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ABSTRACT 

	
Aims: This study aimed to evaluate the efficacy, functional (motor and sensory), and cosmetic outcomes of surgical management for horizontal childhood strabismus. It also sought to analyze the application and results of various surgical techniques   
Study design: A retrospective, single-surgeon, observational cohort study 
Place and Duration of Study: The study was conducted at the Ophthalmology Department of the Regional Hospital of Kasserine, Tunisia. Data was collected from surgeries performed between 2019 and 2021. The postoperative follow-up period ranged from 5 months to 2 years, with a mean follow-up of 1.2 years.
Methodology: Fifty-two (52) patients with horizontal strabismus were included. Exclusion criteria comprised paralytic, anatomical, microtropic, or pure accommodative strabismus, and insufficient follow-up. All patients underwent a comprehensive preoperative ophthalmological and orthoptic workup. Surgical procedures, performed under general anesthesia, were tailored to the deviation type and angle. They included muscle recession, resection, posterior myopexy (Fadenoperation), and botulinum toxin injections. Primary motor success was defined as a residual horizontal deviation ≤10 prism diopters (PD) with a vertical deviation ≤4 PD. Sensory success was defined as the achievement of stable binocular fusion and stereopsis <200 seconds of arc.
Results: The mean age at surgery was 12.6 ± 8 years. In the esotropia group (n=35), the immediate good motor result was 85.7%, stabilizing to 65.7% at long-term follow-up. In the exotropia group (n=17), the immediate success rate was 76.5%, stabilizing to 70.6% long-term. Stereopsis improved in 30.4% of patients. All patients, including those with residual angles, reported high satisfaction with the aesthetic outcome. Significant psychosocial benefits were noted. The overall long-term motor success rate was 69.2%. One case required surgical reoperation. No major complications were reported. 
Conclusion: Surgical management of horizontal childhood strabismus provides satisfactory and stable motor alignment and significant aesthetic and psychosocial benefits. However, the potential for functional sensory recovery remains limited, strongly associated with delayed intervention. This underscores the critical importance of early diagnosis and a comprehensive management strategy that integrates amblyopia treatment, optical correction, and timely, tailored surgery to optimize outcomes. 
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1. INTRODUCTION 

Strabismus is a misalignment of visual axes, representing a complex neurosensory syndrome that involves both motor and sensory components (Sauer & Speeg-Schatz, 2013). The motor component is characterized by an abnormal position of the deviated eye relative to the dominant (or fixating) eye, referred to as strabismic deviation. The sensory component relates to impaired binocular vision (Sauer & Speeg-Schatz, 2013). Strabismus affects approximately 2–5% of the population (Kattan et al., 2016). In our country, the prevalence of strabismus remains poorly defined due to limited epidemiological studies. A 2018 study conducted in Mahdia estimated the prevalence of pediatric strabismus at 2.22% (Mahmoud et al., 2018). Strabismus may also mask underlying systemic or orbital pathology, particularly neurological disorders or sight-threatening conditions such as retinoblastoma (Bienvenu et al., 2015). Moreover, it can result in significant functional and psychosocial complications. Functionally, strabismus may lead to the loss of stereoscopic vision and carries a high risk of amblyopia. Various studies report that 30–50% of strabismus cases may result in amblyopia, a condition in which the affected eye fails to develop normal vision, potentially leading to functional blindness if left untreated (Orssaud, 2014). From a psychosocial perspective, strabismus can have profound consequences, including occupational marginalization, social integration difficulties, and negative self-perception, all of which significantly impact quality of life. These complications also impose substantial economic and social burdens, highlighting the necessity of optimal management, particularly when initiated early. The prognosis of strabismus is closely linked to the age at onset, emphasizing the importance of coordinated care between general practitioners, pediatricians, and ophthalmologists for early detection and appropriate management. Management of strabismus involves both medical and surgical approaches. Surgical protocols are not standardized and remain the subject of considerable debate (Masson, 2022). Surgical outcomes depend on the type of strabismus as well as the preoperative motor and sensory status.
The aim of this study is to evaluate the efficacy of surgical treatment and assess its functional and cosmetic benefits. 

