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A B S T R A C T 

 

Introduction: Strabismus is an eye disorder characterized by misalignment of the eyes, 

which can occur in individuals of any age. This study explored the surgical outcomes of 

horizontal strabismus correction in patients, aiming to provide insights into the factors 

influencing success. 

Methods: A prospective study was conducted with 17 patients (n=17) who underwent 

surgery at Dr. Soetomo General Academic Hospital, Surabaya, Indonesia. Preoperative 

factors, including age, duration of misalignment, and preoperative angle of strabismus, 

were analyzed for their impact on surgical success. The International Business Machines 

Corporation (IBM) Statistical Package for the Social Sciences (SPSS) for Macintosh 

version 27.0 was used for data analysis. 

Results: This study reviewed the medical records of 17 research samples (n=17). A 

significant change in the median angle of deviation prism diopters (PD) preoperatively 

was indicated by the median Postoperative Deviation (PD) (p<0.001). A significant 

difference in median age at surgery was observed between successful and unsuccessful 

cases (p=0.035), with younger individuals exhibiting a higher success rate. The duration 

of misalignment emerged as a crucial factor, with a shorter duration correlating positively 

with a higher probability of surgical success (p<0.001). Notably, successful outcomes 

were achieved by all children (100%), suggesting a potential trend indicating age as a 

predictor of success. While the preoperative angle of strabismus did not significantly 

impact success, a trend emerged (p=1), indicating a potential threshold effect for more 

significant angles. 

Conclusion: Knowing the significance of age and duration of misalignment on the 

success rate of strabismus surgery allows for enhanced preoperative assessments, 

optimized timing of surgery, and developed predictive models to assist in clinical decision-

making, ultimately leading to more efficient and successful surgical outcomes. 

  

Highlights: 

1. The younger age and shorter duration of misalignment are significant predictors of 

success in horizontal strabismus surgery. Younger patients tend to have higher success 

rates, and shorter durations of misalignment correlate with better surgical outcomes. 

2. Despite variations in population and surgical methods, the overall success rate of 

82.3% for horizontal strabismus surgeries aligns with previous studies. This consistency 

underscores the reliability of surgical outcomes in different settings. 
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Introduction 

 

Strabismus is etymologically rooted in the Greek term 

"ocular obliquity” or “ocular misalignment.” Frequently, 

strabismic ocular presentations are labeled as "ocular 

squints," "strabismus," or "ocular misalignment.”1 

Strabismus is a prevalent pediatric ocular ailment 

characterized by misalignment, resulting in ocular deviation 

or squinting. In adulthood, it typically originates from 

neurological etiologies or can manifest as a sequela of 

pediatric strabismus. When promptly diagnosed and 

managed, strabismus exhibits a favorable clinical 

prognosis.2,3 The worldwide incidence of strabismus in 

children spans from 0.14% to 5.65%.4 When combining the 

prevalence rates for strabismus, exotropia (XT), and 

esotropia (ET), the overall occurrence was determined to 

be 1.93%, 1.23%, and 0.77%, respectively. To put it 

differently, this translates to 106 to 221 individuals out of 

every 10,000 in the population having strabismus, 100 to 

146 with XT, and 59 to 123 with ET.5 Kumari, et al. (2017), 

as cited by Putri, et al. (2020), reported that the prevalence 

of strabismus in Asia ranges from 1.3% to 5%.6 Overall, the 

prevalence of strabismus in Indonesia requires further 

investigation as the available studies are limited and 

conducted in different regions.7  

Strabismus surgery restores regular eye alignment, 

enhances binocular abilities, and eliminates double vision.3 

The main goal of addressing strabismus is 

reestablishing correct eye alignment. There are three 

primary categories of strabismus surgery, which include 

procedures that weaken the eye muscles (recession), 

strengthen them (resection), and adjust their direction 

(vector adjustment).2 When strabismus surgery is 

undertaken to correct the misalignment of an eye with 

diminished visual acuity, it frequently achieves a notable 

success rate (60-80%).6,8,9 Nonetheless, the quantity of 

research examining the results of strabismus surgery in 

individuals with one-sided vision impairment is restricted, 

and it encompasses various age groups, surgical methods, 

and criteria for measuring success.8,10–14 

Improving eye health, directly or indirectly, supports 

achieving Sustainable Development Goals (SDGs), such 

as reducing poverty, boosting productivity, enhancing 

health, and advancing education.15 Reliable data is 

essential for addressing eye health concerns, serving as a 

solid indicator to track progress in this area. This study 

aimed to analyze the surgical outcome of strabismus 

surgery in patients with horizontal strabismus.16 

 

