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ABSTRACT

Background: A-pattern esotropia is defined as an increase of more than 10 prism diopters (PD) divergence in down-gaze than
in up-gaze. The long-term outcomes of bilateral superior oblique tendon suture extension (SOSE), a hardware-free technique,
were evaluated in pediatric A-pattern esotropia with bilateral superior oblique overaction (bi-SOOA), addressing
complications associated with traditional silicone spacers and tenotomy.

Methods: In this retrospective cohort study, all participants with A-pattern esotropia and bi-SOOA underwent bilateral SOSE
using nonabsorbable polypropylene sutures combined with medial rectus recession. Preoperative and postoperative
assessments included prism cover testing in nine gazes, fundus photography for objective torsion quantification, and grading
of superior oblique overaction (SOOA).

Results: This study included 64 eyes from 32 children with a mean (SD) age of 7.0 (3.1) years and a mean (SD) postoperative
follow-up of 35.2 (15.6) months (range: 8-55). The mean (SD) A-pattern esodeviation collapsed from 23.4 (7.7) PD preoperatively
to 2.4 (2.3) PD postoperatively (P < 0.001), representing an 88.3% reduction. The mean (SD) horizontal esodeviation improved
from 37.5 (10.9) PD to 1.7 (1.8) PD in primary gaze (P <0.001). The mean (SD) objective fundus torsion decreased from 10.9 (2.5)
degrees to 1.1 (1.4) degrees (P < 0.001), with no cases of torsional diplopia or vertical deviation. SOOA grades normalized from
2.8(0.7) t0 0.2 (0.4) (P <0.001). No suture-related complications were observed, and alignment stability was maintained through
to the final follow-up visit.

Conclusions: In pediatric A-pattern esodeviation surgery, SOSE provided biomechanical precision, anatomical preservation,
and elimination of hardware-related risks. Its effectiveness in collapsing A-pattern esotropia, normalizing torsion, and
achieving durable outcomes establishes it as a first-line surgical intervention for bi-SOOA. This study addresses a significant
gap in pediatric ophthalmology, offering extended follow-up data and highlighting the value of minimally invasive, growth-
compatible techniques in protecting visual development. Larger randomized trials with extended follow-up are needed to
confirm the efficacy and safety of this procedure for A-pattern esotropia.
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INTRODUCTION

A-pattern strabismus, characterized by a divergence increase exceeding 10 prism diopters (PD) in down-gaze
compared to up-gaze, presents a complex surgical challenge when coexisting with bilateral superior oblique
overaction (bi-SOOA) in pediatric esotropia [1, 2]. The etiopathogenesis of A-pattern esotropia is multifactorial,
involving anomalies in orbital pulley systems, neural integrator dysfunction, and biomechanical imbalances of
cyclovertical muscles [2]. Superior oblique (SO) overaction, a predominant contributor to A-pattern esotropia, induces
intorsion and vertical misalignment, necessitating interventions that address both horizontal and torsional
components without compromising long-term ocular motility [1, 2].

Traditional management strategies for bi-SOOA have centered on SO-weakening procedures, including tenotomy,
recession, and silicone tendon expanders [3-5]. While tenotomy offers immediate weakening, it risks iatrogenic Brown
syndrome, postoperative hypercorrection, and torsional instability due to disruption of the tendon’s anatomical
insertion [4, 5]. Tendon-extension procedures could produce a reliable SO-weakening effect and prevent undesired
separation of the two cut ends. According to the extension material, tendon silicon expander and suture spacer
expander were mainly used [4]. Silicone spacers, though effective in graded SO lengthening, carry inherent risks of
foreign body reactions, extrusion, and peribulbar fibrosis, which is particularly problematic in pediatric patients with
evolving orbital anatomy [3, 6]. Recent studies underscore these limitations, reporting silicone-associated
complications in 12-18% of cases, including restricted ductions and reoperation rates due to spacer migration [7-9].

Emerging evidence advocates for suture-based techniques as a hardware-free alternative to mitigate implant-
related morbidity [3, 10, 11]. The superior oblique tendon suture extension (SOSE) technique, utilizing nonabsorbable
sutures, preserves the tendon’s native insertion while introducing a controlled, adjustable gap between transected
ends. This approach theoretically maintains the SO’s physiological arc of contact, reduces torsional sequelae, and
allows postoperative titration—advantages critically aligned with pediatric ocular growth dynamics [3]. Recent
biomechanical models corroborate that suture spacers modulate SO tension linearly, avoiding the nonlinear force
decay observed in tenotomies, thereby enhancing surgical predictability [3, 7].