2. material and methods

This is a retrospective study including 52 cases of horizontal strabismus surgically treated by a single surgeon. We reviewed 52 medical records of patients who underwent surgery for horizontal strabismus at the Ophthalmology Department of the Regional Hospital of Kasserine between 2019 and 2021, over a two-year period.
Inclusion criteria
-Patients presenting with horizontal strabismus.
Exclusion criteria
-Incomplete preoperative clinical or orthoptic assessment
-Postoperative follow-up less than three months
-Paralytic or incomitant strabismus
-Strabismus of anatomical origin (muscular and/or orbital)
-Microtropia
-Pure accommodative strabismus
-Incomplete medical records
All patients underwent a detailed medical history, comprehensive ophthalmological examination, and preoperative sensory and motor orthoptic evaluation. This assessment was completed in all cases by an intraoperative examination under deep general anesthesia.
Management included a medical component aimed at treating amblyopia and improving binocular function, and a surgical component targeting orthotropia.
Surgical procedure
All surgeries were performed under deep general anesthesia by the same surgeon.
1. Surgical equipment
All procedures were performed using an operating microscope. Absorbable sutures (Vicryl 6-0, 3/8 circle, double-armed with spatulated needle) were used for extraocular muscles. Posterior myopexy was performed using non-absorbable 4-0 suture, and conjunctival closure was performed with 10-0 suture.
2. Preoperative tests
2.1. Anesthesia sign
For unilateral or asymmetric bilateral surgery, the anesthesia sign was used to identify the eye to operate on(the eye showing the greatest deviation under deep general anesthesia).
2.2. Forced duction test
Performed prior to conjunctival incision, this test assessed the mobility of the muscle and its capsulotenon system. It was particularly important in cases of consecutive or residual strabismus to detect conjunctivo-tenon adhesions from previous surgeries.
2.3. Muscle elongation test
Performed systematically, this test allowed evaluation of hypo- or hyper-elongation of the muscle. A hook was placed under the muscle, and movement was referenced to an instrument aligned with the pupillary center or the center-light reflex under the microscope.
3. Surgical protocols
3.1. Horizontal muscle surgery

Table 1: Dosages and limits of standard surgical maneuvers
Muscle	                Recession (mm) Efficacy (Δ/mm)	Resection (mm)	Efficacy 
Medial rectus 	     2 – 6	     3 Δ/mm	              3 – 10	             Suitable for TEM
Lateral rectus 	     3 – 10	     2 Δ/mm	              4 – 10	             Suitable for TEM
3.2. Surgery of associated vertical deviations
Postoperative evaluation
1. Motor outcomes
Motor results were classified into three categories:
-Esotropia:
-Good surgical outcome: residual deviation ≤10 Δ, or consecutive exotropia ≤10 Δ, with vertical deviation ≤4 Δ
-Undercorrection (ETR): residual deviation >10 Δ and/or vertical deviation >4 Δ
-Overcorrection (consecutive XT): conversion from ET to XT >10 Δ
-Exotropia:
-Good surgical outcome: residual deviation ≤10 Δ, with vertical deviation ≤4 Δ
-Undercorrection (XTR): residual exotropia >10 Δ
-Overcorrection (consecutive ET): residual esotropia >10 Δ
2. Sensory outcomes
A favorable sensory outcome was defined as stable binocular fusion with stereoscopic acuity <200 arcseconds.
3. Complications
Intraoperative complications (e.g., globe perforation) and postoperative complications (e.g., conjunctival granulomas or abscesses) were systematically recorded.
4. Reoperations
Reoperation was indicated in one case of esotropia with a residual angle of 40 Δ.
Data analysis
Data were entered and analyzed using IBM© SPSS Statistics version 21. Simple and relative frequencies (%) were calculated for qualitative variables. Means, medians, standard deviations, and ranges (minimum–maximum) were calculated for quantitative variables. Associations between qualitative variables were assessed using the χ² test. For quantitative variables, Pearson correlation coefficient was used for normally distributed data and Spearman’s test for non-normal data, ranging from -1 (perfect negative correlation) to +1 (perfect positive correlation). Associations between quantitative and qualitative variables were analyzed using one-way ANOVA (F-test). 


