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The relationship between binocular vision symptoms and near point of

convergence

Momeni-Moghaddam Hamed, Goss David A', Ehsani Marzieh

Aim and Background: Due to the relatively high prevalence of binocular vision anomalies, a regular
examination including tests for assessment and determination of these anomalies is necessary. The aim
of this study was to assess the relationship between near point of convergence (NPC) and near binocular
vision symptoms and finding of an NPC cutoff point for symptoms in university students. Materials and
Methods: In this cross-sectional study, 124 students of different majors of Zahedan University of Medical
Sciences were randomly selected. If they met the inclusion criteria, they were divided into two groups
(symptomatic and asymptomatic) according to the convergence insufficiency symptom survey questionnaire.
For NPC measurement, a small isolated letter “E” of approximately 20/30 size on a metal rod was used.
After data collection, data were analyzed in SPSS.17 software (SPSS for Windows, SPSS Inc., Chicago,
IL) using descriptive and analytical statistics, including Mann—Whitney U test and receiver operating
characteristic (ROC) curve. Results: The mean NPC findings in the symptomatic and asymptomatic
groups were 11.7 + 5.0 and 8.4 + 3.4 cm, respectively, with a significant difference between the two groups
(P <0.001). The ROC curve suggests an NPC cutoff point of 9.5 cm for the presence of symptoms with the
testing procedures used in this study. Conclusion: The determination of NPC is helpful in the differentiation
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of symptomatic from asymptomatic subjects.
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Binocular vision anomalies are among the most common visual
disorders, and they may be associated with symptoms such
as headache, asthenopia, pain in the eye, occasional diplopia,
intermittent blurred vision, and swimming of print during
reading.!"! About 20% of patients who come to optometry
clinics will have binocular vision anomalies or decompensated
heterophoria.”? Due to the high prevalence of binocular
vision anomalies, a regular vision examination is advisable
for identification of these disorders. Convergence function is
evaluated with clinical tests to determine whether the visual
system can provide the patient’s vergence needs at near. The
evaluation of the convergence system is an important part of
binocular vision testing. The NPC is one of the most commonly
used tests in eye examination®* and often is used as a vision
screening test.! It is also an important finding in the diagnosis
of convergence insufficiency (CI).[? A more remote NPC than
normal is one of the important signs in the diagnosis of CL"#

During the NPC test, a suitable target is brought slowly
toward the eyes along the median line until the patient reports
diplopia and/or the examiner observes that one eye has turned
outward.”! According to von Noorden’s criterion, the NPC
should be at a distance of 8-10 cm or less from the eyes in
normal conditions, and a more remote NPC will be associated
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with symptoms.I"” Shippman et al.l'"l reported an evaluation of
the NPC in patients with normal binocular vision and with CI.
The mean NPC findings were 5.0 cm (range, 1-15 cm) for those
with normal binocular vision and 7.9 cm (range, 1-20 cm) in
those with CI, but the type of target used was not reported."!
The purpose of this study was to provide further assessment of
the relationship between NPC and binocular vision symptoms.

Materials and Methods

In this cross-sectional study, students of Zahedan University
of Medical Sciences were randomly selected from the list of
students. 124 students who met inclusion criteria were entered
into the study. Before starting this study, permission was
obtained from the ethics committee of the University of Medical
Sciences. The participants were introduced to the project and
their informed consent was obtained before participation.
Inclusion criteria were visual acuity at least 20/30 or better in
each eye at 6 m and 40 cm with or without correction, absence
of strabismus at 6 m and 40 cm with cover test, and no history
of ocular trauma or ocular disease.™

Refractive errors were determined by retinoscopy (Heine
3-200 retinoscope). Cycloplegic retinoscopy was performed
with cyclopentolate 1% if any of the following were found:
esophoria, especially decompensated phoria according to slow
or jerky recovery movement on cover test; unstable objective
or subjective refraction; or large discrepancy between objective
and subjective results.”! The results of retinoscopy were refined
by subjective refraction using trial case and cross cylinder (for
checking of cylinder axis and power) and then dissociated red-
green balance test was performed. After this, we used plate 4
of the TNO test to rule out suppression.

The near heterophoria was determined using the alternate
prism cover test method with best correction in a trial frame.
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Subjects fixated on an accommodative target, a small isolated
letter “E” of approximately (6/9) size from reduced Snellen
chart, on ametal rod at eye level at 40 cm. As the alternate cover
test was performed, the prism power was adjusted until there
was no recovery movement in either eye. For confirmation
of the neutral point, the prism power was increased until
a reversal movement was seen. The prism power was then
reduced until no movement was seen.

