retest variability in VA
measurement,21,22 the primary analysis outcome was
defined as at least 2-line VA improvement, consistent with a
previous clinical trial.23 Although acceptable for clinical
use, our analyses did not evaluate partial lines read because
letters gained or lost is not consistently recorded as part of
routine VA documentation practices and is less reflective of
function (eg, hemianopia).

Manifest refraction data were extracted, and spherical
equivalent was calculated as spherical power added to half
cylindrical power for each eye. Refractive correction was con-
sidered prescribed when the final refraction EHR data ele-
ment was available. However, information was unavailable for
whether the patient filled the prescription.

Disease diagnosis codes (International Statistical Classifi-
cation of Diseases and Related Health Problems, Tenth Revision
[ICD-10]) were extracted from the identified clinic visits. Each
office visit was associated with 1 or more disease diagnosis
codes, and all ICD-10 codes were obtained. The following dis-
ease diagnosis categories were defined to be consistent with a
previous report18: (1) age-related macular degeneration, (2)
diabetic retinopathy, (3) retinal conditions other than age-
related macular degeneration or diabetic retinopathy, (4) glau-
coma, (5) neuro-ophthalmic conditions, and (6) corneal con-

ditions. The first 3 categories were grouped as any retinal
condition.

Statistical Analysis
Descriptive statistics were used to compare patient demo-
graphics and service location by HVA categories. Distribu-
tions of VA improvement associated with refraction by HVA
categories were plotted using percentage bar charts, and
comparisons were made using the χ2 test. Logistic regression
models adjusting for age, sex, race, service locations, HVA, and
refraction were used to determine the odds ratios (ORs) and
associated 95% CIs of having a 2-line or greater VA improve-
ment at the eye level after refraction. The absolute values of
spherical equivalent regardless of the myopic or hyperopic na-
ture of the refractive error were used for the regression analy-
sis. For each disease category, logMAR VA improvement and
refraction were shown as mean (SD). Two-sided P < .05 was
considered statistically significant. All analyses were per-
formed using Stata, version 15 (StataCorp).

Results
Patient Characteristics
A total of 3867 patients had at least 1 completed visit to the LV
clinic;amongthem,2923wereconsideredtobenewpatients.The
analytic sample included the initial clinic visits for 1773 new pa-
tients (mean [SD] age, 70 [18.2] years; 1069 [60.3%] female) who
met inclusion criteria (Figure 1). Of the patients included in the
analysis, 777 (43.8%) had mild VI, 632 (35.6%) had moderate VI,
295 (16.6%) had severe VI, and 69 (3.9%) had profound VI in the
better eye (Table 1). The mean HVA was 20/100 (mean [SD], 0.67
[0.36] logMAR). A total of 43 patients (62.3%) in the profound
VI group were of working age (20 to <65 years) compared with
208 patients (26.8%) in the mild VI group, 202 (32.0%) in the
moderate VI group, and 122 (41.4%) in the severe VI group
(P < .001). Similarly, greater proportions of patients in the pro-
found VI group were African American (31 [44.9%]) compared
with patients in the mild VI (162 [20.9%]), moderate VI (172
[27.2%]), and severe VI (76 [25.8%]) groups (age-adjusted
P = .05). No differences were found regarding the distribu-
tions of sex, ethnicity, or service locations.

Association of Refraction With VA Improvement
At least a 2-line VA improvement was observed in 493
patients (27.8%) and any (≥1-line) VA improvement in 1023 pa-
tients (57.7%) after they underwent refraction. At least a 2-line
VA improvement was seen in 199 patients (25.6%) with mild
VI, 197 patients (31.2%) with moderate VI, 74 patients (25.1%)
with severe VI, and 23 patients (33.3%) with profound VI. The
greatest percentage of patients who gained at least a 4-line im-
provement was in the profound VI group (16 [23.2%]) (Figure 2).
In addition, a 6-line or greater VA improvement was observed
in 22 patients (1.2%). After refraction, 596 patients (33.6%) had
corrected VA improvement to at least 20/40 (eTable in the
Supplement). Any improvement was observed among 1006 of
1773 patients (56.7%) in the better eye and 562 of 1474 pa-
tients (38.1%) in the worse eye; a 2-line or greater VA improve-
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ment was observed among 477 of 1773 patients (26.9%) in the
better eye and 302 of 1474 patients (20.5%) in the worse eye. Of
the 1479 patients who had refraction performed in both eyes, the
eye with the worse HVA became the better eye after manifest re-
fraction in 86 patients (5.8%). Specifically, after refraction, the
worse HVA eye became 1-line superior to the fellow eye in 56 pa-
tients (3.8%), 2-line superior to the fellow eye in 22 patients
(1.5%), 3-line superior to the fellow eye in 5 patients (0.3%), and
4-line superior to the fellow eye in 3 patients (0.2%). Overall, the
mean (SD) VA improvement associated with refraction was 0.11
(0.14) logMAR (Table 1).

Documented spherical and cylindrical data were available
for 1745 patients (98.4%) who underwent refraction. Spherical
equivalent refraction ranged from −28 to +30 diopters (D). With
increasing VA loss, there was an increasing range of refractive

error in the mild to severe impairment groups. Refractive error
of at least 2.0 D was seen in 482 patients (27.6%), with higher
proportions among patients with more severe VI. Overall, 1027
of 1773 patients (57.9%) were prescribed refractive corrections
and were more frequently seen in the less-severe VI groups
(eTable in the Supplement). In addition, 383 patients (77.7%) with
a 2-line or greater VA improvement were prescribed refractive
corrections compared with 644 (50.3%) of those without a 2-line
or greater VA improvement (P < .001).

Logistic regression analyses were used to assess the asso-
ciations between patient characteristics and 2-line or greater
VA improvement by refraction in the better HVA eye (Table 2).
At least a 2-line improvement was more likely to be seen in
patients aged 40 to <65 years (OR, 1.57; 95% CI, 1.02-2.41)
compared with those aged 20 to <40 years. African American

Table 1. Demographics, VA, and Refraction Characteristics of Patients New to Low Vision Clinics by Baseline
HVA Categoriesa

Characteristic All (N = 1773)
Mild VI
(n = 777)

Moderate VI
(n = 632)

Severe VI
(n = 295)

Profound VI
(n = 69)

Age group, y

≥20 to <40 154 (8.7) 45 (5.8) 51 (8.1) 40 (13.6) 18 (26.1)

≥40 to <65 421 (23.7) 163 (21.0) 151 (23.9) 82 (27.8) 25 (36.2)

≥65 to <80 499 (28.1) 234 (30.1) 176 (27.8) 73 (24.7) 16 (23.2)

≥80 699 (39.4) 335 (43.1) 254 (40.2) 100 (33.9) 10 (14.5)

Female 1069 (60.3) 488 (62.8) 374 (59.2) 171 (58.0) 36 (52.2)

Race

White 1182 (66.7) 550 (70.8) 409 (64.7) 189 (64.1) 34 (49.3)

African American 441 (24.9) 162 (20.9) 172 (27.2) 76 (25.8) 31 (44.9)

Other 150 (8.5) 65 (8.4) 51 (8.1) 30 (10.2) 4 (5.8)

Ethnicityb

Not Hispanic/Latino 1653 (93.2) 725 (93.3) 588 (93.0) 274 (92.9) 66 (95.7)