Methods 

 

Study Design and Setting 

This prospective study involved reviewing medical records 

for 17 patients with strabismus who underwent horizontal 

strabismus surgery at Dr. Soetomo General Academic 

Hospital, Surabaya, Indonesia, between March and 

September 2023. 

 

 

 

Study Population 

The inclusion criteria encompassed all patients with 

strabismus who underwent horizontal strabismus surgery 

during the study period. All surgeries were performed by a 

single surgeon specializing in strabismus surgery (RP). 

This study excluded patients with follow-up (FU) periods of 

less than two weeks and incomplete records. 

 

Data Collection 

Before surgery, all patients underwent a comprehensive 

ophthalmic assessment, which included a review of their 

medical and ophthalmologic history and an evaluation of 

visual acuity and ocular motility. Ocular deviations were 

measured before and after surgery with appropriate 

refractive correction. The methods used for these 

measurements included cover testing, Hirschberg, 

alternating cover test, and Krimsky. In cases of poor 

fixation, this study employed the modified Krimsky 

technique. Surgery was always conducted based on the 

most significant angle of deviation measured during either 

near or distance fixation. The criteria for a successful 

outcome were defined as achieving a Postoperative 

Deviation (PD) of less than 10 prism diopters (PD). 

 

Ethics Consideration 

This study received approval from the Health Research 

Ethics Committee of Dr. Soetomo General Academic 

Hospital, Surabaya, Indonesia, under reference number 

0604/KEPK/II/2023. Additionally, the ethics committee 

granted permission to access hospital records and a waiver 

of the need for informed consent. 

 

Data Analysis 

Possible predictor variables such as age at the time of 

surgery, Preoperative Deviation (PD), duration of 

misalignment, age group, sex, type and degree of ocular 

deviation, and number of muscles operated on were listed. 

The analysis of this study considered measurements taken 

during preoperative and the most recent available 

postoperative visits. This study defined a successful 

outcome as a final manifest ocular deviation of 10 PD or 

less, indicating orthophoria.  Statistical analysis was 

conducted using the International Business Machines 

Corporation (IBM) Statistical Package for the Social 

Sciences (SPSS) for Macintosh version 27.0.17 The alpha 

level for statistical hypothesis testing was 5%. This study 

used the Mann-Whitney U test to compare patients' ET and 

XT characteristics by the median age at surgery and 

median Preoperative Deviation (PD).18 A Wilcoxon test was 

employed to analyze preoperative and Postoperative 

Deviations (PD),19 and Fisher's exact test was used to 

assess surgical success based on age group, type of 

strabismus, preoperative angle of deviation, and the 

number of muscles operated on.20 
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Results 

 

This study encompassed a cohort of 17 patients (Table 

1), comprising 10 males and 7 females. This group included 

6 children (mean age: 7.6 ± 4.8 years old, range: 3 to 16 

years old) and 11 adults (mean age: 30.8 ± 15 years old, 

range: 19 to 59 years old). Among the patient population, 

12 individuals (71%) displayed XT, while 5 individuals 

(29%) exhibited ET. 

 
 
Table 1. Clinical features of patients enrolled in this study 
 

No. 
Age 
(y) 

Sex Deviationᵃ 
Preoperative 

Deviation 
(PD) 

Onset 
(years 
old) 

Duration of 
Misalignment 

(year) 

Surgery 
(mm) 

Postoperative 
Deviation 

(PD) 

FU 
(d) 

