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Background: Intermittent exotropia (IXT) is a common form of strabismus, often
treated surgically to improve ocular alignment and binocular vision. This study
compares the outcomes of two surgical techniques: bilateral lateral rectus
recession (BLRR) and unilateral lateral rectus recession combined with medial
rectus muscle resection (ULRRMMR), focusing on sensory eye alignment,
stereopsis function, and binocular vision recovery.

Methods: This retrospective study included 306 children with intermittent
exotropia, assigned to either the BLRR or ULRRMMR group. Participants were
evaluated preoperatively and at 1-, 3-, and 12-months post-surgery for sensory
alignment, stereopsis, binocular vision, and complications. Statistical analyses
were conducted to compare the outcomes between the two groups.

Results: After surgery at one day, overcorrection was observed more frequently
in the BLRR group (P = 0.02). A comparison of the two surgical approaches
revealed that the BLRR group demonstrated significantly greater improvements
in sensory eye alignment (P = 0.009). In contrast, the ULRRMMR group showed
superior outcomes in terms of foveal stereopsis (P = 0.01), binocular vision
recovery (P = 0.007), and achieving normal eye alignment (P < 0.001) at 12
months. Notably, there was no significant difference in the rate of complications
or binocular vision recovery between the two groups at the 12-month follow-
up (P = 0.822).

Conclusion: Both BLRR and ULRRMMR are effective treatments for intermittent
exotropia, but the BLRR may be a more optimal choice for enhancing sensory
alignment, while ULRRMMR technique offers superior recovery in terms of
stereopsis, and binocular vision recovery.

intermittent exotropia, bilateral lateral rectus recession, unilateral lateral rectus
recession, medial rectus muscle resection, stereopsis
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Introduction

Intermittent exotropia (IXT) is a common form of strabismus
that often leads to significant functional impairment, including
reduced binocular vision and stereopsis. Surgical intervention
remains the primary treatment for IXT, with various surgical
approaches aimed at restoring ocular alignment and improving
sensory function (1-3). Two commonly employed techniques are
bilateral lateral rectus recession (BLRR) and unilateral recession
combined with medial rectus muscle Resection (ULRRMMR) (4).
While both procedures have demonstrated effectiveness in
correcting misalignment, their comparative efficacy in terms of
sensory eye alignment, stereopsis, and overall functional recovery
remains a topic of ongoing debate.

Previous studies have investigated the outcomes of these
surgical techniques, with mixed results regarding the degree of
improvement in stereopsis and binocular vision (5-8). For instance,
BLRR has been traditionally favored for its ability to achieve a stable
and long-lasting correction, while ULRRMMR is thought to provide
a more controlled adjustment for cases with specific alignment
patterns. However, there is limited evidence directly comparing the
postoperative recovery profiles of these two approaches, especially
with regard to long-term outcomes in sensory eye alignment
and stereopsis.

This study aims to provide a comprehensive comparison of
these two surgical methods by assessing their impact on sensory
alignment, stereopsis function, binocular vision recovery, and
complication rates over a 12-month period.

Methods
Study design and participants

This retrospective study reviewed 306 children diagnosed with
intermittent exotropia (IXT) who underwent surgery between
January 2022 and June 2024. The patients were classified into two
surgical groups based on the type of surgical technique used: the
BLRR group and the ULRRMMR group. All participants received
comprehensive ophthalmological evaluations, which included
assessments of best-corrected visual acuity (BCVA), slit lamp
examination, synoptophore testing, and Random-dot stereogram
analysis. The inclusion criteria for the study were as follows (1):
diagnosis of intermittent exotropia (IXT) confirmed by two
ophthalmologists (2), age of 12 years or younger (3), BCVA of 1.0
or better, and (4) access to high-quality structural and functional
brain imaging data. The exclusion criteria included: (1) presence of
other types of strabismus, such as constant exotropia with vertical
misalignment, (2) history of ocular diseases other than IXT, (3)
prior ocular or brain surgeries, (4) severe physical or mental
illnesses or brain conditions.