Despite these advances, the long-term efficacy and safety profile of SOSE in pediatric A-pattern esotropia remain
underexplored. Prior studies [5, 7], such as the comparative work by Awadein et al. [7], focused predominantly on
silicone spacers vs. suture spacers, while contemporary research by Xia et al. [5] focused on graded suture
lengthening. However, children’s dynamic ocular growth [12] demands techniques that prioritize anatomical
conservation and long-term stability, features inadequately addressed in existing literature [5, 7, 9].

This study evaluates the clinical and torsional outcomes of bilateral SOSE combined with horizontal rectus
recession in pediatric A-pattern esotropia, with a mean follow-up of 35 months. By employing objective torsion
quantification via fundus photography and standardized 9-gaze prism cover testing, we aimed to establish the
procedure’s efficacy in collapsing A-pattern deviation and normalizing versions, assess its safety in preserving
torsional stability, and provide mechanistic insights into how suture-mediated tendon lengthening reconciles
anatomical preservation with functional correction. Our findings seek to redefine surgical paradigms for pediatric bi-
SOOA, offering a hardware-free, adaptable solution that aligns with the growing emphasis on minimally invasive,

complication-sparing strabismus surgery.

METHODS

This retrospective cohort study recruited consecutive pediatric patients diagnosed with A-pattern esotropia and bi-
SOOA who underwent bilateral SOSE combined with horizontal rectus recession between September 2017 and
November 2023. The study adhered to the tenets of the Declaration of Helsinki and received approval from the
Institutional Review Board of Shanghai Children’s Hospital (Approval No: 2023R090-E01). Informed consent was
obtained from all legal guardians.

We reviewed medical records of patients aged 3-16 years diagnosed with A-pattern esotropia and bi-SOOA who
underwent bi-SOSE combined with horizontal rectus recession. Exclusion criteria included best-corrected visual
acuity worse than 0.6 in decimal notation in the better-seeing eye, coexisting retinal pathology, prior strabismus
surgery, spherical equivalent >+3 diopters (D), and axial length >24.99 mm.

Recruited individuals underwent a thorough preoperative ophthalmic evaluation. All measurements and
sensorimotor examinations, both at initial evaluation and during each follow-up, were performed by a single,
experienced senior ophthalmologist specializing in strabismus. Comprehensive preoperative ophthalmological

examinations were measurement of best-corrected distance visual acuity using Topcon CC-100 projector Snellen
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visual acuity chart (Topcon; Topcon Corp., Tokyo, Japan) and detailed slit-lamp examination of the anterior segment
using Zeiss slit-lamp (Zeiss SL 800, Carl Zeiss Meditec AG, Jena, Germany).

To assess refractive status and visual acuity we conducted cycloplegic refraction using 1% Atropin (Xingi,
Shenyang, China), with optical correction prescribed for >6 weeks preoperatively following refraction by Nidek AR-
1 Autorefractor (Nidek Co., Ltd., Japan).

To assess ocular alignment, we performed prism and alternate cover testing (PACT) at 6 m and 33 cm in nine gaze
positions (primary, 25 degrees up/down-gaze, 30 degrees right/left-gaze, and cardinal positions). A-pattern was
defined as >10 PD divergence in down-gaze versus up-gaze [2], and its magnitude was calculated by subtracting the
up-gaze measurement from the down-gaze measurement.

To assess ocular motility and torsion, first SOOA was graded on a standardized 9-point scale (-4 [underaction] to
+4 [overaction]). Objective fundus torsion was quantified via dilated fundus photography. Torsion angle was
calculated as the angle between the fovea-optic disc axis and a horizontal reference line through the disc center [6].
Subjective torsion was assessed using double Maddox rod testing.

To assess passive forced duction, intraoperative passive exaggerated traction testing (PETT) was performed to
rule out restrictive etiologies (e.g., Brown syndrome) [13].

All surgical procedures were performed under intravenous inhalation combined anesthesia by a single surgeon
(TQ) using a standardized protocol. She performed the suture spacer surgical approach according to Goldenberg-
Cohen [3].