Successᵇ 

1 20 M XT -90 13 7 
ODS LRs 10.0 
& OD MRc 6.5 

0 42 Yes 

2 10 M XT -60 1 9 
OS LRs 9.0 & 

MRc 7.0 
0 84 Yes 

3 25 F XT -50 13 12 
OS LRs 9.0 & 

MRc 6.5 
0 32 Yes 

4 56 F XT -30 55 1 
OD LRs 6.5 & 

MRc 5.0 
0 112 Yes 

5 7 M ET 60 0 7 
OD MRs 6.5 & 

LRc 7.5 
0 16 Yes 

6 22 F XT -70 0 22 
ODS LRs 10.0 
& OD MRc 5.5 

0 65 Yes 

7 16 M XT -50 13 3 
OD LRs 10.00 

& MRs 9.0 
0 23 Yes 

8 24 M XT -90 1 23 
ODS LRs 11.5 
& OD MRc 6.5 

-15 14 No 

9 19 M ET 50 0 19 
OD MRs 6.0 & 
OS MRs 5.5 

0 44 Yes 

10 19 F ET 70 16 3 
OD MRs 6.0 & 

LRc 6.5 
0 5 Yes 

11 26 F XT -40 14 12 
OS LRs 8.5 & 

MRs 6.5 
0 9 Yes 

12 3 M XT -70 0 3 
ODS LRs 9.0 & 

OS MRc 6.5 
0 18 Yes 

13 45 F XT -80 0 45 ODS LRs 12.0 -15 31 No 

14 7 M ET 30 0 7 
OS MRs 4.0 & 

LRc 5.0 
0 23 Yes 

15 59 F ET 60 1 58 
OS MRs 6.5 & 

LRc 7.5 
15 14 No 

16 24 M XT -50 17 7 
OS LRs 11.5 & 

MRc 6.5 
0 5 Yes 

17 3 M XT -80 1 2 ODS LRs 11.5 0 5 Yes 
Y: year; PD: prism diopters; FU: follow-up; d: day; ET: esotropia; MRc: medial rectus recession; XT: exotropia; LRc: lateral rectus recession; MRs: medial rectus 
resection; LRs: lateral rectus resection; OD: oculus dextra; OS: oculus sinistra; ODS: oculus dextra sinistra 
aPositive values are for esotropia, and negative values are for exotropia.  
bIf “yes,” the final deviation was within 10 PD or orthophoria. If “no,” the final deviation was greater than 10 PD.

 

 

All patients underwent either unilateral or bilateral 

surgical procedures. Specifically, 10 patients (59%) 

underwent unilateral recession–resection, 5 patients (29%) 

underwent bilateral recession–resection, and 2 patients 

(12%) underwent a bilateral procedure. The maximum 

medial rectus recession (MRs) was 9.0 mm, and the 

maximum lateral rectus recession (LRs) was 11.5 mm. 

Regarding resection, the maximal MRs measured 7.0 mm, 

and the maximal LRs were 7.5 mm. The average duration 

of follow-up (FU) was 33.8 ± 28.4 days (range: 14 to 112 

days).  

 

Preoperative and Postoperative Deviation 

 

 The median angle of deviation was 60 prism diopters 

(PD) preoperatively (range: 30 to 90 PD). Following the 

intervention, there was a significant change, as indicated 

by the median Postoperative Deviation (PD), which was 

reduced  to  zero.  This  reduction  suggested  a  successful  

 

 

correction of the eye misalignment through the applied 

treatment or surgery (range: 0 to 15 PD). Notably, 82.3% of 

the patients (14 out of 17) achieved a successful surgical 

outcome, with final ocular deviation measuring 10 PD or 

less in cases of unsuccessful surgery. The statistical 

significance of these findings (Table 2) was underscored by 

the p-value being less than 0.001. This low p-value 

indicated a high confidence level that the observed 

changes in deviation were not due to random chance but 

were a result of the intervention. 

 

 

Table 2. Comparison of preoperative and postoperative 
deviation following surgical correction 
 

 Median p-value 

Preoperative Deviation (PD) 60 
<0.001 

Postoperative Deviation (PD) 0 
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Characteristics of Patients with Successful and 

Unsuccessful Strabismus Surgery 

 

Table 3 shows that the median age at surgery for the 

success group was 19 years old, while for the unsuccessful 

group, it was 45 years old. The difference was statistically 

significant, with a p-value of 0.035. This suggests that 

younger individuals have a higher success rate in the 

surgery than older individuals. The median Preoperative 

Deviation (PD) for the success group was 55, while for the 

unsuccessful group, it was 80. Although there was a 

numerical difference, the p-value was 0.122, suggesting 

that this difference was not statistically significant. 