3. results

A. Age at surgery and duration of strabismus
The mean age of patients at the time of surgery was 12.6 ± 8 years, ranging from 1.6 to 32 years. In patients younger than 3 years, botulinum toxin injections were performed in six cases of earlyesotropia.
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Figure 1: Distribution of patients by age at the time of surgery 



Table 2. Age at surgery according to the clinical forms of strabismus
Clinical form of strabismus	Mean age at surgery (years)
Early esotropia               	10.5
Accommodative esotropia 	10.4
Acquired non-accommodative
 esotropia	                         14.3
Earlyexotropia 	                         17.0
Intermittent exotropia 	            17.6
Sensory strabismus	            16.7
The mean surgical delay, defined as the interval between strabismus onset and surgical intervention, was 7.9 years for esotropia and 13.4 years for exotropia.
Table 3. Statistics of surgical delay (in years) according to strabismus type
	Type of strabismus
	Mean (years)
	Standard deviation
	Minimum (years)
	Maximum (years)

	Early esotropia
	9.0
	8.9
	0.4
	31.6

	Accommodative esotropia
	6.5
	4.2
	3.0
	15.0

	Acquired non-accommodative esotropia
	3.6
	3.1
	0.1
	7.2

	Early exotropia
	16.0
	9.9
	8.0
	30.0

	Intermittent exotropia
	12.7
	2.4
	11.0
	17.0

	Sensory strabismus
	9.0
	7.3
	3.0
	19.0



B. Surgical protocols
1. Horizontal surgery in the esotropia group



Table 4. Distribution of surgical protocols
	Surgical protocol
	Number of cases

	Unilateral surgery
	8

	Bilateral two-muscle surgery
	23

	Bilateral three-muscle surgery
	2

	Isolated posterior myopexy
	3

	
	


Table 5. Surgical protocol according to clinical forms of esotropia
	Surgical protocol
	Early esotropia
	Accommodative esotropia
	
Acquired
 non-accommodative esotropia

	Unilateral surgery: medial rectus recession + lateral rectus resection
	5
	1
	0

	Bilateral two-muscle surgery :
	7
	1
	3

	Bilateral three-muscle surgery  (2medial rectus+ 1lateral rectus)
	1
	0
	1

	Isolated posterior myopexy
	1
	2
	0

	Posterior myopexy combined with horizontal surgery
	7
	6
	1

	Botulinum toxin injection
	6
	0
	0







Table 6. Surgical protocol according to distance–near incomitance

	Surgical protocol
	Distance–near incomitance
	No distance–near incomitance
	

	Isolated posterior myopexy
	2
	1
	

	Posterior myopexy + horizontal surgery
	11
	3
	

	Isolated horizontal surgery
	3
	11
	

	
	
	
	


Surgical techniques used in esotropia:
Recession of both medial rectus muscles with resection of the lateral rectus of the dominant eye was performed in 2 cases, for deviation angles of 60 PD and 70 PD.
Unilateral medial rectus recession combined with lateral rectus resection of the dominant eye was performed in 6 cases, for deviation angles ranging from 20 to 50 PD (mean: 33.1 PD).
Bilateral medial rectus recession was performed in 18 cases, for deviation angles between 20 and 70 PD (mean: 35.8 PD).
Isolated posterior myopexy was performed in 3 cases, for deviation angles between 15 and 30 PD (mean: 21.6 PD), with excellent outcomes.
Posterior myopexy combined with horizontal surgery was performed in 14 cases, for deviation angles between 20 and 70 PD (mean: 42.8 PD).
Botulinum toxin (Dysport®) injection into both medial rectus muscles was performed in 6 children with a mean age of 22.8 months, for deviation angles between 40 and 60 PD, all presenting with early esotropia
2. Horizontal surgery in the exotropia group






Table 7. Surgical protocols according to the clinical forms of exotropia
	Surgical protocol
	Early exotropia
	Intermittent exotropia
	Sensory strabismus
	

	Unilateral surgery: lateral 
rectus recession + medial 
rectus resection
	4
	0
	3
	

	Bilateral two-muscle surgery 
(lateral rectus muscles)
	1
	0
	1
	

	Bilateral three-muscle surgery 
(two lateral rectus + one medial rectus)
	2
	6
	0
	

	
	
	
	
	


Surgical techniques performed in exotropia
-Medial rectus resection combined with lateral rectus recession of the non-dominant eye was performed in 7 cases, for deviation angles ranging from 20 PD to 40 PD (mean: 30 PD).
-Bilateral lateral rectus recession was performed in 2 cases, with a mean deviation angle of 40 PD.
-Medial rectus resection of the non-dominant eye combined with bilateral lateral rectus recession was performed in 8 cases, for deviation angles ranging from 40 PD to 70 PD (mean: 53 PD).
3.Vertical muscle surgery
-Inferior oblique weakening was performed in 6 patients.
-A graded recession according to Parks’ technique was performed in 3 cases (1 early esotropia and 2 accommodative esotropias).
[bookmark: _Hlk166594655]-Inferior oblique weakening according to Fink-Gobin’s technique was performed in 3 cases (2 intermittent exotropias and 1 early exotropia).
C. Postoperative outcomes
1. Esotropia group
On postoperative day 1, 85.7% of patients achieved a satisfactory alignment, whereas 14.3% showed undercorrection.



