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Background: It has been reported that exotropia was seen in 16.9-23% of patients with 
strabismus. Exophoria and exotropia may be caused by congenital or acquired anomalies 
in orbital structure, ocular structure, or extraocular muscle attachment and/or location. 
Planning conservative treatment or time and amount of surgery for patients with exotropia 
will require advances in diagnostic techniques for the ocular motor and sensory system.
Purpose: To determine the features of the state of accommodation and state of fusion in 
patients with constant and intermittent exotropia.
Material and Methods: Fifty nine patients with exotropia (age, 10 to 21 years) were under 
surveillance. Of these, 33 (group 1) had constant exotropia and 26 (group 2), intermittent 
exotropia. The near point of convergence, the accommodative convergence–accommodation 
(AC/A) ratio and phoria and near and distance and fusion were assessed. Patients underwent 
a routine eye examination. In addition, the near point of convergence was determined by the 
proximeter, the AC/A ratio was measured by the heterophoria method, and fusional reserves 
were measured using the synoptophore method.
Results: High AC/A ratios were more common in constant exotropia than in intermittent 
exotropia (53.5% versus 38%, respectively), likely due to a low accommodative 
convergence. The AC/A ratio was found to be statistically significantly correlated with the 
angle of deviation at distance in group 1 (r=0.71), angle of deviation at distance in group 
2 (r=0.65), and angle of deviation at near in group 1 (r=-0.61) (p < 0.05). The interaction 
of accommodation and convergence was impaired since the AC/A ratio in both groups 
was greater than a norm value of 3-5 diopters per prism diopter. This should be taken into 
consideration when prescribing optical correction and orthoptic treatment for exotropia.
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Introduction
It has been reported [1] that exotropia was seen in 

16.9-23%of patients with strabismus. Exophoria and 
exotropia may be caused by congenital or acquired 
anomalies in orbital structure, ocular structure, extraocular 
muscle attachment and/or extraocular muscle location [2]. 
The Duane’s classification is based on the difference in 
deviation for near and distance and was proposed 100 years 
ago. Classifications based on other factors such as state 
of fusion, state of convergence and primary or secondary 
deviation, have been proposed. The presence of apparent, 
intermittent or subtle deviation is controlled by fusion [3-
8]. Intermittent deviation can occur in a patient with equal 
visual acuities, normal dextraversion and levoversion, 
and concomitant A or V patterns. Of note that insufficient 
convergence or excessive divergence does not allow to 
determine the cause of exotropia. The time during which 
the eyes are in the normal position or squint is important 
for clinical features of treatment of exotropia. Planning 
conservative treatment or time and amount of surgery for 
patients with exotropia will require advances in diagnostic 
techniques for the ocular motor and sensory system.

Although there have been isolated reports on the 
necessity of the assessment of the ocular vergence 

system, particularly, the accommodative convergence–
accommodation (AC/A) ratio, when prescribing 
conservative treatment for strabismus, the AC/A ratio 
in exotropia has been rather poorly investigated [1, 
8, 9]. There have been isolated reports on the state of 
convergence, fusional capacity, and type of binocular 
vision in exotropia [10, 11].

Material and Methods
Fifty nine patients with exotropia (age, 10 to 21 

years; mean best-corrected visual acuity, 0.8 ± 0.3; mean 
refractive error, 0.95 ± 2.8) were under surveillance. Of 
these, 33 (group 1) had constant exotropia and 26 (group 
2), intermittent exotropia. The angle of strabismus at 
distance and at near were 36.6 ± 2.8 and 16.6 ± 2.5 prism 
diopters, respectively, for group 1, and 30.6±2.8 and 
14.0±2.3 prism diopters, respectively, for group 2, with no 
significant difference between groups (p > 0.05).

Patients underwent a routine eye examination. In 
addition, the near point of convergence was determined 
by the proximeter, the AC/A ratio was measured by the 
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heterophoria method (AC/A = ipd + (phoria at distance – 
phoria at near)/3, where ipd is the interpupillary distance 
in centimeters), and fusional reserves were measured using 
the synoptophore method.

The study followed the ethical standards stated in 
the Declaration of Helsinki, the European Convention 
on Human Rights and Biomedicine and relevant laws of 
Ukraine.

Statistica 8.0 (StatSoft, Tulsa, OK, USA) software 
was used for statistical analysis. Mean (M) and standard 
deviations (SD) were calculated for quantitative variables. 
The level of significance p ≤ 0.05 was assumed. Multiple 
post hoc comparisons were performed using the Newman–
Keuls correction or chi2 test for contingency table analysis.