Hispanic/Latino 26 (1.5) 11 (1.4) 11 (1.7) 3 (1.0) 1 (1.4)

Service site

Urban hospital 1176 (66.3) 488 (62.8) 424 (67.1) 208 (70.5) 56 (81.2)

Suburban clinics 597 (33.7) 289 (37.2) 208 (32.9) 87 (29.5) 13 (18.8)

logMAR VA improvement,
mean (SD)

0.11 (0.14) 0.10 (0.11) 0.12 (0.13) 0.11 (0.15) 0.18 (0.28)

Spherical equivalent,
mean (SD), D

−0.53 (3.13) −0.47 (2.35) −0.58 (2.84) −0.65 (3.81) -0.14 (7.62)

Refractive error ≥2.0 D
(spherical equivalent)c

482 (27.6) 180 (23.3) 161 (25.7) 102 (36.0) 39 (60.9)

Abbreviations: D, diopter; HVA,
habitual visual acuity; VA, visual
acuity; VI, vision impairment.
a Data are presented as number

(percentage) of patients unless
otherwise indicated. HVA was
defined as the best of the
uncorrected and corrected VA
before refraction and grouped into
4 categories: (1) mild VI (HVA worse
than 20/40 and at least 20/60), (2)
moderate VI (HVA worse than
20/60 and better than 20/200),
(3) severe VI (HVA 20/200 or worse
and better than 20/500), and (4)
profound VI (HVA 20/500 or
worse).

b Data are not given for the response
of unknown; therefore, category
columns may not total 100%.

c Percentages were calculated based
on patients with refraction data
documented in the electronic health
records. The number of patients
with documented refraction data
can be found in the eTable in the
Supplement.

Figure 2. Visual Acuity Changes After Refraction Among Patients New to the Low Vision Clinics
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patients had greater odds (OR, 1.41; 95% CI, 1.08-1.85) of hav-
ing such improvement compared with white patients. Com-
pared with patients with mild VI, those with moderate VI were
more likely to have a 2-line or greater VA improvement (OR,
1.36; 95% CI, 1.07-1.72). With every diopter increase of spheri-
cal equivalent refractive error, there was 1.05 odds (95% CI,
1.01-1.09) of gaining a 2-line or greater VA improvement. There
was no association with sex and service location.

VA Improvement by Disease Category
A total of 1269 patients (71.6%) had retina-related diagnoses,
and 438 (24.7%) had glaucoma diagnoses. Patients were not
exclusive to 1 disease category because they may have had more
than 1 disorder diagnosis associated with an encounter. Over-
all, mean HVA was 20/100 for patients with retina-related dis-
eases, glaucoma, and neuro-ophthalmic disease and 20/125 for
patients with corneal disease. Despite the worst HVA, pa-
tients with corneal disease had the greatest improvement as-
sociated with refraction. Other than neuro-ophthalmic dis-
eases, a 1-line or greater VA improvement was observed in more
than half of patients with defined disease categories. At least
2.0-D spherical equivalent refractive error was most com-
mon among patients with corneal diseases (58 [37.9%]) and
those with retinal diseases other than age-related macular de-
generation or diabetic retinopathy (155 [37.7%]) (Table 3).

Discussion
In this large, urban and suburban clinic population, a signifi-
cant number of adult patients new to the LVR clinics with
ocular disease and VA worse than 20/40 had URE. After refrac-
tion, more than one-fourth gained at least a 2-line improve-
ment. Such improvement was more likely to be observed in
patients aged 40 to <65 years, patients with HVA worse than
20/60 and better than 20/200, African American patients, and
those with a higher degree of refractive error. In addition, 1 in 3
patients with corneal disease diagnoses had at least a 2-line im-
provement after refraction.

A total of 57.7% of the patients with VA worse than 20/40
gained at least 1 line, and 27.8% gained at least a 2-line improve-
ment after refraction in our study. Previously, Sunness et al18 re-
ported on the association of VA improvement with refraction in
an LV clinic and found that 11% of new patients had VA improve-
ment of 2 lines or more. Both our study and the study by Sun-
ness et al18 evaluated patients new to the LV clinics in academic
institutions in Maryland; however, the current study popula-
tion was younger (mean age, 70 vs 73 years), had better present-
ing VA (median, 20/70 vs 20/80), and was less likely to have LV
associated with a retinal disease diagnosis (71.6% vs 80.2%). The
data from the study by Sunness et al18 only included patients
with a 2-line or greater improvement after refraction by 1 prac-
titioner using manual record review. The current study ex-
tracted clinic data from an EHR system for all new patient en-
counters with at least mild VI at an LV clinic that represented care
by 6 practitioners. Although small, our study and the study by
Sunness et al18 found proportions (5.8% in the current study and
3.0% in the study by Sunness et al18) of patients obtaining at least

a 4-line improvement. This finding underscores the impor-
tance of considering URE in patients seeking LVR services.

Our findings showed that compared with patients aged 20
to 40 years with reduced VA, adults aged 40 to <65 years and
African American patients were more likely to have URE and
to benefit from refraction, with at least a 2-line improve-
ment. Sunness et al18 did not find an association with age and
did not assess the associations with sex or race. Our findings
reveal the importance of checking refraction and maximizing
VA in working-age adults to enhance performance in meeting
occupational and personal demands. In addition, a change in
refractive correction may be associated with simpler rehabili-
tation solutions, reduced visual fatigue, ongoing employ-
ment, and improved quality of life.

In regard to race, the 2005-2008 National Health and
Nutrition Examination Survey found that even after adjusting
for household income, educational level, and health insur-
ance coverage, non-Hispanic African American individuals were
2.1 times as likely to have inadequate refractive corrections than
white individuals.24 Although not completely comparable, in
our stratified regression analysis models that evaluated only pa-
tients with glaucoma diagnoses or patients with corneal disor-
der diagnoses (and maybe with other disease diagnoses), the
associations for greater odds of African American patients gain-
ing at least a 2-line VA improvement after refraction were re-
tained. These associations may stem from inequality in eye care
accessibility, differences in health insurance coverage, and liv-
ing conditions.25-27 More detailed examination of these asso-
ciations is beyond the scope of this retrospective review.

Table 2. Regression Analysis of at Least 2-Line VA Improvementsa

Variable OR (95% CI)
Age group, y

≥20 to <40 1 [Reference]

≥40 to <65 1.57 (1.02-2.41)b

≥65 to <80 1.43 (0.92-2.22)

≥80 1.34 (0.85-2.10)

Male 1.08 (0.86-1.34)

Race

White 1 [Reference]

African American 1.41 (1.08-1.85)b

Other 1.28 (0.87-1.89)

Baseline VIc

Mild VI 1 [Reference]

Moderate VI 1.36 (1.07-1.72)b

Severe VI 0.95 (0.69-1.31)

Profound VI 1.40 (0.79-2.48)

Refraction SE (±1-D increase) 1.05 (1.01-1.09)b

Abbreviations: D, diopter; OR, odds ratio; SE, spherical equivalent;
HVA, habitual visual acuity; VA, visual acuity; VI, vision impairment.
a Better-eye 2-line or greater VA improvement as the regression model

outcome, adjusted for age group, sex, race, service location, baseline
better-eye habitual VA, and refraction.