This retrospective study conformed to the tenets of the
Declaration of Helsinki and was approved by the Ethics
Committee and Institutional Review Board of Baotou Chaoju
Eye Hospital.
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Surgical procedure

The BLRR group underwent bilateral recession of the lateral
rectus muscles, with the amount of recession determined based on
preoperative alignment measurements. In contrast, the ULRRMMR
group received a unilateral recession of the lateral rectus muscle
combined with Resection of the medial rectus muscle, tailored to
the individual’s alignment characteristics.

Outcome measures

Sensory alignment and binocular function were evaluated using
standardized clinical tests at baseline (preoperatively), postoperative
day 1, 1 month, 3 months, and 12 months. The spherical equivalent
and refractive correction were recorded when applicable. Sensory
alignment was assessed with the synoptophore (simultaneous
perception and sensory fusion) and classified as: normal, mild
deficit, moderate deficit, and severe deficit according to pre-
specified synoptophore response criteria (see Supplementary
Table S1 for thresholds).

Stereopsis was measured using standardized stereotests: the
Titmus Fly test (near stereopsis), the Random-dot stereogram
(Randot) and the Worth 4-Dot test (for binocular fusion/
suppression). For stereopsis quantification we prioritized Randot
(seconds of arc) as the primary stereopsis metric; Titmus results
were recorded in seconds of arc and reported separately. The Worth
4-Dot test was used to assess fusion/suppression status rather than
stereoacuity. Foveal (macular) stereopsis was defined as Randot <
60 arcsec, peripheral stereopsis as Randot > 60 arcsec but detectable,
and stereopsis deficit as no measurable stereoacuity on Randot.

Binocular vision (simultaneous perception and motor fusion
amplitude) was assessed on the synoptophore and by clinical
fusional amplitude measurements where available; normal
binocular vision was predefined as the ability to demonstrate
simultaneous perception and fusion on synoptophore with
appropriate fusional amplitudes per age-standardized norms (see
Supplementary Material).

Ocular alignment was assessed by cover-uncover test and prism
and alternate cover test (PACT) at near (33 cm) and distance (6 m)
and recorded in prism diopters (PD). Surgical success was defined
as achieving normal alignment (residual deviation < 10 PD at
distance) at the 12-month follow-up. Normal alignment was
defined as residual deviation <10 PD at distance.

All outcome measures were recorded by masked examiners
where possible. Detailed thresholds and scoring rules for categorical
groupings are provided in Supplementary Table S1.

Statistical analysis

The data were analyzed using SPSS Statistics (version 25.0, IBM
Corp., Armonk, NY). Continuous variables were expressed as
means with standard deviations (SD) or medians with
interquartile ranges (IQR), depending on the distribution.
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Normality of the data was assessed using the Shapiro-Wilk test. For
normally distributed data, independent samples t-tests were used to
compare continuous variables between the two surgical groups. For
non-normally distributed data, the Mann-Whitney U test was
applied. Categorical variables were presented as frequencies and
percentages, and group comparisons were performed using the chi-
square test or Fisher’s exact test when expected frequencies were less
than five. Postoperative outcomes at different time points (one, day,
1 month, 3 months, and 12 months) were analyzed using repeated
measures analysis of variance (ANOVA) or the non-parametric
Friedman test if the data did not meet assumptions for parametric
testing. Pairwise comparisons were conducted with the Bonferroni
correction to account for multiple testing. All statistical tests were
two-tailed, and all analyses were performed with a significant level
of 0.05.

Results

The basic characteristics of the participants in the two surgical
groups are summarized in Table 1. No significant differences were
observed in age or gender between the BLRR group (9.57 + 2.97
years) and the ULRRMMR group (9.00 + 2.87 years) (P = 0.122).
The proportion of female patients was 48.70% in the BLRR group
and 55.10% in the ULRRMMR group (P = 0.258). However,
preoperative near and far prism diopter values were significantly
higher in the ULRRMMR group (46.47 + 14.98 and 44.23 + 16.06,
respectively) compared to the BLRR group (39.57 £ 12.09 and 36.07
+ 12.28, respectively) (P < 0.001 for both). Regarding preoperative

TABLE 1 Characteristics of all participants.

