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ABSTRACT
Purpose: To compare the measurement of AC/A ratios while using the gradient method with plus or minus lenses at a
fixed near point
Method: A convenience sampling method of 30 Malaysians aged 13 to 30 years was used in this study. Relevant
demographic and clinical data were obtained. The measurement of the near phoria was performed with a Maddox wing
using both plus and minus lenses. The AC/A ratios with ±3.00 diopter (D) lenses were compared. The data were analyzed
using the Wilcoxon Signed Rank test to investigate the changes in AC/A ratio while using plus and minus lenses.
Result: The mean age of the subjects was 23.46±5.09 years. The mean AC/A ratios with plus lenses and minus lenses
were 2.14±0.85 and 1.53±0.71, respectively. The AC/A ratio measured via the gradient method was significantly different
(p=0.002). However, the association of AC/A ratio and phoria among gender and age groups was not significant (p>0.05).
Conclusion: This study shows that the gradient AC/A ratio with a +3D lens is significantly different from a -3D lens.
Clinically, we should use both plus and minus lenses while measuring the AC/A ratio with the gradient method rather
than a single lens type.
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Introduction
The AC/A ratio is a measurement of the convergence
induced per diopter of accommodation. It is measured to
determine the change in accommodative convergence that
occurs when the patient stimulates or relaxes accommodation.
The AC/A finding is important in diagnosing and treating
binocular vision anomalies.1 Two types of AC/A ratios are
described in the literature: the stimulus and the response
AC/A. The stimulus AC/A ratio reflects the alteration of
convergence capacity as the eyes are stimulated with lenses
of different fraction power or with different object distances,
resulting in different accommodation.2 The response AC/A
ratio reflects the ratio of accommodative response, which
usually is not measured in the clinic, to the alteration of
convergence capacity.2 The response AC/A ratio should be
1.08-fold greater than the stimulus AC/A ratio due to the
lag of accommodation.2 The accommodative response will be
about 10% less than the stimulus.3 Thus, when we measure
accommodative response directly, we find that for a +2.50D
(40 cm) stimulus, there will be a lag of accommodation of
about +0.25 to +0.75D.3
Ludwig et al. classified high AC/A ratios into three grades
according to the amount of disparity. The grades described
were grade 1 (10-19∆), grade 2 (20-29∆), and grade 3 (30∆ or
greater). A disparity of 0 to 9∆ is considered a normal AC/A
ratio.4 The AC/A ratio is inversely related to the adaptability of
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tonic accommodation (lens adaptation) and directly related to
adaptability of tonic vergence (prism adaptation).5 Therefore,
the distance phoria depends on the tonic vergence of the eyes,
and the near phoria depends on the AC/A ratio.
Clinically, there are three methods used to determine the
AC/A ratio: the gradient, fixation disparity, and calculated
heterophoria methods.6 Though all of the methods are simple,
practical, and often used interchangeably, they are really
quite different. The heterophoria method involves phoria
measurement and simple mathematical calculation using
the subject’s inter-pupillary distance. The gradient AC/A
measures the amount of convergence generated by a diopter
of accommodative effort. The AC/A ratio computed using
the heterophoria method is usually greater due to the effect of
proximal convergence. Therefore, the gradient method gives a
true estimate of the AC/A ratio because of the consistency of
proximal, fusional, and tonic convergence.7
The measurement of the AC/A ratio is influenced by
the use of plus or minus lenses along with different fixation
distances. Jackson et al. showed that the mean gradient AC/A
measured with plus lenses was statistically identical to the
AC/A with the minus lens method.8 A comparison study
of AC/A ratios was performed among 50 healthy primary
school children by Amaechi et al. They found that there was a
clinically significant difference between plus and minus lenses.
This study has recommended that borderline patients should
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Table 1. Comparison of AC/A Ratio by Using Plus and
Minus Lenses

Table 2. Comparison of Near Phoria between Plus and
Minus Lenses

AC/A

Mean±SD

P-value

Near Phoria

Mean±SD

P-value

+3.00D

2.14±0.85

0.002

+3.00D

-6.90±3.15

0.01

-3.00D

1.53±0.71

-3.00D

3.96±2.41

Wilcoxon signed rank test

Wilcoxon signed rank test

have gradient AC/A assessment through both lenses for more
precise diagnosis and management.9
Havertape et al. found variability in the AC/A ratio with
plus versus minus lenses. The study was performed on subjects
having accommodative esotropia.10 They concluded that
further studies using the gradient method in patients without
significant distance disparity are required.10 In our study, the
gradient method was performed on orthophoric patients and
only at a fixed near distance. The use of a low-powered lens
for the gradient method is not as effective as using a higherpowered lens.11 Therefore, ±3.00D lenses were adopted in
order to determine the variation in the AC/A ratio by using
the gradient method for a fixed fixation distance.