b Statistical significance at P < .05.
c Habitual VA was defined as the best of the uncorrected and corrected VA

before refraction and grouped into 4 categories: (1) mild VI (HVA worse than
20/40 and at least 20/60), (2) moderate VI (HVA worse than 20/60 and
better than 20/200), (3) severe VI (HVA 20/200 or worse and better than
20/500), and (4) profound VI (HVA 20/500 or worse).
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Habitual VA and improvement after refraction showed vari-
ability by disease diagnosis. Patients with corneal or glau-
coma diagnosis were most likely to have at least a spherical
equivalent of 2.0-D refractive error. This finding may reflect a
greater likelihood of irregular or increased astigmatism ob-
served in corneal disorders and after glaucoma operations.28

Patients with neuro-ophthalmic disease had the least improve-
ment after refraction, suggesting that visual field loss (eg, non-
arteritic anterior ischemic optic neuropathy with 20/25 VA)
more than VA loss is the source of the impairment.29,30 A greater
proportion of patients with diabetic retinopathy gained at least
a 1-line and 2-line VA improvement after refraction, which may
be reflective of the refractive fluctuations experienced with
fluctuating glucose levels.31

We observed a high prevalence of URE in patients with ocu-
lar disease seeking care in LV clinics. Understanding how pa-
tients were connected to LVR care (eg, via physician, self, or
friend) would be meaningful to design outreach programs to im-
prove refractive delivery. However, limitations on referral data
documentation in the current EHR (eg, primary care physician
default as the referral source) preclude reliable examination. Re-
gardless, in an era of increasing specialization managing ocular
disease, refraction is no longer considered a part of the domain
of the ophthalmologic subspecialist and may easily be over-
looked with a focus on disease management. Therefore, under-
standing the magnitude of the underlying URE and identifying
patients whose VA may improve from refraction are important
first steps in the coordination of care. As the evidence regard-
ing the importance of vision and healthy aging increases, we be-
lieve that ophthalmologists caring for patients with reduced VA
should emphasize and encourage refractive evaluations peri-
odically to maximize patient function. Future work could ex-
plore implications of refractive correction on patient-centered
outcome measures in those with concurrent ocular disease.

Strengths and Limitations
The strengths of this work include the large sample of all pa-
tients under ophthalmic care newly seeking treatment for LV,
which represents a large spectrum of the patient population;

clinical practice patterns in both urban and suburban settings;
and varying demographic characteristics, with refractions per-
formed by multiple LV specialists. Clinical measurements of VA,
refraction, and concurrent ocular diseases were derived from 1
electronic platform despite multiple care locations, providing
consistency in data collection and recording practices. The study
design allowed us to examine any level of VA improvement,
thereby providing a comprehensive profile of patients with VI,
and facilitated comparisons with epidemiologic studies using
multiple criteria. Moreover, examination of a 2-line or greater im-
provement in this group of patients with worse than 20/40 VA
allowed reliable detection of a change in VA while minimizing
the ceiling effect. However, limitations should be taken into con-
sideration when interpreting the outcomes. Although this ret-
rospective analysis leveraged EHR data and reflects real-world
clinic practice, no masking of measurements was applied, and
VA recordings may be influenced by physician and patient ex-
pectations. Refraction was less likely to be performed for pa-
tients without form perception VA, such as hand motion and light
perception, because negligible improvements in this subgroup
would be expected. We did not assess changes in quality of life
in patients with VA improvement and recognize that patients
with different disease diagnoses may benefit differently from VA
improvement.32 For example, patients with corneal disease may
perceive less benefit despite equivalent VA improvement after
refraction given loss in contrast sensitivity; in addition, contact
lens correction may be more meaningful than spectacle correc-
tion in this subgroup. Although 57.9% of the study population
were prescribed changes in refractive correction, data on pre-
scription filling were not available.

Conclusions
The findings suggest that URE is prevalent among patients
treated for ocular disease and accessing LVR and that refrac-
tive evaluation should be considered for patients with ocular
disease and reduced VA, especially adults aged 40 years or
older, African American patients, and those with moderate VI.

Table 3. VA Change After Refraction in Patients With Different Disease Diagnoses

Diagnosis Total No.

Mean (SD) No. (%)

logMAR HVA logMAR VA change Refraction, D

Patients with at
least 2.0-D
refractive error
in each disease
categorya

VA changeb

≥1 Line ≥2 Lines
Total 1773 0.67 (0.36) 0.11 (0.14) −0.53 (3.13) 482 (27.6) 1023 (57.7) 493 (27.8)

Retina-related disease 1269 0.65 (0.34) 0.10 (0.12) −0.38 (2.52) 303 (24.2) 717 (56.5) 323 (25.5)

AMD 683 0.61 (0.31) 0.09 (0.11) −0.23 (1.66) 106 (15.8) 359 (52.6) 151 (22.1)

DR 184 0.69 (0.34) 0.13 (0.15) −0.32 (2.84) 44 (23.9) 119 (64.7) 59 (32.1)

Other retinal diseases 414 0.68 (0.38) 0.11 (0.13) −0.67 (3.36) 155 (37.7) 245 (59.2) 116 (28.0)

Glaucoma 438 0.68 (0.38) 0.13 (0.14) −0.87 (3.25) 130 (30.1) 281 (64.2) 141 (32.2)

Neuro-ophthalmic disease 128 0.74 (0.42) 0.10 (0.15) −0.85 (2.45) 37 (29.4) 58 (45.3) 30 (23.4)

Corneal disease 155 0.75 (0.40) 0.14 (0.18) −0.14 (5.07) 58 (37.9) 93 (60.0) 54 (34.8)

Abbreviations: AMD, age-related macular degeneration; D, diopter; DR, diabetic retinopathy; HVA, habitual visual acuity; VA, visual acuity.
a Percentages calculated based on number of patients with refraction data available in the electronic health record.
b VA change: −0.1 logMAR = 1-line change on VA chart.
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O
ne of the core

responsibilities of the

dispensing optician is to

be able to advise the

visually impaired patient

on illumination, glare and contrast1. This

article aims to cover aspects of advice

that can be given with these three

elements in mind.    

ILLUMINATION 
Illumination is increasingly important with
age, even without pathology present2. With
the passage of years, patients have
increasing difficulty in low illumination as
well as more difficulty adjusting to low
illumination when coming from a brighter
environment. A study has shown that rod-
mediated dark adaption slows down quite
dramatically with age, therefore there are
delays in dark adaptation with figures
provided of 70-year-olds taking two-and-a-
half minutes longer than a 20-year-old.

Poor vision in low illumination, and the
inability to dark adapt quickly, hinders a
person’s performance, can hamper mobility
and has been linked to falls2. It should also
be noted that the prevalence of visual
impairment increases with age4 and
illumination is considered all the more
important for the visually impaired as they

are potentially already at their visual
threshold5. 

Good lighting for the visually impaired
has been linked to the prevention of injuries
and falls4. Kuyk et al6 found macular
patients frequently reported increased
difficulty with mobility in low level
illumination, and demonstrated that they
performed mobility tasks more slowly when
lighting levels were reduced. The majority of
macular disease patients require increased
illumination levels to maximise reading
performance7. Many other conditions, such
as retinitis pigmentosa8, present with
difficulty in low illumination and adapting
to dark environments.

This information leads to two items
upon which the low vision patient could be
advised: the potential need to increase
lighting where appropriate; and the need to
have even lighting where possible.   