Table 8. Distribution of immediate anatomical outcomes according to the type of esotropia
	Type of esotropia
	Successful outcome
	Undercorrection
	Overcorrection
	

	Early esotropia
	14
	6
	0
	

	ETAP
	10
	0
	0
	

	EANA
	5
	0
	0
	

	
	
	
	
	


2. Exotropia group
On postoperative day 1, 76.5% of patients (13/17) achieved a satisfactory alignment, whereas 23.5% (4/17) showed undercorrection. No cases of overcorrection were observed.
Table 9. Distribution of immediate anatomical outcomes according to the type of exotropia
	Type of exotropia
	Successful outcome
	Undercorrection
	Overcorrection
	

	Early exotropia
	5
	1
	0
	

	Intermittent exotropia
	4
	3
	0
	

	Sensory strabismus
	4
	0
	0
	

	
	
	
	
	


D. Three-month outcomes
1. Esotropia group
At three months postoperatively:
-85.7% of patients maintained a successful alignment.
-14.3% exhibited residual esotropia (undercorrection).
-No cases of consecutive exotropia were observed.
Table 10. Distribution of anatomical outcomes at three months according to the type of esotropia
	Type of esotropia
	Successful outcome
	Undercorrection
	Overcorrection
	

	Early esotropia
	17
	3
	0
	

	ETAP
	8
	2
	0
	

	EANA
	5
	0
	0
	

	
	
	
	
	


2. Exotropia group
At three months postoperatively:
-70.6% of patients achieved a successful alignment.
-29.4% exhibited residual exotropia (undercorrection).
-No cases of consecutive esotropia were observed.
Table 11. Distribution of anatomical outcomes at three months according to the type of exotropia
	Type of exotropia
	Successful outcome
	Undercorrection
	Overcorrection
	

	Early exotropia
	5
	1
	0
	

	Intermittent exotropia
	4
	3
	0
	

	Sensory strabismus
	3
	1
	0
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3. Postoperative outcomes on vertical deviation
Table 12. Postoperative outcomes of vertical deviation in the esotropia group
	Vertical deviation
	Resolved
	Improved
	Stable
	Worsened

	V pattern syndrome
	1
	4
	5
	0

	A pattern syndrome
	0
	2
	3
	0

	Dissociated vertical deviation (DVD)
	0
	1
	2
	0

	Hypotropia
	1
	0
	0
	0

	Hypertropia
	0
	0
	0
	0

	Inferior oblique overaction
	2
	6
	3
	0



Table 13. Postoperative outcomes of vertical deviation in the exotropia group
	Vertical deviation
	Resolved
	Improved
	Stable
	Worsened