10.3389/fopht.2025.1687829

binocular vision, 38.00% of patients in the BLRR group and 48.39%
in the ULRRMMR group had binocular vision (P = 0.067). For
sensory eye alignment, the majority of patients in both groups had
severe misalignment, with 78.70% in the BLRR group and 80.77% in
the ULRRMMR group showing severe sensory misalignment
(P = 0.796). Preoperative stereopsis was significantly better in the
ULRRMMR group, with 33.97% of patients having severe
impairment compared to 52.00% in the BLRR group (P < 0.001).
The postoperative outcomes on day 1 for the BLRR group and
the ULRRMMR group are shown in Table 2. No significant
difference in sensory eye alignment was found between the two
groups (P = 0.456), with similar distributions of mild to moderate
alignment defects. However, a higher proportion of patients in the
ULRRMMR group achieved foveal (41.03%) stereopsis compared to
the bilateral group (33.33%) (P = 0.001). Additionally, the
ULRRMMR group demonstrated significantly better binocular
vision recovery, with 83.33% of patients achieving binocular
vision recovery compared to 67.11% in the BLRR group
(P = 0.001). Moreover, the ULRRMMR group also had a higher
rate of normal binocular vision recovery (92.31%) versus the BLRR
group (83.22%) (P = 0.02), with minimal cases of overcorrection
(7.05% in the unilateral group vs. 16.78% in the bilateral group).
The postoperative outcomes for both BLRR group and the
ULRRMMR group showed significant improvement over long
time (Table 3). In the BLRR group, the percentage of patients
with sensory eye alignment increased from 17.33% at 1 month to
23.33% at 12 months, with a highly significant trend (P < 0.001).
The group also exhibited substantial progress in stereopsis function,
with the foveal stereopsis improving from 2.00% at 1 month to

Surgical approach

Indicator

BLRR (n=150) ULRRMMR (n=156)
Age (years) 9.57 +2.97 9.0 +2.87 0.122%
Gender (female, %) 73 (48.70%) 86 (55.10%) 0.258
Preoperative near prism diopter 39.57 £ 12.09 46.47 £ 14.98 <0.001
Preoperative distance prism diopter 36.07 £ 12.28 44.23 + 16.06 <0.001
Preoperative binocular vision (yes) 57 (38.00%) 75 (48.39%) 0.067
Preoperative sensory eye alignment 0.796
Normal 3 (2.00%) 7 (4.49%)
Mild deficit 8 (5.30%) 9 (5.77%)
Moderate deficit 21 (14.00%) 14 (8.97%)
Severe deficit 118 (78.70%) 126 (80.77%)
Preoperative stereopsis <0.001
Normal 3 (2.00%) 7 (4.49%)
Mild deficit 20 (13.33%) 51 (32.69%)
Moderate deficit 49 (32.67%) 45 (28.85%)
Severe deficit 78 (52.00%) 53 (33.97%)

BLRR, bilateral lateral rectus recession; ULRRMMR, unilateral lateral rectus recession combined with medial rectus resection.
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TABLE 2 The results of sensory eye alignment, stereopsis, binocular vision, and ocular alignment after surgery at one day.