Patients can be advised about the use of
local task lighting when reading to aim to
increase performance in visual tasks. An
angle poise lamp would be suitable, and to
demonstrate its positioning would be
beneficial to the patient. It can be
demonstrated that it should be the object
of interest that should be illuminated and
not the patient’s face (Figure 1), showing
them that placing the lamp closer to the

object of interest results in increased
illumination. This employs the inverse
square law.  

The arrow in Figure 1 is the distance d
in the following formula: . E is the
illuminance in Lux (lumens per square
metre) and I is the intensity of the source.
This formula applies when d (in metres) is
at a normal to a surface. If the distance is
halved it will result in a four-fold increase 
in illuminance.

If the light is tilted from the object of
interest then this will decrease the
illuminance. Therefore, the aim would be to
get the light as close to perpendicular to
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the surface3 as possible. However, the
patient’s seating arrangements and work
space have to be taken into account, so
their real environment should be asked
about when advising them about lighting
and positioning. 

Another variable in this formula is the
amount of intensity, therefore, we can also
advise them to increase the wattage of the
bulb to obtain more illuminance, and this
can be done for both task and ambient
lighting if the fitment allows5. Research has
linked contrast sensitivity loss with a
reduction in reading speed and an aim to
correct this should be considered with the
provision of adequate lighting9. 

Local task lighting can be used wherever
detailed tasks are done, such as by the
telephone5, work areas and dining tables3.
Do, however, ensure to advise them about
the importance of keeping wires securely
out the way to avoid trip hazards10. Small
portable lights can be recommended for the
patient to use when they are out and about
and find they are in an area of poor lighting,
such as a dimly lit atmospheric restaurant.

The task light should be easily
positioned, so adjustable and flexible arms
are desirable. However, if too complex with
too many bolts to twist to secure
positioning and too many components that
are flexible, then this can become
problematic for the patient to set up. So
ideally it should be adjustable but simple to
maintain position. Ideally, reflections from
the surface being illuminated should be
limited, so matt surfaces are better than
glossy material3. 

Other simple advice to increase
illumination in the home can be:
• Increase natural daylight
• Draw curtains
• Avoid nets, but if essential for privacy 

they should be kept clean 
• Windows should be kept clean 
• Arrange seating so it is by the window5, 

but avoid creating a direct glare source 
and avoid positioning where it would 
cast a shadow on the item being viewed.
Aim to position so the light just falls on 
the object of interest 
Lighting can be advised upon in essential

work areas where shadows can be cast, such
as kitchen counters. Here, under-counter
lighting can be recommended. It is an idea
to keep things simple, because if the patient
is alone and elderly, it can be easy to advise,
but difficult to implement. Therefore, if under-
the-counter lighting is difficult to achieve this
is another place where an angle-poise lamp
could be used5. Lighting can be suggested in
areas such as wardrobes and cupboards10. 

It can be difficult for patients if they go
from different rooms with different levels of
illumination. Therefore, it would be good
advice to try to keep illumination levels
consistent throughout the home5. A place
where good lighting can be considered
essential, due to safety, is the stairs.
Therefore the hallway, stairs and landing
should, in an ideal situation, have good but
even lighting. The lighting should also be
near the same level of light to any rooms
that open onto these areas3. 

Other advice that can be provided is
light-coloured lampshades, use of fluorescent
tubes and pale colouring on walls to allow
more light reflection5. External lights on the
house, such as at entrances, can also be
suggested3 to allow some form of lighting
outside for dark nights and evenings to aid
mobility, location of keyhole, etc10.
Although this advice is relatively simple to
provide, it can have a profound impact with
Brunnstrom et al11 finding that improved
lighting can have a marked effect on the
visually impaired patient’s quality of life. 

One complaint that is commonly heard
is about the use of energy-saving bulbs;
they take a while to reach their maximum
output and are therefore not well liked by
those with a visual impairment. When
advising on lighting, be aware that too
much can give rise to glare and also the
pale colours on the walls should not be
gloss as this can also be a glare source5.
Each patient will have individual needs.

GLARE
Glare is a common problem for the low
vision patient. The cataract patient suffers
from increased light scatter with reduced
contrast of the retinal image3,12,13. This type
of glare is quite disabling and is termed as
‘disability glare’13 which refers to the
reduced visibility of a target due to a light
source being present elsewhere within the
visual field14. Although cataract surgery can
potentially solve the cataract patient’s
problem, there are those with inoperable
cataract and those who are awaiting
surgery who can also be helped. 

Glare is a problem presented with
various pathologies. Glare sensitivity has
been shown to be an important factor in
hindering the mobility of macular disease
patients. Both contrast and glare sensitivity
are factors that have been found to be self-
reported visual disabilities in the older
population6. Visual acuity measurements
alone will not help assess the true impact
of the impairment suffered by glare
sufferers12. The question of glare needs to
be in the history taking. 

Recommendations that can be given to
reduce glare are:
• Polarised filters
• Wide brimmed hat/cap with a peak
• Side-shields
• Neutral density filters to allow reduction

in light levels but maintain contrast5

• Typoscopes on print 
Some patients who complain of glare

indoors as well as outdoors may assume
they need a dark tint. However, this will
prevent the light entering the eye that is
needed to perform and get around indoors
safely.  It is possible to find that a lighter
filter can be used indoors as long as does
not hinder vision, which has the potential
to be dangerous. However, some pathologies
may warrant constant wearing of a tint,
such as albinism5. Therefore each patient’s
needs are different. Indoors it may be
possible to remove the glare source.

Aspects that can be considered should
the patient complain of indoor glare:
• Is the lighting at a suitable level? 
• Are lights shaded?
• Do they have dimmer switches to tailor 

their lighting needs?
• What is the décor like? Gloss paint? 

Shiny tiles? Shiny floors10?
• Where are things such as the television 

and the patient’s seat situated? Are they
positioned to give rise to glare? 

SELECTING A TINT
The reason for dispensing a tint will vary. A
tint might be dispensed to reduce disability
glare or alternatively to improve contrast
and visual performance. As mentioned
earlier, a reduction in contrast sensitivity
has been shown to reduce reading speed
and so a selective filter may be considered
here9. Most manufacturers who supply an

Figure 2. It can be wise to have 
a trial set of filters available
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array of filters will also supply guidance on
who the specific filter may assist. For example,
those patients with retinitis pigmentosa
and albinism may benefit from a dark red
tint5. However, it can be wise to have a trial
set of filters (Figure 2) available for the
patient to try in their real environment as
they do not always have a preference for
the one you would initially have dispensed. 

Some patients may benefit from a
variable tint such as a photochromic,
however, these carry the disadvantage of
not lightening up instantly when the patient
goes from outside to indoors and, hence, it
is wise to also remember that many visually
impaired patients complain of not seeing
anything when they enter a shop or their
house, and hence photochromics may not
be suitable for them.

IMPROVING CONTRAST
As mentioned above, visual acuity
measurements are not a true measurement
of a patient’s visual function14. A contrast
sensitivity test, such as the Pelli-Robson
(Figure 3), can be a useful and more realistic
tool in patients with a visual impairment,
being shown to provide a more realistic test
for those with cataract12,13 and for those
with macular disease, with a reduction in
contrast being found to be an important
factor in reducing mobility performance6.

Contrast sensitivity testing is also useful
for conditions that have damage in the
visual pathway such as found in multiple
sclerosis15. It is considered more meaningful
test in those with a visual impairment as it
measures the ability to detect objects from

a background16. Therefore, to recognise faces,
navigate safely14 and is generally more akin to
real life condtions13. An improvement in
contrast is linked to improvement in visual
performance3 and it has been shown to be
an important factor in reading speed for
those who are visually impaired14. 

