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Under photopic conditions, CS in the overcorrection group 
was significantly worse than that in the successful correction 
group at all visual angles (all P<0.001). In both groups, CS 
significantly decreased at all visual angles when glare was 
added, with significant difference in CS between the groups 
(all P<0.001; Figure 2C-2D).
All patients except one (96.4%) in the successful correction 
group and 8 patients (61.5%) in the overcorrection group 
showed improvement in photophobia postoperatively, which 
correlated with CS under photopic conditions (P=0.001 and 

0.03 for the successful correction and overcorrection groups, 
respectively). No significant correlation was found between 
subjective symptom and CS under mesopic conditions (P=0.66 
and 0.09 for the successful correction and overcorrection 
groups, respectively).
DISCUSSION
IXT is the most common form of exotropia, and patients 
often complain of blurred vision, ocular fatigue, headache, 
diplopia, and photophobia. The reported prevalence of 
photophobia in IXT varies from 54% to 65.5%[8-10]. However, 

Figure 1 CS test under mesopic conditions  A: Preoperative CS without glare; B: Preoperative CS with glare; C: Postoperative CS without 
glare; D: Postoperative CS with glare.

Figure 2 CS test under photopic conditions  A: Preoperative CS without glare; B: Preoperative CS with glare; C: Postoperative CS without 
glare; D: Postoperative CS with glare.
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the mechanism has not been clarified and only a few 
hypotheses were suggested. Some claim that diplopia and 
binocular photophobia are caused by an inability to suppress 
under bright light[10]. Others have claimed that, outdoors, 
there is insufficient stimulus to trigger convergence so fusion 
is blocked by light stimulus, leading to manifest strabismus, 
and this loss of control on alignment could be related to 
photophobia[11-12]. Likewise, children with exotropia often 
complain of photophobia under bright light[13], which is 
consistent with the findings of this study where the CS changed 
depending on the absence or presence of glare under photopic 
conditions. Further, improvement of CS after BLR at all visual 
angles except 0.64° under photopic conditions in both groups 
corresponds with previous studies as well.
The study results are distinct from those of Chung et al[7], 
which showed statistical agreement of CS under mesopic 
conditions with subjective photophobia in the children with 
IXT. These differences can be explained by the difference in 
setting value on CS test. Previous studies usually performed CS 
test using Optec 6500 vision testing system, under the setting 
of a background luminance of 3 cd/m2 for mesopic conditions 
and 85 cd/m2 for photopic conditions, and glare stimuli of 
1 lx and 10 lx, respectively. Consequently, the difference in 
intensity of glare light on the background luminance was 
greater under mesopic conditions, and contraction of ciliary 
muscle by glare stimuli improved CS more prominently under 
photopic conditions, leading to lesser difference in CS by 
addition of glare under photopic conditions[2]. Our study was 
performed using CGT-2000 under a background luminance of 
5 cd/m2 and glare stimuli of 40 000 lx for mesopic conditions 
and a luminance of 100 cd/m2 and glare stimuli of 100 000 lx 
for photopic conditions, a more intense glare, resulting in 
prominent difference under photopic conditions. Also, previous 
studies were based on spatial frequencies of 1.5, 3, 6, 12, 18 
cycles per degree (cpd) while this study was conducted under 
visual angles of 6.3, 4, 2.5, 1.6, 1, and 0.64 degrees, deviating 
the test results to lower spatial frequency, equal to a larger 
visual angle. This might lower the difference between CS 
under mesopic conditions with and without glare.
Under mesopic conditions without glare, postoperative CS at 
larger and intermediate visual angles was significantly worse 
in the overcorrection group than in the successful correction 
group. The absolute value of CS decreased in both groups with 
addition of glare, and the difference between groups decreased 
to non-significant levels. It is a plausible speculation that CS at 
small visual angles reflect central visual acuity and high visual 
function. However, additional studies are needed to clarify the 
difference with the current study.
Meanwhile, Chung et al[7] reported that CS was significantly 
lower at intermediate and larger visual angles under both 