Preoperative Deviation (PD) might not strongly predict 

surgical success in this context. The duration of 

misalignment was significantly associated with surgical 

success, as indicated by the p-value of 0.001. The success 

group had a median duration of misalignment of seven 

years, whereas the unsuccessful group had a much longer 

duration of 45 years. This suggests that a shorter 

misalignment duration correlates with a higher likelihood of 

surgical success. 

 

 

Table 3. Comparison of age, Preoperative Deviation (PD), 
and duration of misalignment to successful and 
unsuccessful strabismus surgery outcomes 
 

Characteristic Successful Unsuccessful 
p-

value 

Median age at 
surgery (year) 

19 45 0.035 

Median preoperative 
deviation (PD) 

55 80 0.122 

Median duration of 
misalignment (year) 

7 45 0.001 

PD = prism diopters 

 

 

There was no statistically significant difference in the 

success of the surgery based on the patients' age 

(p=0.515). All children (100%) achieved a successful 

outcome, as did 8 out of 11 adults, with a 72.2% success 

rate. The success of the surgery did not show a significant 

difference based on gender (p=0.537). The success rate 

was slightly higher for males (90%) than females (71.4%). 

The type of strabismus seemed to have a minimal impact 

on the success of the surgery (p=1). Both XT (83.3%) and 

ET (80%) showed high success rates. There was no 

statistically significant difference in the success of the 

surgery based on the preoperative angle of strabismus 

(p=0.228). However, patients with a preoperative angle 

less than 60 PD had a 100% success rate, while those with 

an angle greater than or equal to 60 PD had a success rate 

of 70%. There was no statistically significant difference in 

the success of the surgery based on the number of muscles 

operated on (p=1). The success rate was slightly higher for 

patients who operated on two muscles (84.6%) than three 

muscles (75%). 

 

 
 
 

Table 4. Study enrollment data: characteristics of 
successful and unsuccessful cases in strabismus surgery 
 

Characteristic Successfula Unsuccessful 
p-

value 

Age group at the 
time of surgery 

  .515 

Childrenb 6 (100%) 0 (0%)  

Adultc 8 (72.7%) 3 (27.3%)  

Sex   0.537 

Male 9 (90%) 1 (10%)  

Female 5 (71.4%) 2 (28.6%)  

Type of strabismus   1 

Exotropia 10 (83.3%) 2 (16.7%)  

Esotropia 4 (80%) 1 (20%)  

Preoperative angle 
of strabismus (PD) 

  .228 

<60 7 (100%) 0 (0%)  

≥60 7 (70%) 3 (30%)  

No. of muscle 
operated on 

  1 

Two muscles 11 (84.6%) 2 (15.4%)  

Three muscles 3 (75%) 1 (25%)  
PD = prism diopters 
aDefined by final deviation within 10 PD or orthophoria. 

ᵇPatients are classified as children if they are less than 18 years old. 
ᶜPatients are classified as adults if they are more than or equal to 18 years 
old. 

 

 

Discussion 

This study assessed the impact of some potential 

preoperative factors that could influence the outcome of 

strabismus surgery. Consistent with previous 

studies,3,9,21,22 this study revealed a noteworthy 

enhancement in stereopsis following strabismus surgery. 

The success rate of horizontal strabismus was 82.3% 

compared to previous studies.6,8,10,13,23 Although some 

studies vary slightly regarding population, surgical 

procedures, and the definition of success, one study closely 

aligns with this: a study in Jordan reported a more than 

80% success rate for strabismus surgery.6 Other studies 

reported that the success rate remained consistent even 

when different surgeons performed surgeries.6,13 However, 

to mitigate potential bias in this study, the data were 

specifically collected from patients operated on by a single 

surgeon to preclude the surgeon factor from exerting any 

influential role. 