To help improve contrast, the use of
dark colours against light colours and vice
versa could be recommended, such as:
• Dark table cloth under white plates
• Dark foods on white plates
• Writing with a black felt-tip pen/Berol 

handwriting pen on white paper
• Secure contrasting strips or painted 

strips on the edge of dark stairs and steps
• Contrasting strips on door frames
• Doors a different colour from the walls
• Different colour handles to doors and 

cupboards
• Floors/steps and skirting different colours

and different to that of the wall 
• Brightly/contrasting coloured bins and 

other standalone objects to allow 
identification of where they are to avoid 
hazards. 

• Brightly/contrasting coloured kitchen 
appliances10 

• Bannister a different colour to the wall
• Different coloured chopping boards
• Coloured glass wear
• Utensils with bright handles. Bright handles

can also be used for gardening tools5

• Contrasting colour light switches to that
of the wall 

• Brightly coloured towels and bathroom 
accessories

It can be seen that this technique can
be utilised practically anywhere in the home.
Ideally, the contrasting colours should have a
matt finish to avoid the occurrence of glare10.
With regard to advice on writing, felt-tips
can be too thick at times and the letter
becomes a blob, therefore, a Berol
handwriting pen is useful to keep in stock. 

Glass doors should be avoided, but where
they have to remain (as we cannot expect
patients to go away and do a complete re-
fit of their home), as already mentioned
some ideas are easily advised but can be
tricky to implement, then brightly coloured
visibility strips can be advised10. 

Bump-ons can be useful items as they
are both tactile and brightly coloured. They
can be used on light switches, cooker and
microwave dials5 and other kitchen
appliances as well as on heating controls.
Finally, electronic aids are useful as they
improve contrast and many have a choice
of reversal (black background with white
text) (Figure 4) or an array of coloured
texts and backgrounds so the patient can
choose their preferred combination. 

CONCLUSION
Not every patient’s visual problem can be
overcome with the above advice. However,
providing advice on adequate illumination,
contrast and glare can have an impact on
the patient’s visual performance and the
ability to perform day-to-day tasks. Therefore,
it can be worthwhile adding these areas of
advice into a discussion with a patient who
is having difficulty due to their vision.

Figure 4. Electronic aids are useful as they improve
contrast (by courtesy of Optima Low Vision Services)

Figure 3. The Pelli-Robson Chart
(by courtesy of Precision Vision)



23Dispensing Optics  JUNE 2015

REFERENCES
1. Anonymous. Low Vision. ProQuest 

business collection 2005: 230 (6031).
2. Jackson G. Owsley C. McGwin G. Ageing

and dark adaption. Vision Research 1999;
39: 3975-3982.
http://www.sciencedirect.com/science/
article/pii/S0042698999000929 
(accessed 04 Jan 2015).

3. Dickinson C. Low Vision Principals and 
Practice. Oxford: Butterworth-Heinemann
1998. Contact Lenses.

4. Tural E, Tural M. Luminance contrast 
analyses for low vision in a senior living 
facility: A proposal for an HDR image-
based analysis tool. Building and 

environment 2014; 81: 20-28. 
http://www.sciencedirect.com/science/
article/pii/S0360132314001917 
(accessed 05 Oct 2014).

5. Ryan, B. Margrain, T. A course in low 
vision practice. part 7- lighting and 
contrast. The Optician. 2006; March: 28-
31. https://s3-euwest1.amazonaws.com/
rbi-communities/wp-content/uploads/
importedimages/opt-28-31cetlv7.pdf 
(accessed  05 Oct 2014).

6. Kuyk, T. Elliot, J. Visual factors and 
mobility in persons with age-related 
macular degeneration. Journal of 

Rehabilitation Research and Development

1999; 36(4):303-312.  
7. Bowers A. Meek C. Stewart N. Illumination

and reading speed performance in age-
related macular degeneration. Clinical 

and Experimental Ophthalmology 2001; 
84(3):139-147. http://www.ncbi.nlm.nih.
gov/pubmed/12366325 (accessed 04 

Jan 2015).
8. Canada P. Morrillas C. Urena R. Lopez J. 

Pelayo F. Embedded system for contrast 
enhancement in low vision. Journal of 

Systems Architecture 2013; 59: 30-38. 
http://www.sciencedirect.com/science/
article/pii/S1383762112001002 
(accessed 02 Jan 2015).

9. Giacomelli G, Virgili G, Giansanti F, Sato
G, Cappello E, Cruciani F. Varano, M. 
Menchini, U. Clinical and microperimetric
predictors of reading speed in low vision
patients: A structural equation modelling
approach. Association of Research in 

Vision and Ophthalmology 2013; 54 (6): 
4403-4408. http://www.ncbi.nlm.nih.gov/
pubmed/23722392 (accessed Nov 2014).

10. Joule, N. Levenson, R. Brown, D. Housing
for people with sight loss a practical 
guide to improving existing homes. 
London: Thomas Pocklington Trust 2014.

11. Brunnstrom G. Sorensen S. Alsterstad K. 
Sjostrand J. Quality of light and quality 
of life-the effect of lighting adaption 
among people with low vision. 
Ophthalmology & Physiology Optics 2004;
24: 274-280.

12. Elliot, D. Evaluating visual function in 
cataract. Optometry and Vision Science

1993; 70 (11): 896-902.http://journals.
lww.com/optvissci/Abstract/1993/11000/
Evaluating_Visual_Function_in_Cataract.6.
aspx (accessed 04 Jan 2015).

13. Shandiz, J. Derakhshan, A. Daneshyar, A. 
Azinu, A. Moghaddam, H. Yekta, A. Yazdi, 
S. Esmaily, H. Effect of cataract type and
severity on visual acuity and contrast 
sensitivity. Journal of Ophthalmic and 

Vision Research 2011; 6 (1): 26-31. 
http://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3306069/ (accessed 04 Jan 2015)

14. Rubin G. Bandeen-Roche K. Huang G. 
Munoz B. Schein O. Fried L. West S. The 
association of multiple visual impairments
with self-reported visual disability: see 
project. Investigative Ophthalmology and

Visual Science 2001; 42 (1): 64-72. 
http://ghuang.stat.nctu.edu.tw/publication/
InvestOphthalmolVisSct01.pdf (accessed
03 Jan 2015). 

15. Wieder, L. Gade, G. Pech, L. Zimmerman,
H. Wernecke, K. Dorr, J. Bellmann-Strobl,
J. Paul, F. Brandt, A. Low contrast visual 
acuity testing is associated with cognitive
performance in  multiple sclerosis: a cross
sectional pilot study. BioMed Central

2013; 13: 1-8. http://www.ncbi.nlm.nih.
gov/pubmed/24206900 (accessed 03 
Jan 2015).

16. Bittner, A. Jeter, P. Dagnelie, G. Grating 
acuity and contrast tests for clinical trials
of severe vision loss. Optometry and 

Vision Science 2011; 88 (10): 1153-1163.
http://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3183246/ (accessed 03 Jan 2015).

ELIZABETH BARTLAM is the Dispensing
Instructor in Optometry at Aston
University. She is an ABDO Theory and
Practical Examiner, ABDO senior tutor in
dispensing and low vision, and Low
Vision Honours Examiner. She is also
Prinicipal Examiner for low vision,
External Examiner for Teeside University
and a volunteer for Focus Birmingham as
a low vision practitioner. 