Methodology
A cross-sectional study was conducted with 30 Malaysian
subjects, aged 13 to 30 years, regardless of gender and race
from both east and west Malaysia. Subjects were seen within
a period of six months at the Twintech Vision Care Center.
Written informed consent was obtained from all subjects.
Subjects with a best-corrected visual acuity of 6/6 and N6 were
included study, and those having any ocular pathology, eye
movement disorder, binocular vision anomaly, systemic illness,
or who were currently using contact lenses were excluded. A
detailed history was obtained from each subject, followed by
measurement of:
• visual acuity
• objective and subjective refraction
• pupillary evaluation
• near point of accommodation
• near point of convergence
• negative and positive relative accommodation
• negative and positive fusional vergence for both
distance and near
• accommodative and vergence facility
• monocular estimation method retinoscopy
• cover test
• version and duction eye movements
• slit lamp and fundus examination
After successful completion of initial assessments, those
who passed the inclusion criteria were included in the study.
Near phoria for each subject was measured by using a Maddox
wing at a distance of 33cm. The Maddox wing is a suitable
dissociation test. The horizontal deviation is typcially measured
first. The instrument uses a septum so that one eye sees a scale,
and the other eye sees an arrow. The number on the scale to
Volume 4 | Issue 4 | 2016, August

Table 3. Comparison of Near Phoria between Genders
Gender

Mean±SD

P-value

Male

0.5681±1.131

0.374

Female

0.2857±0.699

Mann-Whitney test

which the arrow points indicates the horizontal deviation.
This instrument is also suitable for measuring the AC/A ratio.
The Maddox wing test also has a scale for measuring vertical
heterophoria and cyclophoria. These aspects of the test are
particularly useful because cyclovertical deviations are difficult
to detect with a cover test.12 The AC/A ratio was calculated by
using the gradient method for both +3.00D and -3.00D lenses
on top of the best distance correction. The use of the Maddox
wing allowed the interpupillary distance and vertex distance
to be kept constant during the measurements. Data analysis
was carried out by using SPSS 16.0 software. The normality
of the data was checked by using the Shapiro-Wilk test. The
Wilcoxon signed rank test was used to assess the significance of
the AC/A ratio changes while using the plus and minus lenses.
The Kruskal-Wallis Test was performed to find the correlation
for near phoria and AC/A ratio using a plus or minus lens
among three age groups. The Mann-Whitney test was also
performed to determine the correlation between near phoria
and gender with plus and minus lenses.

Results
This study had a total of 30 subjects; 22 subjects were
male (73%), and 8 subjects were female (27%). Subjects
were categorized into three subgroups based on age: 13-18,
19-24, and 25-30 years. A clinically significant difference
was observed for both AC/A ratio (p=0.002) and near phoria
(p=0.01) while using minus and plus lenses, as shown in Tables
1 and 2, respectively. No clinically significant association was
established for gender and age group with near phoria (p>0.05)
and AC/A ratio (p>0.05), as shown in Tables 3-6.

Discussion
The prime focus of this study was to compare the effect of
plus and minus lenses on the AC/A ratio by using the gradient
method. Our desire was to determine whether the use of plus
or minus lenses has a similar impact or whether using both
lenses is necessary in clinical practice.
This study shows that a significant difference exists
between the AC/A ratio when using two different lens powers.
In contrast, a study done by Jackson et al. found that the mean
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Table 4. Comparison of AC/A Ratio between Genders
AC/A

Gender

Mean±SD

P-value

+3.00D

Male

1.955±0.655

0.100

-3.00D

Female

2.617±1.095

Male

1.440±0.692

Female

1.782±0.679

0.226

Mann-Whitney test

Phoria (Mean±SD)

P-value
0.707

13-18

-0.4±1.33

19-24

-1.25±2.43

25-30

-0.625±0.932

Kruskal-Wallis test

gradient AC/As while using plus (+3.00D) and minus (-2.00D
and -1.00D) lenses were statistically identical.8 The study was
performed using 69 patients who were divided into disparity
(near measurement less than 10∆ of distance measurement) and
distance-near disparity groups. The mean AC/A ratios while
using plus lenses and minus lenses for the non-disparity group
were 2.3/1±0.2 and 2.1/1±0.3, whereas for the disparity group,
they were 5.1/1±0.5 and 5.3/1±1.1. The student t-test revealed
no statistically significant difference in the gradient AC/A ratio
for either the non-disparity (p=0.70) or the disparity group
(p>0.8).8 The results of this study contradict our study results
because of different sample size, age groups, and methodologies
of phoria measurements. We believed that using higher-strength
lenses such as ±3.00 would yield clinically more significant
results, as recommended by Von Noorden.7 Martens and Ogle
found that with normal binocular vision within non-diplopic
and non-blur domains, the accommodative convergence
induced by optic lenses exhibited 90% linear correlation in
a sample of 250.11 Havertape et al. showed similar results to
our study, where the AC/A ratio was calculated for 45 subjects
with accommodative esotropia by using plus or minus lenses
in the gradient method.10 The gradient method appears to give
variable results if performed on subjects with a disparity and
abnormal AC/A ratio. This finding contradicts Jackson’s study,
which found no variability in the AC/A ratio measurement
between disparity and non-disparity groups.8 Another study
by Amaechi et al. showed a significant difference (p<0.05) in
the gradient AC/A ratio through ±1.00D lenses. The mean
AC/A ratio through +1.00D was 3.4±1.4 and through -1.00D
was 4.2±2.0. This study supports our study findings, where we
also found a significant difference (p=0.002) between gradient
AC/A through ±3.00D lenses, although both studies use two
different techniques for phoria measurement. In our study, we
used the Maddox wing technique for measuring near phoria,
whereas Amaechi et al. used the Von Graefe technique.9
In our study, we also found a statistically significant
difference for near phoria measurements while using plus or
minus lenses. Our findings are supported by Scattergood et al.,
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Age Group