Based on the results, several key findings emerge that 

shed light on factors influencing the success of strabismus 

surgery. Firstly, the median age at surgery differed notably 

between the successful and unsuccessful groups, with 

younger individuals demonstrating a statistically significant 

higher success rate. This implies that age plays a 

significant role in the outcomes of strabismus surgery, with 

a trend favoring success in surgeries performed on 

individuals at a younger age. Repka, et al. (2020) 

discovered an association between successful surgery and 

being under 6 years old.24 This study is also closely related 

to that study.24 A study by Awadein, et al. (2014), as cited 

by  Hinterhuber,  et  al.  (2024),  found  that  worse  surgical 
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outcomes were highest for patients older than 12 years 

old.8 In contrast, the study by Hinterhuber, et al. (2024) 

found that age at initial surgery was not predictive of 

success.8 

Although the data indicated that in successful cases, the 

median age was younger than across age groups of 

children and adults, it did not show significant differences, 

as indicated by the p-value of 0.515. However, 

interestingly, all children achieved a successful outcome, 

contributing to a 100% success rate, while among adults, 

the success rate was slightly lower at 72.2%. This 

discrepancy suggests a potential trend indicating that 

younger age may be associated with a higher likelihood of 

success in strabismus surgery.24–28 

Secondly, the duration of misalignment emerges as a 

significant factor influencing surgical success. The 

statistical significance of the association, as indicated by 

the low p-value of 0.001, underscored the importance of 

considering the duration of misalignment in predicting the 

likelihood of success. The success group, with a notably 

shorter median duration of misalignment (median=7 years), 

was contrasted with the unsuccessful group (median=45 

years), which exhibited a substantially longer duration. This 

suggests that a shorter duration of misalignment is 

positively correlated with a higher probability of achieving 

success in strabismus surgery. This is consistent with a 

previous study indicating that a shorter duration of 

misalignment is associated with a more favorable 

prognosis.21,29 Nevertheless, favorable postoperative 

stereopsis outcomes can be achieved even in cases of 

chronic misalignment. It has been reported that adults with 

long-standing horizontal strabismus, lasting over 10 years, 

achieved satisfactory stereopsis following surgical 

correction.6,21,30 

The examined preoperative angle of strabismus 

showed no statistically significant difference in surgical 

success (p= 0.228). However, an interesting trend emerges 

considering the preoperative angle. Patients with an angle 

less than 60 PD have a 100% success rate, while those 

with an angle greater than or equal to 60 PD have a 

success rate of 70%. This observation suggests a potential 

threshold effect, where more significant angles may pose 

additional challenges in achieving successful outcomes, as 

explained by Kumari, et al. (2017), cited by Putri, et al. 

(2020).7 

 

Strength and Limitations 

 

There are several limitations in this study. The sample 

size was relatively small, limiting the generalizability of 

findings. This study focused on patients from a specific 

location (Dr. Soetomo General Academic Hospital, 

Surabaya, Indonesia), and extrapolating these results to a 

broader population should be conducted cautiously. The 

retrospective design and reliance on medical records 

also introduce inherent biases and potentially incomplete 

data. Future research with larger, diverse samples and 

prospective designs could address these limitations, 

providing a more comprehensive understanding of factors 

influencing strabismus surgery outcomes. The outcomes 

were based on the performance of a single surgeon, which 

might introduce bias related to individual surgical 

techniques and expertise. Future research involving 

multiple surgeons and institutions could address these 

limitations. Nevertheless, this study contributed valuable 

insights into the factors influencing strabismus surgery 

outcomes. The findings underscored the importance of 

age, misalignment duration, and potential angle thresholds 

in predicting surgical success, offering clinicians essential 

considerations for optimizing patient outcomes in 

strabismus correction procedures. Further research with 

larger sample sizes and diverse populations is encouraged 

to validate and expand upon these findings. 

 

Conclusion 

 

This study demonstrated significant results on the 

success of strabismus surgery by considering the age and 

duration of misalignment. Successful surgical outcomes 

tended to be achieved by patients of younger age and 

those with a shorter duration of misalignment. Additionally, 

while the preoperative angle of strabismus showed a trend 

toward significance, it did not significantly impact success. 

These insights emphasize the importance of considering 

the age and duration of misalignment in preoperative 

assessments to improve surgical outcomes. 
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