	V pattern syndrome
	0
	2
	6
	0

	A pattern syndrome
	0
	0
	1
	0

	Dissociated vertical deviation (DVD)
	0
	0
	0
	0

	Hypotropia
	0
	0
	0
	0

	Hypertropia
	2
	0
	0
	0

	Inferior oblique overaction
	2
	5
	5
	0


E. Long-term outcomes
1. Esotropia group
At the end of follow-up:
-24 patients (65.7%) achieved a successful alignment.
-11 patients (34.3%) exhibited residual esotropia (undercorrection).
-No cases of consecutive exotropia were observed.
2. Exotropia group
-12 patients (70.6%) achieved a successful alignment.
-5 patients (29.4%) exhibited residual exotropia (undercorrection).
-No cases of consecutive esotropia were observed.
E. Long-term outcomes
1. Esotropia group
At the end of follow-up:
-24 patients (65.7%) achieved a successful alignment.
-11 patients (34.3%) exhibited residual esotropia (undercorrection).
-No cases of consecutive exotropia were observed.
2. Exotropia group
-12 patients (70.6%) achieved a successful alignment.
-5 patients (29.4%) exhibited residual exotropia (undercorrection).
-No cases of consecutive esotropia were observed.
3. Clinical outcomes
Torticollis disappeared in 2 cases.
4. Aesthetic outcomes
All patients, including those with residual deviation, were highly satisfied with the cosmetic result.
5. Psychological outcomes
The majority of patients, particularly children and adolescents (notably young girls, who were the most numerous in this series), showed improved social interaction, frequent smiling, and disappearance of feelings of low self-esteem, with positive impact on behavior and school performance.
6. Sensory outcomes
Fusion status:
Good binocular fusion was achieved in 4 cases of accommodative esotropia, 3 cases of acquired non-accommodative esotropia, and 6 cases of intermittent exotropia.
Stereoscopic vision:
Successful stereoscopic vision, considered a criterion of sensory success, improved in 16 patients (30.4%), including 10 cases of esotropia and 6 cases of exotropia.Stereoscopic vision remained stable in 32 patients (69.5%).
Table 14. Postoperative stereoscopic vision according to the type of strabismus
	Type of strabismus
	Early esotropia
	ETAP
	EANA
	Early exotropia
	Intermittent exotropia
	Sensory exotropia
	

	Improved stereopsis
	2
	6
	2
	0
	4
	0
	

	Stable stereopsis
	12
	4
	3
	6
	3
	4
	

	
	
	
	
	
	
	
	


7. Postoperative diplopia
No cases of postoperative diplopia were reported.
F. Complications
No serious intraoperative complications were observed.
A second surgical intervention was required in one case of acquired non-accommodative esotropia that recurred six months after the initial surgery, with a preoperative deviation angle of 45Δ.
G. Overall success rate
The long-term overall success rate, according to the type of strabismus, is summarized in Table 15.
Table 15. Overall long-term motor success rate according to the type of strabismus
	Type of strabismus
	Early esotropia
	ETAP
	EANA
	Early exotropia
	Intermittent exotropia
	Sensory strabismus