Sensory eye alignment Stereopsis Binocular vision Ocular alignment
Normal 13 (8.67%) Macular fovea 1 (0.67%)
Yes 100 (67.11%) Normal 124 (83.22%)
Mild deficit 27 (18.00%) Macular stereopsis 50 (33.33%)
BLRR Peripheral
Moderate deficit 49 (32.67%) pher: 56 (37.33%) Overcorrection 25 (16.78%)
stereopsis No 49 (32.89%)
Severe deficit 61 (40.67%) Stereopsis deficit 43 (28.67%) Undercorrection 0 (0.00%)
Normal 27 (17.31%) Macular fovea 9 (5.77%)
Yes 130 (83.33%) Normal 144 (92.31%)
Mild deficit 14 (8.97%) Macular stereopsis 64 (41.03%)
ULRRMMR Peripheral
Moderate deficit 57 (36.54%) . 60 (38.46%) Overcorrection 11 (7.05%)
stereopsis No 26 (16.67%)
Severe deficit 58 (52.00%) Stereopsis deficit 23 (14.74%) Undercorrection 1 (0.64%)
P-value 0.456 0.001 0.001 0.02

BLRR, bilateral lateral rectus recession; ULRRMMR, unilateral lateral rectus recession combined with medial rectus resection.

20.17% at 12 months (P < 0.001). Binocular vision recovery was
notably high, with 84.7% of patients achieving binocular vision at 1
month, increasing to 95.00% at 12 months (P < 0.001). At 12
months, the motor success rate (defined as residual deviation <10
PD at distance) was 87.50% in the BLRR group. However, the
normal eye alignment rate showed no significant changes during 1
to 12 months after surgery (P = 0.223). Complication rates were
minimal in this group, with 97.52% of patients showing no
complications at 1 month, suggesting favorable safety and
recovery outcomes. Similarly, the ULRRMMR group
demonstrated a higher overall rate of sensory eye alignment
(92.16% at 1 month to 93.75% at 12 months), and a significant

improvement in stereopsis function. At 12 months, 22.22% of
patients showed foveal stereopsis, and 75.69% had improved
stereopsis compared to 38.06% at 1 month (P < 0.001). The
recovery of binocular vision was even more favorable in this
group, with 96.08% of patients achieving binocular vision at 12
months. The motor success rate in the ULRRMMR group was
91.18% at 12 months, which was comparable to the BLRR group
(P = 0.281). There was no significant difference in the normal eye
alignment from 1 to 12 months (P = 0.779). The complication rates
were low in the unilateral recession group, with minimal
undercorrection (6.25% at 12 months) and only a small increase
in overcorrection (3.92% at 1 month to 5.88% at 12 months).

TABLE 3 Changes of sensory eye alignment and stereopsis after 1-, 3, and 12-month.

Sensory eye alignment Stereopsis
One Three Three 12
12 months
month months months months
Macular 24
Normal = 26 (17.33%) 18 (12.16%) 28 (23.33%) 3 (2.00%) 11 (7.38%)
fovea (20.17%)
Mild Macular 73
38 (25.33% 40 (27.03% 40 (33.33% 89 (59.33% 106 (71.14%
deficit ( %) ( %) ( %) stereopsis ( %) ( %) (61.34%)
BLRR <0.001 <0.001
Moderate Peripheral 15
2 (34.679 46.629 839 009 23 (15.449
defiit 52 (34.67%) 69 (46.62%) 37 (30.83%) stereopsis 0 (0.00%) 3 (15.44%) (1261%)
Severe 4y 267%) 21 (14.19%) 15 (12.50%) Stereopsis oo 33 670) 9 (6.04%) 7 (5.88%)
deficit deficit
Macular 32
Normal 1 (0.65% 7 (4.58% 14 (9.66% 0 (0.00% 4 (2.61%
ormal ( 6) ( 6) ( o) fovea ( b) ( 6) (22.22%)
Mild 22 (1429%) | 41 (26.80%) 43 (29.66%) Macular 1 o 3306%) 108 (70.59%) 109
deficit I e HR stereopsis e 7 (75.69%)
ULRRMMR <0.001 <0.001
Moderate 111 Peripheral
179 4 (51.039 139 22.889 2.089
deficit (72.08%) 89 (58.17%) 74 (51.03%) stereopeis 87 (56.13%) 35 (22.88%) 3 (2.08%)
Severe 0 (12.99%) 16 (10.46%) 14 (9.66%) Stereopsis g 5 ¢105) 6 (3.92%) 0 (0.00%)
deficit deficit
P-value 0.003 0.289 0.009 0.703 0.137 0.01 -