Considering differential diagnoses such as Brown syndrome and inferior oblique muscle paralysis, PETT was
performed at the start of the surgery to rule out limiting factors and estimate the SO tension degree [13]. A radial,
superonasal quadrant incision was made through the conjunctiva and Tenon’s capsule to expose the sclera. After
engaging the superior rectus muscle and isolating the SO tendon, a prearranged/rearranged double-armed 6-0
monofilament polypropylene suture (SURGIPRO II; Covidien, Medtronic, USA) with 4 mm interval was used,
transecting the superior oblique tendon in the interval. A 4-7 mm gap was set between the tendon cut ends depending
on the surgical design (Figure 1). The two cut ends were fixed by the sutures. The overlying conjunctiva incision was
closed using 8-0 Coated VICRYL Plus (Polyglactin 910) Synthetic Absorbable Suture (Ethicon, Ethicon Inc., NJ, USA).
For combined horizontal deviation, routine bilateral medial rectus recessions were performed simultaneously without
vertical transposition. No systemic medication was used.

Postoperatively, patients were evaluated at day 1, 1 week, 1 month, 6 months, and annually thereafter. The mean
(SD) follow-up duration for this cohort was 35.2 (15.6) months.

Assessments included alignment and version testing by repeating PACT in nine gazes. Success was defined as <10
PD horizontal and <8 PD vertical deviation in primary position [14]. Torsion was tested using fundus photography
and double Maddox rod. For measurement reproducibility, all measurements were recorded three times and the
average values were taken. Complications were assessed by surveilling for vertical deviation, torsional diplopia,

suture extrusion, and infection.

gl )
Figure 1. (A) Strabismus hook used to expose the oblique muscle tendon. (B) Suture spacer elongation
procedure. (C) Tendon transected with suture spacing consistent with the surgical design.
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Statistical analyses were conducted with SPSS (IBM SPSS Statistics for Windows, version 23.0, IBM Corp., Armonk,
NY, USA). Continuous variables were expressed as mean (standard deviation [SD]) and range. The preoperative and
postoperative strabismus correction outcomes were compared using paired t-test and, a P-value <0.05 was defined as

a statistically significant difference.

Sixty-four eyes of pediatric patients with A-pattern esotropia and bi-SOOA (Figure 2) underwent bilateral SOSE
combined with horizontal rectus recession. Of the 32 children, 18 were boys (56.3%) and 14 girls (43.7%). Mean (SD)
age at time of surgery was 7.0 (3.1) years (range: 3-16). Mean (SD) postoperative follow-up was 35.2 (15.6) months
(range: 8-55). All patients met inclusion criteria, with spherical equivalent of baseline refractive error and axial length
ranging from -1.25 D to +2.75 D and 20.7 mm to 23.9 mm, respectively (Table 1).

Concerning primary outcomes, the mean (SD) of preoperative A-pattern magnitude (23.4 [7.7] PD) significantly
collapsed postoperatively to 2.4 (2.3) PD (P < 0.001), representing an 88.3% reduction. Likewise, the mean (SD) of
preoperative SOOA grades using a 9-point scale (2.8 [0.7]) decreased significantly at the postoperative visit (0.2 [0.4])
(P < 0.001), evidencing near-normalization. Concerning horizontal alignment, the mean (SD) of preoperative
esodeviation in primary gaze (37.5 [10.9] PD) improved significantly to 1.7 [1.8] PD postoperatively (P < 0.001) (Table
2). Esodeviation in up-gaze and down-gaze similarly resolved. The mean (SD) preoperative esodeviation in up-gaze
and down-gaze were 50.5 (10.4) PD and 27.0 (10.6) PD, respectively, and at the postoperative visit measured 3.1 (2.5)
PD (P <0.001) and 0.7 (1.3), respectively (P <0.001) (Table 2).