	Overall success rate
	60%
	80%
	80%
	83%
	57.8%
	75%



DISCUSSION
I. Surgical Techniques
1. Horizontal surgery
a. Muscle weakening:
Recession of an extraocular muscle according to Jameson’s technique is the oldest and most widely used method. It consists of two steps: disinsertion and reinsertion of the muscle. Gobin proposed a loop recession technique, which allows greater recession without changing the scleral anchoring point of the tendon. Julou introduced the arc recession technique, allowing the suture to slide easily through scleral passages while maintaining the contact arc. In our series, recessions were performed following Jameson’s method using Marrakchi’s modification, which involves creating the scleral passes before severing the tendon.
b. Posterior fixation (Faden operation or “Cüppers suture”):
Posterior myopexy was first described by Cüppers in the 1970s (Cüppers, 1970). It involves retro-equatorial anchoring of the muscle to the sclera, progressively limiting muscle action without altering ocular alignment in other gaze positions. The effect is minimal in primary position and increases with muscle contraction, making it useful for tonic incomitant deviations (Quéré, 1993). Variants include Cüppers’ original technique, Decker and Conrad’s marginal anchoring, and the muscle slinging method proposed by Quéré and later modified by Polenghi. In our series, a bridge sling technique inspired by Castiella and Polenghi was applied at 14 mm from the original insertion in 17 cases.
c. Botulinum toxin:
Botulinum toxin injection provides an alternative to early surgical intervention, particularly given difficulties in accurately measuring the deviation angle and the potential for spontaneous normalization (Thouvenin, 2008; Masson, 2013). No study has yet demonstrated a reduction in secondary surgeries after early intervention. Botulinum toxin offers a favorable risk-benefit profile, being less invasive and avoiding cicatricial consequences. A single injection achieves microtropia in 50% of cases and can prevent surgery in 60–78% of cases according to published series (Wilson & Parks, 1989). Outcomes are generally more favorable in esotropia than exotropia (Scott et al., 1995; Thouvenin, 2008). In a series of 74 infantile esotropias treated with botulinum toxin at a mean age of 3.5 years, improvement in horizontal deviation was observed in 82.4% of cases, with only 35% requiring subsequent surgery (Thouvenin, 2008). In our series, six patients with early esotropia received botulinum toxin injections in both medial recti at a mean age of 22.8 months, resulting in marked improvement (deviation <10Δ) at three months.
d. Muscle strengthening (resection or plication):
Muscle strengthening involves tightening the anterior portion of a muscle by plication or resection, increasing passive tension without affecting active force (Strabologie, 2013). Resection removes a portion of the anterior tendon to enhance muscle effectiveness. Plication offers the same effect but avoids severing the muscle and ciliary vessels, and is reversible within 48 hours in case of overcorrection. This technique was not used in our series.
e. Adjustable sutures:
Adjustable suture surgery allows postoperative repositioning of horizontal, vertical, or oblique extraocular muscles to optimize ocular alignment (Keech, 1990). Keech analyzed 333 patients and recommended adjustable sutures primarily for complex vertical deviations. Limitations include poor patient cooperation, vagal reactions, suture slippage, or difficulty accessing the knot due to conjunctival edema. This technique was not applied in our series.
2. Vertical surgery
a. Alphabetical syndrome surgery:
a-1. Vertical transposition of horizontal recti:
Transposition involves disinserting a rectus muscle and reinserting it outside its physiological action plane. When alphabetic syndromes are associated with oblique dysfunction, oblique muscles are addressed first (Knapp, 1959). In V-pattern incomitance, medial recti are shifted downward toward the V apex, while lateral recti are shifted upward toward the V base; the opposite applies for A-pattern incomitance (Strabologie, 2013). Medial recti are always moved toward the apex and lateral recti toward the base. Surgery is usually bilateral and symmetric, combined with recession or resection; unilateral surgery may be performed if only one eye is involved (Strabologie, 2013; Dickmann et al., 2011). The effect depends on the magnitude of the shift and initial incomitance. A half-width shift reduces incomitance by 10–20Δ, while a full-width shift corrects 25–30Δ (Strabologie, 2013).
a-2. Oblique weakening or strengthening of horizontal recti:
Horizontal recti primarily act in the horizontal plane; superior or inferior fibers contribute more in upward or downward gaze. Selective recession of superior medial rectus fibers and/or strengthening of superior lateral rectus fibers may address V-pattern esotropia; the converse applies for exotropia (Strabologie, 2013). In our series, no transpositions or oblique modifications of horizontal recti were performed, as initial strabismus surgery adequately improved alphabetic syndromes.
b. Inferior oblique overaction surgery:
Access is through the inferior temporal quadrant. The entire muscle, including posterior fibers, must be sectioned. During reinsertion, anterior and posterior fibers should be carefully separated (Strabologie, 2013). Anterior reinsertion is performed at a variable point to achieve the desired effect. Gobin’s anteriorization (equator, ~13 mm from limbus) is used for moderate overaction; Parks’ technique (3 mm posterior to inferior rectus insertion, 2 mm lateral, posterior point 6 mm behind anterior) is reserved for severe cases (Gobin, 1960; Parks, 1989; Wilson & Parks, 1989). In our series, each technique was applied in 3 cases.
c. Dissociated Vertical Deviation (DVD) surgery:
Improved binocular vision may help mask DVD. When associated with other strabismus types, horizontal deviations are addressed first. Surgery is indicated for socially significant deviations, typically through superior rectus recession, sometimes combined with posterior fixation (Christiansen et al., 2009; Strabologie, 2013). In our series, 3 early esotropia cases with DVD did not undergo vertical surgery due to small deviation angles.