The subjects were divided into two groups (symptomatic
and asymptomatic) according to convergence insufficiency
symptom survey (CISS) questionnaire. The CISS questionnaire
is a valid and reliable questionnaire which consists of 15
questions designed to determine symptoms associated with
near work, quantitatively. It can be used for evaluation
of symptoms in school-age children (8-13 years) and also
for adults (19-30 years). When used in adults, a score >21
distinguishes symptomatic from asymptomatic subjects.l Hence,
subjects with a survey score 21 or greater were considered to
be symptomatic. See Appendix A.

For determination of NPC, a small isolated letter “E” of
approximately 20/30 size from a reduced Snellen chart was
moved along a metal rod [Fig. 1] in the subject’s midline. The
target was moved gradually from 40 cm toward the bridge of
the nose of the subject at a rate of approximately 3-5 cm/s.[""!
The subjects were instructed to keep the target single during
the test and report when it appeared double (break point).
The distance between break point to the plane of the lateral
canthus was measured with a millimeter ruler. In cases in
which subjects did not report diplopia, the examiner measured
the distance at which one eye lost its fixation on the target. For
each subject the NPC was measured once after giving adequate
instructions to them.

One examiner asked the subjects the questions about
presence of symptoms and another examiner measured the
NPC. All testings were performed with full room illumination
which should be at least 12-20 footcandles (130-215 lux).[

After data collection, data were analyzed using SPSS.17
software (SPSS for Windows, SPSS Inc., Chicago, IL) with
descriptive and analytical [Mann-Whitney U test and receiver
operating characteristic (ROC) curve] statistics. A ROC curve
is a graphical technique in which the sensitivity values are
plotted on the Y-axis, and the X-axis is 1 minus the specificity.
Hence, a ROC curve is a way to illustrate the sensitivity
and specificity of a clinical test for different cut points, thus
permitting the determination of a best differential diagnostic
cut point. For example in the ongoing study, for values above
this specified cut point, we say the subjects will be more likely
to be symptomatic and for values below it, they will be more
likely to be asymptomatic. In all tests, the significance level
was considered to be 0.05.

Results

Of the 124 students under study, 75 (60.4%) were female and
49 (39.6%) male. The mean ages in all subjects and separately
in females and males were 21.1 +2.1,22.1 +3.2, and 21.8 + 2.1
years, respectively. Asymptomatic and symptomatic subjects
numbered 82 subjects (66.1%) and 42 subjects (33.9%). The
mean score of CISS for the symptomatic and asymptomatic
group was 35.8 £10.2 and 13.3 + 6.5. The Mann—Whitney U test

showed a considerable difference in the mean score between
the two groups (P <0.001).

Among females, symptomatic and asymptomatic subjects
numbered 28 subjects (37.3%) and 47 subjects (62.7%), and in
males 14 subjects (28.5%) and 35 subjects (71.5%), respectively.

The mean refractive errors in the two eyes of subjects are
shown in Table 1.

The Mann-Whitney U test did not show a significant
difference in the mean of sphere, cylinder, axis of astigmatism,
and spherical equivalent between the two groups (P > 0.05).

The means and standard deviations for near heterophoria
were as follows: all subjects (—4.2 + 3.1), symptomatic subjects
(5.6 + 3.1), and asymptomatic subjects (-3.5 * 2.9) prism
diopters. The negative sign indicates exophoria. The Mann—
Whitney U test showed significant difference in the mean of
near deviation between the two groups (P =0.01).

The mean NPC was 9.5 + 4.5 cm in all subjects and was
11.7+5.0 and 8.4 +4 cm in the symptomatic and asymptomatic
groups, respectively. The statistical indices for NPC are
displayed in Table 2.

The Mann-Whitney U test showed a significant difference
in the NPC means between symptomatic and asymptomatic
subjects statistically (P < 0.001).

Fig. 2 can aid in the visualization of NPC difference between
two groups. Fig. 2 shows the NPC is higher in symptomatic
subjects than in asymptomatic subjects, and the variance
of NPC to be greater in the symptomatic group than in the
asymptomatic group.

For determination of the near point of convergence which
showed the best sensitivity and specificity for separating
symptomatic from asymptomatic subjects, we used the ROC
curve [Fig. 3].

Based on the ROC curve analysis and determination of the
sensitivity and specificity values, the cutoff point of the near
point of convergence which yielded the maximum value of the
sum of sensitivity and specificity was 9.5 cm.

At a cutoff point of 9.5 cm, the sensitivity was 71.4% and
the specificity was 72.0%. In other words, of the symptomatic
subjects, 71.4% had an NPC greater than 9.5 cm and 72.0% of the
asymptomatic subjects had an NPC of a subject less than 9.5 cm.

Discussion

The findings of this study demonstrate a statistically significant
difference in NPC between symptomatic and asymptomatic
subjects. If there is a remote NPC, maintenance of clear, single,
comfortable, and efficient binocular vision at the desired
working distance can be difficult and the subject may be
symptomatic during near point activities.