mesopic and photopic conditions in the patients with IXT than 
in normal subjects, and improved significantly at intermediate 
visual angles under mesopic conditions with glare after 
strabismus surgery. Our study also showed postoperative 
improvement in CS at larger visual angles and no significant 
difference at smaller visual angles under mesopic conditions in 
both groups. Improvement of CS at intermediate visual angle 
(2.5°) in the successful correction group was also noted.
Under photopic conditions, CS significantly improved 
postoperatively at all visual angles except 0.64° in both 
groups. At 0.64°, postoperative CS was significantly decreased 
in the overcorrection group and was similar in the successful 
correction group. Previous studies have reported that CS 
worsened after intraocular surgeries[14-15], and theorized that it 
might be due to decreased postoperative central visual acuity. 
However, postoperative CS worsened even in the patients with 
good postoperative visual acuity, indicating causative factors 
such as surgical stress or high visual functions other than 
visual acuity[16]. Lew et al[12] analysed the factors associated 
with binocular photophobia in IXT and found that it was 
more common when the angle of exodeviation was greater 
than 25 PD and stereoacuity worse than 60 seconds of arc. On 
this basis, they claimed that the distance angle of strabismus 
reflects the strabismus condition better than the near angle, 
and photophobia involves high-level visual functions like 
stereoacuity rather than diplopia or exotropia itself[12]. 
Sjöstrand[17] reported a decrease in CS at all spatial frequencies 
in anisometropic amblyopia and decrease in CS only at high 
spatial frequencies in amblyopia with esotropia, with no 
correlation between visual acuity and CS[15]. In addition, Jones 
et al[18] performed animal studies which showed damaged 
function of spatial CS of X-cells of the lateral geniculate 
neuron only at high spatial frequencies in esotropia comparing 
to normal controls. Therefore, postoperative CS decrease at a 
high spatial frequency of 0.64° under photopic conditions in the 
overcorrection group could be partially explained by decreased 
CS at high spatial frequencies, and impaired stereopsis and 
high visual function in esotropia patients comparing to normal 
controls[19-22]. Further studies are needed to elucidate the 
effect on CS, especially, at high spatial frequency in esotropic 
patients without amblyopia and to investigate the prevalence 
and clinical presentation of photophobia in esotropia.
Under photopic conditions regardless of visual angle and glare, 
the successful correction and overcorrection groups showed 
significant difference in postoperative CS, which correlated 
with subjective photophobia. Lew et al[12] reported that 
photophobia also improved in cases of under-correction after 
exotropia correction surgery if angle of deviation decreased 
to 15 PD or less. Chung et al[7] also reported improvement in 
glare disability even in unsatisfactorily under-corrected IXT 
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after strabismus surgery. These results imply that decrease in 
angle of deviation improves suppression or fusion, leading 
to alleviation of photophobia, which is more related to the 
extent of exodeviation rather than the presence of exotropia. 
However, a larger angle of exodeviation does not always 
coincide with more severe photophobia. Patients have variable 
levels of photophobia threshold, and the symptom can be 
prominent in exodeviation exceeding a certain degree or vanish 
below a certain degree. Prominently worse postoperative CS 
in the overcorrection group both under mesopic and photopic 
condition is thought to be related to decreased stereopsis and 
high visual function due to esodeviation. Further studies on 
the correlation between CS and decreased binocularity in 
overcorrection are needed.
The first limitation of this study was a small study sample 
size. Secondly, some of the pediatric patients could not 
clearly describe their subjective symptoms. Consequently, 
the difference in preoperative and postoperative photophobia 
symptoms was not clearly identified in some cases. Symptoms 
such as frequent blinking, eye frowning, and face turn were 
checked based on parental observation; some studies have 
stated that expression of these symptoms do not necessarily 
correspond to photophobia[23].
Nevertheless, there was noticeable improvement in photophobia 
following reduction in angle of exodeviation after surgery 
for IXT, and the postoperative photophobia was significantly 
correlated with CS under photopic conditions. In conclusion, 
it is expected that the CS test under photopic conditions in 
this study setting can be used as an objective indicator of 
photophobia.
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