Results
The mean near point of convergence was 8.8±0.9 

cm for group 1 compared to 8.6±0.6 cm for group 2, 
but the difference was not significant (р = 0.33). There 
was no significant difference in the AC/A ratio between 
patients of group 1 and patients of group 2 (4.1 ± 2.08 
diopters per prism diopter versus 3.6 ± 1.35 diopters per 
prism diopter, respectively, compared to a norm value 
of 3-5 diopters per prism diopter) (Fig. 1). In addition, 
the mean accommodative convergence was 12.4 ± 6.24 
prism diopters for group 1 compared to 10.8 ± 4.05 prism 
diopters for group 2 (Fig. 2).

The synoptophore demonstrated a capacity for fusion 
significantly more frequently in patients of group 2 than 
in patients of group 1 (53.8% versus 24.4%; χ2 = 6.2, р = 
0.001; χ2 = 4.71, р = 0.03).

The correlation analysis was conducted to find out 
if there was an association of the AC/A ratio and visual, 
binocular and oculomotor functions in patients with 
constant versus intermittent exotropia. The AC/A ratio was 
found to be statistically significantly correlated with the 
angle of deviation at distance in group 1 (r=0.71), angle 
of deviation at distance in group 2 (r=0.65), and angle of 
deviation at near in group 1 (r=-0.61) (p < 0.05). The data 
are presented in Figures 3, 4, and 5.

It is well seen that the angle of deviation at distance 
in both groups was positively correlated with the AC/A 
ratio, whereas the angle of deviation at near in group 1 
was negatively correlated. In addition, the AC/A ratio 
was positively significantly correlated with the angle of 
deviation at distance in constant exotropia (r=0.72; Fig.4) 
and intermittent exotropia (r=0.65; Fig. 5). However, 
the AC/A ratio did not correlate with visual acuity, color 
test data, or stereoacuity thresholds. The color test found 
binocular vision in 25.2% of patients of group 2, but in 
no patients of group 1, whereas simultaneous vision was 
found in 10.5% of patients of group 1.

Discussion
Brown [12] suggested that preoperative determination 

of the AC/A ratio may be helpful in predicting the extent to 
which a patient may respond to plus lenses when surgical 
overcorrection is obtained. Also, a patient with a high AC/A 

ratio and a basic exodeviation will manage to keep the 
eyes aligned when exerting normal accommodative effort 
at near fixation. Such a patient will respond well to minus 
lenses prescribed to reduce the distant deviation. Several 
authors [8, 9] have commented on the high incidence of 
high AC/A ratios in patients with exodeviations. On the 
other hand, von Noorden [1, 12], who determined the AC/A 
ratio over a range of 6D with +3.00 and -3.00 lenses in 46 
patients with an apparent divergence excess, found that the 
AC/A ratio ranged from 3.3 to 9. We noted that high AC/A 
ratios were more common in constant exotropia than in 
intermittent exotropia (53.5% versus 38%, respectively), 
likely due to a low accommodative convergence. Fusion 
was observed more frequently in patients with intermittent 
exotropia (53.8%) than in those with constant exotropia 
(24.4%), χ2 = 6.2, р=0.001. On the synoptophore, 
functional scotoma was demonstrated in 75.6% of patients 
with constant exotropia and in 46.2% of patients with 
intermittent exotropia. The near point of convergence was 
larger in group 1 than in group 2 (8.8 ± 0.9 cm versus 8.6 
± 0.6), but the difference was not significant.

Therefore, in exophoria with constant or intermittent 
strabismus, the accommodative convergence is less 
than a norm 15.0 prism diopters required for keeping 
the eyes aligned. In the current study, the interaction of 
accommodation and convergence was impaired since the 
AC/A ratio was greater than a norm value of 3-5 diopters 
per prism diopter. This should be taken into consideration 
when prescribing optical correction and orthoptic treatment 
for exotropia.
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Fig. 1. AC/A ratio in patients with constant exotropia (1) 
and intermittent exotropia (2)

Fig. 2. Accommodative convergence in patients with 
constant exotropia (1) and intermittent exotropia (2)

Fig. 3. Relationship between the angle of deviation at near and the AC/A ratio 
in patients with constant exotropia (group 1)
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Fig. 4. Relationship between the angle of deviation at distance and the AC/A ratio in patients 
with constant exotropia (group 1)

Fig. 5. Relationship between the deviation at distance and the AC/A ratio in patients with 
intermittent exotropia (group 2)