II. Indications
Surgical indication depends on clinical strabismus type, deviation magnitude, binocular function, and response to medical therapy.
1. Early strabismus :
Characterized by large deviations and marked sensory perversion (Lajmi et al., 2021). Options include early botulinum injection (≥6 months) or orthoptic-age surgery. In our series, botulinum toxin was injected in 6 cases from 19 months. Twenty early esotropia cases underwent surgery at a mean age of 10.5 years. Early injection is encouraged (mean age 22.8 months), as delayed consultation explains limited sensory outcomes.
2. Accommodative esotropia:
Typically presents between 1.5–4 years with normal sensory function. Partially accommodative esotropia persists despite optical correction. Persistent distance deviation is treated with monocular or binocular medial rectus weakening and lateral rectus strengthening, with posterior fixation if convergence excess persists (Akar et al., 2013). In our series, surgery was performed when deviation was cosmetically significant. Age at surgery ranged from 4–22 years (mean 10.4).
3. Non-accommodative acquired esotropia:
Concomitant esotropia in normosensory children, sometimes responsive to neutralization. Prism therapy or occlusion may be used pending surgery. Rapid intervention is recommended to preserve binocular potential (Strabologie, 2013). Five cases were surgically treated, including one with preoperative diplopia.
4. Early exotropia:
Rare, often associated with ocular or systemic pathology. Surgery is indicated after optimal optical correction and amblyopia treatment, considering craniofacial and neurological status (Na & Kim, 2019; Baeteman et al., 2008). Binocular training is contraindicated due to risk of permanent diplopia (Hullo, 1988). Five cases were operated for angles >15Δ.
5. Intermittent exotropia:
Treatment is debated due to variability and natural history. Surgery is indicated for poor fusion control, large deviation, or failed medical therapy (Chia et al., 2005; Zou et al., 2017). In our series, mean surgical age was 17.57 years. Functional signs or frequent tropic episodes with deviation >15Δ warranted surgery.
6. Sensory exotropia:
Organic causes must be treated first; amblyopia addressed in children. Surgery is indicated for functionally or cosmetically significant deviations (Lajmi et al., 2020; Shafik et al., 2022).
7. Residual or recurrent strabismus:
Incidence of undercorrection/recurrence varies from 20–40% for esotropia and 22–59% for exotropia (Sidikaro & von Noorden, 1982). Surgical retreatment is recommended for residual deviations >16Δ (Bérard, 1993). One recurrent esotropia case was reoperated in our series.
III. Surgical outcomes
1. Success
a. Motor success:
Reported success rates for esotropia surgery vary between 45% at 5 years and 87.7% at 1 year (Al-Wadaani, 2007). Early-onset esotropia success ranges 48–90% (Magli et al., 2014), non-accommodative acquired esotropia 65.7–88% (Kim & Choi, 2017), and partially accommodative esotropia 37–91% (Magli et al., 2014). Our study demonstrated 96.8% success in convergent strabismus, likely due to individualized preoperative and intraoperative strategies.Exotropia success rates in literature: Aslanis et al. (2006) 69%, Stoller et al. (1994) 58%, Thorisdottir et al. (2021) 70–80%, Orale et al. (2010) 87.5%. In our series, overall exotropia success was 73.3% (early 80%, intermittent 66.6%, sensory 75%).
b. Sensory success:
Mills & Baker (2003) reported binocular improvement of 7.1% in exotropia and 10% in esotropia. Fatima et al. (2009) observed true stereopsis at 6 weeks in 33% of large-angle horizontal strabismus. Abroms et al. (2001) reported 51/76 intermittent/constant exotropia cases with binocular fixation <60 arcseconds. Scott et al. (1995) found 23% stereopsis development in early strabismus. In our series, satisfactory fusion was achieved in 13 patients, including 6 intermittent exotropia, 4 EPA, and 3 ETANA cases. Stereopsis improvement was noted in 2 early esotropia, 6 ETAP, 2 ETANA, and 4 intermittent exotropia cases.
2. Surgical failure:
Quéré (1992) defined satisfactory motor outcome as residual horizontal <8Δ and vertical <4Δ. Residual deviations 10–20Δ are minor failures; >20Δ constitutes major failure. Bourron-Madignier (1992) emphasized failure as unmet preoperative goals, varying by strabismus type (normosensory, early-onset, sensory). Partial failure requires additional surgery on untreated muscles; true failure necessitates reoperating on previously treated muscles. Causes include motor assessment errors, suboptimal optical correction, untreated vertical components, unrecognized accommodative elements, intraoperative misjudgment, or incorrect surgical dosage. In our series, three motor failures were recorded (postoperative deviation ≥20Δ): 1 early exotropia, 1 early esotropia, and 1 intermittent exotropia.
CONCLUSION
Surgical management of horizontal strabismus in children remains an effective treatment, achieving satisfactory motor outcomes, particularly when intervention is indicated early and the surgical protocol is tailored to the type of deviation. In our series, postoperative ocular alignment was achieved in the majority of cases, with an overall success rate comparable to that reported in the literature. The aesthetic and psychological benefits, widely reported by our patients, complement the functional outcomes and contribute significantly to improving quality of life.However, sensory outcomes remain more limited, reflecting the impact of delayed management and the duration of strabismus before surgery. Recovery of binocular fusion and stereoscopic vision remains restricted, underscoring the importance of early detection and timely intervention. Therefore, postoperative orthophoria should not be considered the sole goal; optimal management relies on an integrated strategy combining amblyopia treatment, optical correction, orthoptic rehabilitation, and appropriately tailored surgery.Multicenter studies with extended follow-up are warranted to refine therapeutic protocols and improve long-term functional outcomes.
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