BLRR, bilateral lateral rectus recession; ULRRMMR, unilateral lateral rectus recession combined with medial rectus resection.
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When comparing the two surgical approaches (Table 3), the
BLRR group had significantly higher improvement in sensory eye

N
o
alignment (P = 0.009). However, ULRRMMR group were more c <
favorable in terms of foveal stereopsis (P = 0.01) and binocular ..g . .
.. © ® x
vision recovery (P = 0.007), motor success rate at 12 months g £ © 5
. Qo )
(91.18% vs. 87.50%, P = 0.281), and normal eye alignment (P < g o &
0.001) at 12 months. Of note, there was no significant difference in 8 =
complications binocular vision recovery between the two groups at § S &
12 months (P = 0.822, Table 4). ER 2
) =2}
N o~
N D~
1 1 S S
Discussion
Our study compared the surgical outcomes of BLRR and g I § ERR § § s §
ULRRMMR for treating strabismus in pediatric patients. The 2 & © 2 2 5 & IS
(=)} —
findings reveal that both surgical approaches significantly
improved sensory eye alignment, stereopsis, and binocular vision e s s = =
(0] S = 2 Slgleg
recovery over 12 months. Notably, the ULRRMMR group S T 5 8§/3/ =z 8§ ¥ 3 @
¥ ¥ N N o 8 a & & S <
i i i i S £ £ F 2.2 s £ = 3
demonstrated superior outcomes in stereopsis recovery, binocular ) >SS g £ = S
= @ © © n o~ o
vision recovery, and normal eye alignment at both short- and long- ® = x| =
term follow-ups. However, the BLRR group showed a greater L;
. . . o 9] s | 2z £
1mpr0\.7ement in sensory eye alignment. The low complication o £ s 2 S £ gz 5 .
rates in both groups affirm the safety and efficacy of these 3 & mlg g ald g |8
- -2z = |C |2 z S
surgical techniques. N 2w g 3 o ®T o«
In comparison with existing literature, our findings align with - -
and expand upon previous studies on strabismus surgical outcomes. s § s §
Studies have consistently shown that surgical correction significantly E g g 3 g f.g g 3
improves binocular vision and stereopsis in children with strabismus S g g a3 § g &
. . . . g 3 g 3
(9-11). The choice between bilateral lateral rectus recessions surgery £ &£ 8| £ g
and unilateral recession of a lateral rectus (LR) muscle combined with g g
resection of its antagonist medial rectus (MR) muscle (R&R) for o _ - 2
[=3 =
treating basic IXT remains a subject of debate due to differing -,% % § g
preferences among surgeons. Bilateral recession is often favored for g
. s . . . . v E
its ability to preserve horizontal comitance, minimize narrowing of | N =
. . . 5} 2 _ 2R _ < ;
the palpebral fissure, and provide a more aesthetically pleasing result. & g s S g S S .3
- o : = £ S § % sz
In contrast, R&R is preferred by some for its single-eye approach, & a & S =2 = 2 2 %
S . N = =
which is more acceptable to patients when only one eye is visibly 8 = e & F ° 3 E
misaligned, and for its predictability in secondary surgeries, as R&R & = 2
: . . . o == I
on the contralateral eye is often more reliable than bilateral medial ¢ 2 2 = 2 2 2 g
s S B = 2 2
rectus resections. A study by the Pediatric Eye Disease Investigator & 8% g 2 = g 8 S 8 ‘;;
) —_ x — — 1) %) — 5
Group (PEDIG) (12), compared these two methods and reported  § 3 > = P v = | °E
. . e . . € o 2 = ¥ = ) 5
suboptimal surgical outcomes within three years in 46% of patients £ < =
undergoing bilateral recessions and 37% of those undergoing R&R, a T'E - _ _ g
9% difference. However, this difference was not statistically '—g g g § é‘; g § = 2
significant, and the study concluded that neither approach could be 2. 2 4 g ¥ - g £ 2
N = o = = v
considered superior. Nevertheless, our observation of superior -2 S S 2 g © 3 %
binocular vision recovery and stereopsis in the ULRRMMR group ; Z
—_— =}
aligns with these findings, suggesting that the more precise correction § _ _ %
@« < %) < 5
achieved through unilateral approaches better restores fusion and £ = z s = z = =
— 2
depth perception. On the other hand, the improvements in sensory ~ © g
o 8
eye alignment observed in the BLRR group are consistent with “g’w E
reports that bilateral procedures are more effective in cases of large £ g =
(S} o~ £
or symmetric deviations, as they provide more comprehensive g é o =
. . Zz 5
realignment of the visual axes. Furthermore, our study adds to the = 5 £ g
literature by providing robust evidence on the long-term outcomes of = ==
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these procedures, showing that the benefits persist and even improve
over 12 months. Notably, few studies have directly compared the two
techniques, making our results particularly valuable in guiding
clinical decisions. Additionally, our study highlights the relatively
lower complication rates associated with both techniques, addressing
concerns raised in earlier research about the potential risks of
overcorrection or undercorrection, which have historically been
areas of clinical debate. By offering comparative data, this study
bridges a gap in the literature, supporting the tailored selection of
surgical approaches based on individual patient needs and
preoperative characteristics.