Table 1. Baseline demographics and clinical characteristics of the study participants

Variables Values

Participants (eyes), n 32 (64)

Sex (Boys / Girls), n (%) 18 (56.3) / 14 (43.7)
Age (y), Mean % SD (Range) 7.0£3.1 (3 to 16)
Follow-up (m), Mean + SD (Range) 35.2+15.6 (8 to 55)
Spherical equivalent (D), Mean * SD (Range) 1.71 +1.73 (-1.25 to +2.75)
Axial length (mm), Mean = SD (Range) 22.2+1.2 (20.7 to 23.9)
A-pattern magnitude (PD), Mean + SD (Range) 23.4+7.7 (10 to 40)
SOOA (9-point scale), Mean = SD (Range) 28+0.7 (+1to+4)
Esodeviation in primary gaze (PD), Mean = SD (Range) 37.5+10.9 (20 to 60)
Esodeviation in up-gaze (PD), Mean * SD (Range) 50.5 +10.4 (40 to 70)
Esodeviation in down-gaze (PD), Mean * SD (Range) 27.0 +£10.6 (0 to 50)
Objective fundus intorsion (degree), Mean + SD (Range) 10.9+2.5 (6 to 17)

Abbreviations: n, number; %, percentage; y, years; SD, standard deviation; m, months; D, diopters; mm,
millimeters; PD, prism diopters; SOOA, superior oblique overaction. Note: A-pattern magnitude was calculated
by subtracting the up-gaze measurement from the down-gaze measurement.

Table 2. Preoperative and postoperative outcome measures.

Variable Preoperative value Postoperative value P-value
- 1 +
A-pattern magnitude (PD), Mean * SD 234477 (10 to 40) 24+23(0to08) <0.001
(Range)
- i +
SOOA (9-point scale), Mean + SD 28407 (+1to+4) 0204 (0to+1) <0.001
(Range)
E iation i i PD), M +SD .001
sodeviation in primary gaze (PD), Mean = S 37.5+109 (20 to 60) 1718 (0 to5) <0.00
(Range)
E iation i - PD +SD .001
sodeviation in up-gaze (PD), Mean + § 50.5+10.4 (40t070)  3.1+25(0to8) <0.00
(Range)
Esodeviation in down-gaze (PD), Mean + SD 27.0 106 (0 to 50) 07+13 (-1 to5) <0.001
(Range)
c . . "
g{zf;z;ve fundus intorsion (degree), Mean + SD 10.942.5 (6 to 17) 11414 (0 to 5) <0.001

Abbreviations: PD, prism diopters; SD, standard deviation; SOOA, superior oblique overaction. Note: P-values <
0.05 are shown in bold; A-pattern magnitude was calculated by subtracting the up-gaze measurement from the
down-gaze measurement.
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Figure 2. A 4-year-old boy admitted with bilateral esotropia since birth. Visual acuity: OD 0.6 (decimal), OS 0.6
(decimal). Prism examination: supraversion 25 degrees: +50 prism diopters (PD); primary position: +30 PD;
infraversion 25 degrees: +20 PD. Bilateral superior oblique muscle overaction was noted. Nine gaze positions of an
A-pattern esotropia patient treated with bilateral superior oblique tendon suture extension (SOSE) are shown. (A)
Preoperative image showing over-elevation in adduction of both eyes. (B) Postoperative one day after bilateral
SOSE shows orthotropic ocular alignment.

Torsional correction was assessed using the mean (SD) objective fundus intorsion, which decreased significantly
from 10.9 (2.5) degrees preoperatively to 1.1 (1.4) degrees postoperatively (P <0.001) (Table 2). Subjective torsion via
double Maddox rod testing corroborated these findings, with no patients reporting torsional diplopia.

Concerning surgical parameters, the length of the SO suture spacer ranged from 4 to 7 mm with a mean (SD) of
5.9 (0.9) mm, with most patients receiving 6-mm lengthening. Intraoperative PETT-guided adjustments ensured
graded tendon lengthening without overcorrection.

Concerning safety and complications, no postoperative vertical deviation (>8 PD), torsional diplopia, or suture-
related complications (e.g., extrusion, infection) were observed. All patients maintained anatomical integrity of the
superior oblique insertion, confirmed via fundus photography. Long-term alignment stability persisted through
follow-up, with no cases of A-pattern recurrence. Postoperative deviations at final follow-up (55 months) remained

within 5 PD of immediate surgical outcomes.

DISCUSSION
This study demonstrates that bilateral SOSE combined with horizontal rectus recession is a safe and highly effective

intervention for pediatric A-pattern esotropia associated with bi-SOOA. The superior oblique weakening technique was
helpful to solve this situation, hence various surgical procedures have emerged to this end: partial tenotomy, tenectomy, Z-
tendon lengthening, suture and silicone elongation [7-9].