In this study, we found that the mean NPC was 8.4 cm.
Several other studies have examined the NPC in children.
Hayes et al. determined near point of convergence with push-
up method by use of an accommodative target in kindergarten,
third grade, and sixth grade children and reported the values of
3.3,4.1, and 4.3 cm, respectively." Rouse et al.'? and Borsting
et al.”"measured NPC with the push-up method in 8- to 13-year-
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old subjects and reported average values of 2.7 and 3.0 cm,
respectively. The value reported by Chen et al. in the age range
of 1-18 years was 1.9 cm.!"™ We used center of rotation (lateral
canthus) instead of the spectacle plane or the bridge of the nose
as in previous studies. Maples et al. mentioned that the mean
of NPC break in elementary school children for differential
diagnosis of symptomatic from asymptomatic is 5.0 cm or
less.['®l Jiménez et al.'" reported a mean NPC break in children

Figure 1: Used target for determination of near point of convergence
(our self-production)
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Figure 2: Near point of convergence in the symptomatic and
asymptomatic groups. Error bars indicate 95% confidence interval

Table 1: Mean and SD sphere, cylinder, and axis of
astigmatism and spherical equivalent in two groups

Group Refraction
Sphere Cylinder Axis SE
(Diopter) (Diopter) (Degree) (Diopter)

Mean £ SD Mean + SD Mean = SD Mean = SD

Asymptomatic -0.69 +1.6 -0.11+0.2 39.1+69.0 -0.63+1.5
group
Symptomatic
group

-0.72+16 -0.10+0.2 37.0+69.4 -0.67+15

of 5.2 cm with a penlight. Those studies found lower values for
NPC than in this study. They moved the target in free space
rather than using a carrier rod for the target.

Studies that have used a carrier rod, such as an RAF
rule, for NPC measurement have generally had higher NPC
measurements than when target was moved in free space. The
study results from Adler et al.'®! appear to confirm that the
difference can largely be explained by the movement of the
target on a carrier rod rather than in free space. They found
a more remote NPC with the RAF rule than with targets in
free space.

In the results presented here, the NPC was more remote in
the symptomatic group. ROC analysis suggested that an NPC
farther than 9.5 cm with the testing procedures used in this
study (particularly with a carrier rod to hold the letter target)
was more likely to be associated with symptoms. It may be
useful to have similar studies done in other age groups or
locations, or in subjects with heavy near work demands such
as computer users.

Conclusions

Mean NPC findings were different in the symptomatic and
asymptomatic groups. Evaluation of NPC is important in
persons with high near task demands.

Acknowledgements

We thank the students who participated as subjects in this study.

1.0 X
%
7
o"
0.8 7
:/
=
:"
2 06+ i
.a ‘/
= S
3 7’
“ 0.4+ o
d
o"
7
0.24 s
"
"
:”
0.0 T T T T 1
00 02 04 06 08 10
1 - Specificity

Figure 3: The receiver operating characteristic for determination of
the near point of convergence cut-off point

Table 2: Summary statistics for near point of convergence
in all subjects and separately in symptomatic and
asymptomatic ones

Subjects Mean = SD Median 95% ClI P
(cm) (cm) (cm)

Asymptomatic 8.4+ 4.0 8 7.5-9.2 <0.001

Symptomatic 11.7£5.0 12 10.1-13.2

All 9.5+45 9 8.7-10.3

ClI: Confidence interval
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Appendix A: Convergence insufficiency symptom survey Questionnaire used for study which entitled the relationship
between binocular vision symptoms and near point of convergence
[\ F=T [ Age: ........... Gender: .....cccceeveerrnninnes [ DI (=

Never Infrequently (Not Sometimes
(0) very often) (1) (2)

Fairly Always
Often (3) (4)

Do your eyes feel tired when reading or doing close work?

Do you have headaches when reading or doing close work?
Do you feel sleepy when reading or doing close work?

Do you lose concentration when reading or doing close work?
Do you have trouble remembering what you have read?

Do you have double vision when reading or doing close work?

0 N o o~ ODND =

page when reading or doing close work?
9 Do you feel like you read slowly?
10 Do your eyes ever hurt when reading or doing close work?

11 Do your eyes ever feel sore when reading or doing close work?
12 Do you feel a “puffing” feeling around your eyes when reading or

doing close work?

Do you see the words move, jump, swim, or appear to float on the

Do your eyes feel uncomfortable when reading or doing close work?

13 Do you notice the words blurring or coming in and out of focus when

reading or doing close work?

14 Do you lose your place when reading or doing close work?
15 Do you have to re-read the same line of words when reading?

Total Score: ......oeevvvvrennens
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