OPTOMETRY 

REVIEW 

The term magnification 

George C Woo' OD PhD 
Andrew Mah-Leung' OD 
* Department of Optometry and 
Radiography, The Hong Kong 
Polytechnic University 
t Oshawa, Canada 

Many types of magnification described by different authors have dissimilar meanings. 
Basic principles of magnification such as relative size magnification, relative distance 
magnification and angular magnification used commonly in low vision are clarified in 
this paper. The three frequently-used terms of magnification, including apparent magni- 
fication, two relative magnification formulae, namely, M = F/4 and M = F/2.5, and iso- 
accommodative magnification are described. The concepts of equivalent viewing power 
(EVP) and equivalent viewing distance (EVD) are reviewed as an alternative means of 
specifying magnifying power. They represent an intrinsic property of an optical system 
that corresponds to the resolution afforded by the system in terms of dioptric power. 
(Clin Exp Optom 2001; 84: 3: 113-1 19) Accepted for publication: 20 June 2001 
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The term magnification has become more 
complicated as optometry students learn 
low vision optics. It no longer has a sim- 
ple definition. Specifically, magnification 
is the ratio of the size of the image formed 
by a lens (or lens system) to the size of 
the original object. This ratio can be quan- 
tified by comparing the transverse height 
of the image (h') to that of the original 
object (h),  namely, h ' /h  or by comparing 
the distance of the image from the prin- 
cipal plane (I') to the object distance from 
the principal plane ( 1  ), namely, 1 '/ 1. How- 
ever, this is but one type of magnification, 
commonly referred to as transverse mag- 
nification, lateral magnification, linear 
magnification' or enlargement ratio (Fig- 
ure 1). 

Many other types of magnification have 
been described, each of which infers a 
different meaning depending on the 
context in which it is used. In addition 

to the terms mentioned above, the same 
ratio has been referred to as angular 
magnification, apparent magnification, 
spectacle magnification, relative magni- 
fication, relative spectacle magnification, 
relative distance magnification, relative 
size magnification, nominal magnifica- 
tion, effective magnification, perceived 
magnification, conventional magnifica- 
tion, actual magnification, rated magni- 
fication, traditional magnification, true 
magnification, iso-accommodative mag- 
nification, manufacturer's ratings and 
magnifying power.',"* 

It is not surprising that these terms may 
lead to different interpretations. The  
problem is accentuated when different 
authors use different terms to mean the 
same thing, while others use the same 
term to mean different things. One per- 
son's apparent magnification turns out to 
be another person's conventional magni- 

fication, which is someone else's effective 
magnification. This turns out to be an- 
other person's angular magnification and 
so on. Some other person's traditional 
magnification becomes another's per- 
ceived magnification, transverse magnifi- 
cation and even someone else's relative 
rnagni f ica t i~n . '~~ .~ .~  This inevitably leads to 
frustration, particularly for the intern who 
is not only attempting to link names with 
basic principles, but who is also trying to 
sort out the various conceptual differ- 
ences. This confusion has left some stu- 
dents with a phobia for the term magnifi- 
cation simply because the  precise 
meaning and the context in which it is 
being used is not always clear. Low vision 
practitioners have debated the solution to 
this problem for the past 20 years.'"" 

The ambiguity extends into the area of 
low vision and consequently the analysis 
of magnification produced by low vision 
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aids can be challenging. However, as an 
optometrist, it is essential to understand 
the principles of optical magnification in 
order to provide complete care to low 

is to clarify the meaning of the term mag- 
nification and to describe the various types 

vision aids. In low vision, magnification 
effects are achieved in three ways. 

vision patients. The purpose of this paper 

of magnification, as they apply to low - 1' ___+ 

+ - I - - +  

Figure 1. Linear (transverse) magnification = h'/h= 1'/ 1 

TYPES OF MAGNIFICATION 
IN LOW VISION 

Angular magnification (Ma) 
Angular magnification increases resolu- 
tion through the use of an optical instru- 
ment that creates an image, the angular 
subtense of which is larger than the angu- 
lar subtense of the actual object. Thus, 
angular magnification is the ratio of the 
angle subtended by the image formed by 
the magnifier (a') to the angle subtended 
by the object without the magnifier (a); 
tha t  is Ma = ct'/a. This is shown in 
Figure 2. A plus lens is used as an exam- 
ple, where x is the distance between the 
eye and the lens. Any multiple-lens mag- 
nifying system can be reduced to a simple 
plus lens located at the principal planes 
of the lens system. 

Although many types of magnification 
can be described in terms of angular mag- 
nification, it is the magnification created 
by an increase in the angular subtense of 
the object being viewed without increas- 
ing the actual object size or decreasing the 
object distance that is generally referred 
to as angular magnification. 

Relative size magnification (Ms) 
Relative size magnification increases the 
resolving ability of the observer by in- 
creasing the actual size of the object be- 
ing viewed. Examples include large-print 
books and cheques, larger television sets 
or computer terminals and closed circuit 
television sets (CCTV). As in any magni- 
fication situation, relative size magnifi- 
cation is determined by comparing the 
angle subtended by the enlarged object 
(a') at the entrance pupil of the eye to 
the angle subtended by the initial object 

I \ 

J 

Figure 2. Angular magnification = a'/a 

+------I- u 
Figure 3. Relative size magnification = a'/a = tan a = h,/h, 
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Figure 4. Relative distance magnification = a'/a a'/ tan a = l I /  4 

Method Examptes 

Rslsltis sire magnification Increasing the actual size Larger print material 
of the object being viewed 

the object and the eye 
Increasing angular subtense Telescope, microscope 
of the image being viewed 

distance magnification Reducing the distance between Move object closer to 
the eye 

and magnifiers 

Table 1. Three types of magnification 

( a ) ,  that is Ms = a'/a.  This is shown in 
Figure 3. Because a z tan a and a' z tan 
a', assuming small angles, and tan a is 
directly proportional to h and tan a' is 
directly proportional to h', then: 

Ms = a' /a  z tan h,/h,. 

Relative distance magnification (Md) 
Relative distance magnification increases 
resolution by reducing the distance be- 
tween the object and the eye. As with Ms, 
this results in an increase in the angular 
subtense of the object at the entrance 
pupil of the eye and the magnification ef- 
fect is obtained by comparing a' with a. 
In this case, magnification is determined 
by comparing the angular subtense of the 
object at the shortened viewing distance 
due to the magnifier (a')  to the angular 

subtense of the object at the initial view- 
ing distance (a) .  This is shown in Figure 
4, where tan a is directly proportional to 
l/l, and tan a' is directly proportional to 
l /  . Again, if small angles are assumed, 

12 

As stated, relative distance magnifica- 
tion can be achieved by decreasing the dis- 
tance between the object and the eye. With 
low vision aids, this will normally require 
a plus lens placed before the eye. Often 
the observer cannot accommodate ad- 
equately to maintain focus on the object 
to preserve its clarity, due to the large 
accommodative demand created by the 
shortened viewing distance or the lack of 
accommodative ability associated with 
aging, that is, presbyopia. The plus lens, 

used as a hand-held magnifier, also offers 
some amount of angular magnification. 
However, this will decrease as the lens is 
brought closer to the eye, while the rela- 
tive distance magnification will increase 
proportionally, resulting in no overall 
magnification change. At the spectacle 
plane of the eye, the angular magnifica- 
tion becomes negligible and thus, the plus 
lens acts as a low vision microscope. 