AC/A ratio
+3.00

P-value

-3.00

P-value

0.707

1.6625±0.784

0.707

13-18

1.8675±0.641

19-24

2.2488±0.911

1.8066±0.749

25-30

2.2384±0.893

1.2615±0.494

Kruskal-Wallis test

Table 5. Association between Near Phoria and Age Group
Age Group

Table 6. Association between AC/A Ratio and Age Group

who demonstrated that plus lenses decrease and minus lenses
increase the measured strabismic deviation.13 Our study is also
supported by Vidhyapriya et al., where the effect of +2.00D
on accommodation and phoria was measured binocularly
and monocularly. This study found that near phoria showed
a significant increase towards exophoria by 6∆±0.56 upon the
introduction of +2.00D lenses.14
When phoria was compared amongst the age groups, no
significant difference in near phoria was found (p=0.707).
Our results contradict the findings from AlAnazi et al., where
near phoria differed significantly (p<0.0001) across age groups
(20-67 years) and correlated positively with age (r2=0.27,
p<0.0001).15 It is theorized that this contradicts our result
because of smaller sample size and a narrow age range (1330 years). Also, in our study, we used the Maddox wing to
measure the near phoria, whereas in AlAnazi’s study, they
used the Saladin card placed at 40 cm with an illumination
level of 300 lux. Differences can be attributed because of
unequal methodology, especially the method of determining
and measuring heterophoria. In another study, Chung et al.
showed no significant difference between near phoria and age
(p=0.99), which is similar to our study.15 The near phoria data
were collected with the Maddox wing technique, which is
believed to have good validity and repeatability.16,17
Yekta et al. divided the age group into pre-presbyopic (1039 years) and presbyopic (40-69 years), where the associated
heterophoria and fixation disparity increased towards more
exo-direction with increasing age.18 Fixation disparity and
associated heterophoria are related to binocular problems
for near vision in all age groups.18 Ciuffreda investigated 42
subjects using a subjective haploscope-optometer to show
that the stimulus AC/A significantly decreased with age
(approximately 0.04 delta/D/year), whereas the response AC/A
exhibited a significant increase with age (approximately 0.08
delta/D/year).19 For subjects above 45 years of age, the AC/A
could not be reliably assessed due to minimum accommodative
response.19 In our study, age ranges were between 13 and 30
years, whereas Ciuffreda’s study included an age range of 22-65
years. Different techniques to measure AC/A ratio could also
account for the differences between study results. Mutti et al.
examined how the response AC/A varied as a function of age
in an age group of 6 to 14 years.20 The response AC/A ratio
was found not to change as a function of age.20 Although all of
the above-mentioned studies adopted different techniques for
measurement compared to our study, they each demonstrated
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no statistically significant difference in stimulus or response
AC/A in relation to age.
The current study did not show a significant association
of near phoria with gender (p=0.374). Our study contradicts
the findings of Makgaba, who demonstrated a statistically
significant variation between near phoria and gender
(p<0.05).21 No significant gender variation for distance phoria
was observed, but there was a statistically significant gender
variation in the near horizontal phoria.21 Near horizontal
heterophoria in females ranged from 17∆ esophoria to 15∆
exophoria, with a mean of 3.56∆ exophoria ±4.99. For males,
near phoria ranged from 11∆ esophoria to 15∆ exophoria,
with a mean of 4.28∆ exophoria ±4.46. Analysis of variance
indicated that there was no statistically significant gender
variation in vertical heterophoria values (p>0.05), but there
was a statistically significant gender variation in near horizontal
heterophoria values (p<0.05).21 In our study, vertical phoria
was not measured, and the finding of an association between
heterophoria and gender does not support the study result
by Makgaba et al. due to the huge difference in number of
subjects. The age group in this study covers only the middle age
range from 13 to 30 years, which hampers greater comparison.
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To measure the AC/A ratio, it is necessary to change
the subject’s accommodation and to measure the associated
changes in convergence. This study shows that gradient AC/A
ratio with a +3D lens is significantly different from a -3D
lens. Age and gender showed no special relationship with the
measurement of gradient AC/A ratio. Clinically, we should use
both plus and minus lenses while measuring AC/A ratios with
the gradient method rather than a single lens type.
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