The differential outcomes between the two surgical groups may be
attributed to their distinct mechanisms of action (13-15). ULRRMMR,
by combining a lateral rectus recession with medial rectus resection in a
single eye, not only corrects the misalignment mechanically but also
allows for a more targeted modulation of muscle force vectors.
Biomechanical studies have suggested that resection increases the
active tension of the medial rectus while recession decreases lateral
rectus pull, effectively enhancing the balance of agonist-antagonist
forces on the operated eye (16, 17). This precise modulation may
facilitate restoration of central fusion by aligning the visual axes within
Panum’s fusional area, thereby promoting high-grade stereopsis (18).
Neurophysiological research indicates that when ocular alignment is
restored within the critical spatial limits for foveal correspondence,
binocular cortical neurons can be effectively re-engaged, leading to
recovery of fine stereopsis and binocular summation (19-21). In
contrast, BLRR primarily alters muscle length symmetrically across
both eyes, improving gross alignment and comitance but potentially
providing less selective restoration of the agonist-antagonist balance at
the level of a single eye. As a result, BLRR may yield robust motor
alignment but slightly less optimal central sensory fusion, which could
explain the observed differences in stereopsis and binocular vision
outcomes between the groups.

The study has several strengths, including a large sample size,
long-term follow-up, and comprehensive evaluation of sensory and
functional outcomes. However, this study has several limitations
that should be considered. Firstly, the retrospective design and lack
of randomization may introduce selection bias, affecting the
comparability of the two surgical groups. The follow-up duration
was relatively short, and longer-term follow-up is needed to assess
the durability of the outcomes. Potential confounders, such as the
severity and duration of exotropia prior to surgery, were not fully
controlled, which may impact the results. Additionally, variability
in surgical techniques across surgeons and the single-center nature
of the study limits the generalizability of the findings. The reliance
on subjective outcome measures, like sensory alignment and
stereopsis, could also introduce measurement bias, while the
absence of quality-of-life assessments restricts a holistic view of
the impact on patients (22). Finally, although the sample size was
adequate for detecting major outcomes, it may have lacked power to
identify smaller differences or rare complications.
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Conclusion

In conclusion, while both surgical techniques offer effective
solutions for treating IXT, the ULRRMMR may be superior in terms
of achieving binocular vision recovery, stereopsis recovery, and
normal eye alignment. However, the BLRR group also showed
significant improvements, especially in optimal sensory
alignment, suggesting that both approaches are valuable
depending on the individual patient’s needs. These results provide
valuable insights for clinicians in tailoring surgical interventions to
optimize functional and sensory outcomes in pediatric patients.
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