From the above description, the various 
types of magnification appear clearly de- 
fined. What then is the source of all the 
confusion regarding the specification of 
magnification for low vision aids? Part of 
the problem is due to the plethora of 
names that have been attached to the term 
magnification. This is because magnifica- 
tion is a comparative term and requires a 
mutually understood standard of refer- 
ence and here lies the source of confu- 
sion. Different names have been given to 
different types of magnification based on 
the frame of reference used. Table 1 
describes the three types of magnification. 

TERMS OF MAGNIFICATION IN 
LOW VISION 

Some studies (Bai le~ ,~ .~ ,~ , '  Bennett'*5) have 
attempted to clarify this by proposing dif- 
ferent standards of reference. According 
to Bailey,4 three types of magnification 
have evolved in the attempt to specify mag- 
nification in the realm of low vision. 

Apparent magnification 
The first type Bailey4 refers to as apparent 
or perceived magnification and is defined 
as the ratio between the angle subtended 
by the image at the entrance pupil of the 
eye and the angle subtended by the ob- 
ject when the magnifier is removed. This 
is essentially angular magnification. Al- 
though apparent magnification is helpful 
in quantifying the magnification effects 
that the subject experiences, it does not 
serve any clinical purpose in terms of pre- 
scribing a magnifying aid. This is evident 
when the object is kept at the anterior 
focal plane of the lens. The distance be- 
tween the observer and the lens will not 
affect the angular subtense a' of the im- 
age at the entrance pupil of the eye, while 

Clinical and Experimental Optometry 84.3 May 2001 

115 



Magnification Woo and Mah-Leung 

a (Figure 2) will change when the dis- 
tance between the subject and the object 
( I )  is varied. Consequently, apparent mag- 
nification (based on a ' /a )  will change 
with viewing distance ( I ) ,  while the mini- 
mum angle of resolution (based on a ' )  
will not and it is this minimum angle of 
resolution that is important to the clini- 
cian in determining the power of magni- 
fier required. Thus, a magnifier must have 
the viewing distance specified (or at least 
known) in addition to the equivalent 
power of the lens, if apparent magnifica- 
tion is to be of any clinical use. 

Relative magnification 
Bailey" lists another type of magnification 
known as relative magnification, which is 
sometimes called effective magnification, 
traditional magnification or conventional 
magnification. ' Relative magnification 
compares the size of the retinal image pro- 
duced by the magnifier to the retinal 
image size produced by the object, when 
viewed at a standard distance without the 
magnifier. Thus, it is the ratio between the 
angle that the image subtends at the eye 
due to the magnifier (a ' )  and the angle 
subtended by the object viewed without 
the magnifier (a2;) at a standard distance, 
usually 25 cm. This distance has been 
termed the 'least distance of distinct 
vision' (LDDV). Thus, 

angle subtended at eye by 
image produced by lens 

eye by object at LDDV 

This is shown in Figure 5. If small angles 

- a' 
angle subtended at unaided Q 

_ -  
Mrel= 

are assumed, then: 

Q '  tan a' 
rp l  ~1 tan a M = - = -  

From figure 5, 
I 

h 
tan Q = - h' 

tan Q'= - 
- l '+x -d 

tan a' h'(-d) 
tan a h(x-1') 

Myel= - = - 

For h' L 
h L' 
_ -  - -  

h'(-d) L ( d )  ..,M =-=- "' h(x-1') l-(x)(L') 

F 

* 
4 I '  - b t x  -+ 

Figure 5. Relative magnification = a'/a f tan a'/tan a 

F 

Figure 6. Relative magnification when the object is placed at the anterior focal plane 

When the object is placed at the ante- 
rior focal plane, the image is formed at 
infinity. Thus, the relative magnification in 
this case becomes: 

Many manufacturers use this formula to 
calculate the magnification value given for 
their instruments. They assume a refer- 
ence distance, d = 25 cm. Thus, this mag- 
nification has been referred to as trade 

-F(d)  magnification or  manufacturer's rating 
magnification (Mmfr),  that is, M,,,fr = F/4. 

Clinically, relative magnification is use- 

U d )  - (IL'-F)(d) 
Mrd= ___ - 

___ = 
1 - ( x ) v . ' )  1- ( X K O )  

Taking d as an absolute positive value 
and D = l / d ,  then: ful because it correlates the resolution of- 

fered by a magnifier to a given standard 

F 
MTel =-F(d) = -F(-d) = - D 

of resolution ( tha t  is, the resolution 
obtained for an agreed standard distance). 
Thus, unlike apparent magnification, 
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-- - --- longer be as shown in Figure 6. Specifi- Myopic eye 

Figure 7. Effect of ametxopia on relative magnification 

improvements in resolution can be pre- 
dicted using relative magnification. Spe- 
cifically, relative magnification can be used 
to predict the magnification required 
when the resolution from a previous mag- 
nification aid is known. For example, if a 
subject was able to read 1M through an 
8 D lens at a viewing distance of 25 cm 
(Relative magnification, Mrel = F/4 = @)/4 
= 2x), then for 0.5 M letters.(a two-fold 

viewed without a magnifier at a viewing dis- 
tance of 25 cm. It does not indicate a mag- 
nification per se as the subject will experi- 
ence an apparent magnification effect, that 
is, the image will subtend a larger angle 
compared to the object at the same viewing 
distance without the magnifier. This makes 
relative magnification particularly confus- 
ing when attempting to relate such infor- 
mation to patients. Another disadvantage 

improvement in resolution) to be read at 
25 cm, a magnifier with a relative magni- 
fication twice the initial magnification or  
ilx, would be required. The equivalent 
power of the magnifying lens required 
wouldthenbeF=Mx4= (4) x4=+16.00D. 
It is assumed that the object is always 
placed in the anterior focal plane of the 
magnifier, thus creating an image at in- 
finity. One disadvantage of this is that Mrel 
can be less than one. An Mrel less than one 
means that the image produced is smaller 
than that produced when the object is 

of relative magnification is that it is equal 
to the actual magnification only when cer- 
tain conditions are met. Specifically, when: 
a. the patient is emmetropic or corrected 

for any ametropia 
b. the object is in the anterior focal plane 

of the magnifier, so that the image is 
formed at infinity 

c. the reference object size (with which 
the magnifitd image is compared) cor- 
responds to a distance of 25 cm. 

Let us consider these three factors 
individually: 

tual magnification observed (as Fa is posi- 
tive). The converse is true for a hyperopic 
eye, the resultant magnification being 
smaller than the manufacturer’s specified 
magnification. 
b. If the object is located at a distance less 
than one focal length of the lens, the effec- 
tive result is an increase in the equivalent 
power of the magnifier because the exiting 
rays leaving the lens will be divergent. As M 
= Feq/4, the actual magnification observed 
will also increase. Conversely, if the object 
is farther from the lens than its anterior 
focal point, then the effective power of the 
magnifier will be decreased, as the rays ex- 
iting it will be convergent and thus the 
magnification will be decreased. In real- 
ity, the subject would have to accommo- 
date (or have an appropriate reading ad- 
dition) if the object was closer than one 
focal length. A negative lens would be re- 
quired if the object was placed farther 
away than one focal length. 

Some manufacturers use this scenario 
where the object is not in the anterior fo- 
cal plane of the lens in the calculation of 
their ‘manufacturer’s rating magnifica- 
tion’ marked on their instruments. There 
is yet another  type of magnification 
termed iso-accommodative magnification. 
In this case, the object distance used is 
such that the resultant image distance 
equals the particular patient’s normal 
reading distance from the eye. 
c. If the reference object distance used is 
not 25 cm, then it is obvious that the for- 
mula M = F/4 would have some other 
number in its denominator instead of 4. 
For example, if the reference object size 
was obtained at a distance of 33 cm, then 
the magnification observed would be 
M = F/3. Low vision practitioners have 
suggested a standard reference distance 
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of 40 cm, instead of 25 cm. As this is said 
to be a more realistic reading distance and 
the distance at which most near vision test- 
ing is conducted, resulting in the formula 
for M ~ ~ ,  = F/2.5. 

Iso-accommodative magnification 
The final type of magnification Bailey“ lists 
as manufacturer’s ratings, which has also 
been referred to as rated’ magnification, 
conventional magnification4 and iso-ac- 
commodative magnification.’ Iso-accom- 
modative magnification is defined using 
an object distance, such that the result- 
ant image is located at a standard distance 
from the eye. The reference distance used 
for comparison is chosen, so that it is equal 
to this standard image distance. The iso- 
accommodative magnification is then the 
ratio of the angle subtended at the en- 
trance pupil of the eye by the magnified 
image (a’) to the angle subtended by the 
corresponding object when viewed from 
the same distance from the eye without 
the magnifier (a). This is shown in Fig- 
ure 8. 

As 
a’ L(d) 

Miseacc= = w, 

Figure 8. Iso-accommodative magnification 

Term VIewtng distance 

Apparent magnification 

Relative magnification 
\so-accommodative magnification 

No specified viewing distance 
A standard distance chosen for comparison (usually 25 em). 
Same distance of the object and image from the eye 

L = L ’ - F  
Table 2. Terms of magnification in low vision 

For the magnifier close to eye, x = 0 

Taking d as an absolute positive value 
and D = l /d ,  then: 

L’= -D = -1/d 

F 
= I +  - D 

MisWacc is actually a type of relative mag- 
nification with the exception that the ob- 
ject is now located outside the anterior 
focal plane of the magnifjmg lens. Mrel = 

F / ~  can be applied if F is taken as the 
equivalent power of the lens-eye system. 
From Figure 8, it is clear that the eye has 
to accommodate o r  requires a reading 
addition of Fa = ‘+D’ D (where D = /d) to 
keep the image clear. The equivalent power 
of the system is thus F = F + Fa - x FF,, 

eq 

where F = power of the magnifier, x = dis- 
tance between the magnifying lens and 
the eye/reading addition. Thus: 

Again, if x is assumed negligible, then: 

When the reference distance is 25 cm, 
then the formula would be expressed by 
Miso-acc = 1 + F/4, Many textbooks have 
used this formula and regarded it as the 

original form of the iso-accommodative 
magnification. Practically, the normal 
working distance for the patient may not 
be 25 cm. Some manufacturers use this 
formula instead of the relative magnifi- 
cation formula, Mrel = F/D, given above, 
to calculate their manufacturer’s rating 
magnification using a reference distance 
of d = 25 cm. 

This is obviously not equal to the rela- 
tive magnification obtained when the ob- 
ject is located in the anterior focal plane 
of the magnifier (that is, M = F / ~ ) .  Thus 
caution must be exercised to determine 
the conditions under which the manufac- 
turer’s magnification applies. Specifically, 
three assumptions are inherent in this 
formula: 
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Figure 9. Equivalent viewing power (EVP) 

a. The magnifier is placed close enough 
to the eye such that the lens to eye 
distance is negligible. 

b. The reference viewing distance is 25 cm 
(least distance of distinct vision). 

c. The image produced by the magnifier 
is also at  a distance of 25 cm, thus 
requiring an accommodative state (or 
near reading addition) of + 4.00 D. 

If these assumptions a r e  n o t  met,  
erroneous conclusions will result. 

The three terms of magnification are 
listed in Table 2. 

The above discussion reveals the logic 
behind Bennett’s term ‘iso-accommoda- 
tive magnification’.’ The accommodative 
state of the eye remains unchanged when 
the object is viewed without the magnifier 
(at the reference object distance) and 
when it is viewed with the magnifier (at a 
distance so as to create an image at the 
standard distance from the eye). The ad- 
vantages of the iso-accommodative mag- 
nification as pointed out by Bailey4 are its 
realistic assumption that the patient will 
have an accommodative demand so that 
the image is at  the favoured distance 
closer than infinity and there is no cer- 
tain standard reference distance assumed. 
However, the shortcomings are that pa- 
tients often hold the magnifier at a distance 
longer than their normal working distance 
and every time the working task changes, 
the working distance will also change. 
Thus, the reference working distance must 
always be specified. Perhaps the concept 

of equivalent viewing power (EVP) can 
remove this obstacle, as no standardised 
reference condition is assumed. 

EQUIVALENT MEWING POWER 

The definition of magnification has be- 
come ill-defined. B a i l e ~ ~ . ~ , ~  has proposed 
a complete rejection of its use in favour 
of the term equivalent viewing power 
(EW).  This involves using the equivalent 
power of the system to represent the mag- 
nifying effect of a magnifier. The equiva- 
lent focal length of this system is termed 
equivalent viewing distance (EVD). Ac- 
cordingly, a lens (or lens system) with an 
E W  = ‘X’ D will provide the same resolu- 
tion as if the naked eye were viewing the 
object at a distance ‘x’ metres away with- 
out a magnifier, where X= l/x. 

Figure 9 shows an equivalent plus lens 
of ‘X’ dioptres, which provides the same 
resolution as any lens system that creates 
an angular subtense = a’ at the entrance 
pupil of the eye. Thus, E W  has the ad- 
vantage that it is not relative to some other 
values. Rather, it represents an intrinsic 
property of an optical system that corre- 
sponds to the resolution afforded by the 
system. By knowing the E W  of a system 
the patient’s resolution limit obtained, the 
resolution capability by any other system 
can be known using simple proportional- 
ity. For example, if the near visual acuity 
of a presbyopic patient with t2.50 D is 
20/60 (6/18) at 40 cm, an E W  of +7.50 D 
magnifier will increase the visual acuity to 
20/20 (6/6) at 13 cm. It is also useful for 
a logical and efficient conversion of one 

magnifying optical system to another, pro- 
vided the EVPs of the systems are similar. 
For example, if a tlO.OO D addition is re- 
quired to read 2 M print size, a closed cir- 
cuit television, with 5x magnification 
viewed at a distance of 50 cm with t2.00 D 
addition should also enable the patient 
to read 2 M print. 

It seems that compared with the relative 
magnification, the use of equivalent view- 
ing power (EW) is a more reliable method 
to specify the magnifying power and meet 
the practical needs of the patient. However, 
most manufacturers still use the standard 
reference distance as the basis of specifica- 
tion. Practitioners, because of convenience, 
very often use the relative magnification 
as the tentative prescription. It is best if 
there is a recognised standardised nomen- 
clature for the terms of magnification. 
Deciphering the language of magnification 
at present poses an ominous task to the 
budding low vision clinicians learning 
about low vision magnifymg aids. 
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