Our results align with, and in several key aspects surpass, prior reports on SO-weakening techniques while addressing
critical gaps in pediatric strabismus literature. The 88.3% reduction in A-pattern deviation and near-complete resolution of
horizontal esodeviation (95.5% reduction in primary gaze) observed in our cohort exceed outcomes from traditional
tenotomy or silicone spacer techniques. For instance, Awadein et al. [7] reported a 75-80% reduction in A-pattern deviation
using silicone spacers, but with a 12% incidence of spacer extrusion and restricted ductions [7]. In contrast, our hardware-
free SOSE approach achieved superior stability (no recurrences over 55 months) and eliminated implant-related
complications. Xia et al. [5] described graded suture lengthening outcomes; however, their study combined pediatric and
adult data and did not include long-term follow-up [5]. Our work bridges this gap, demonstrating that SOSE is uniquely
suited for children, whose dynamic ocular growth [12] demands anatomically conservative techniques.

The biomechanical rationale for SOSE lies in its ability to modulate SO tension without disrupting anatomical insertion
of the tendon [5]. By creating a controlled gap (4-7 mm) secured with nonabsorbable sutures, SOSE avoids the abrupt force
decay associated with tenotomy, which destabilizes the tendon’s pulley system. This is critical in pediatric patients, where
preserving orbital anatomy ensures compatibility with ongoing ocular growth [15, 16]. Recent computational models by
Wei et al. [9] emphasize that SO overaction in A-pattern esotropia arises from disproportionate tension in the posterior
tendon fibers [9]. The SOSE technique, through graded lengthening, specifically targets these fibers, which explains the
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marked reduction in SOOA grades (2.8 to 0.2) and the absence of postoperative vertical deviations.

The postoperative reduction in SOOA grade from 2.8 to 0.2, along with torsional correction from 10.9 to 1.1 degrees,
further supports SOSE precision. These outcomes outperform those of tenotomy (which risks unpredictable torsional
instability) and recession [17] (which may undercorrect due to scleral insertion variability). Preservation of the native
insertion of the SO tendon in SOSE likely preserves physiological tension gradients, minimizing iatrogenic torsion—a critical
advantage underscored by the absence of torsional diplopia in our cohort. To avoid silicone-sclera adhesions [7, 18] and
orbital fat adherence syndrome [19, 20], keeping the intermuscular septum intact and maintaining Tenon capsule integrity
are crucial in operation. To minimize foreign material scar adhesions and avoid extrusion, researchers suggested using non-
absorbable sutures, which allow for adjustment intraoperatively and postoperatively and is technically easier as well as
time-saving [3, 10]. In our series, no such complications were observed in nearly three years of follow-up.

The strengths and innovations of this approach include its hardware-free safety, as it avoids the use of silicone implants,
thereby eliminating risks of extrusion, inflammation, and fibrosis, complications noted in silicone spacer cases [18, 21, 22],
and aligns with the increasing preference for suture-only techniques in pediatric surgery. Additionally, the method allows
for combined correction of A-pattern and esotropia through simultaneous horizontal rectus recession and SOSE [5, 7, 8],
which simplifies surgical planning and reduces operative time by avoiding vertical transposition. The former results
indicated that, even performed in the same operation, the surgical outcome of the A-pattern and the horizontal correction
had no interference with each other [23, 24]. We found similar results that both the horizontal and vertical strabismus were
significantly improved in our study.

The procedure demonstrates long-term stability, supported by a mean follow-up of 35 months and extending up to 55
months, providing strong evidence of durability, an essential factor for pediatric patients who require sustained
binocularity. Our study suggests that intorsions were corrected, which is comparable with previous spacer surgery by the
same graded method [14]. Moreover, the use of fundus photography for torsion measurement [5, 8] enhances the objectivity
and reliability of torsion assessment, offering a more rigorous approach compared to the subjective methods used in
previous studies.

Our findings position SOSE as a first-line intervention for pediatric bi-SOOA. The procedure’s adjustability, preserved
anatomy, and compatibility with concurrent horizontal surgery make it particularly advantageous for complex strabismus
cases. Furthermore, the absence of vertical deviation or reoperations underscores its safety profile, critical in children with
developing visual systems. While our study provides compelling evidence, limitations include its retrospective design and
small sample size. The absence of stereopsis assessment (e.g., Titmus test) may limit interpretation of functional visual
outcomes. Future prospective, multicenter studies with larger cohorts should incorporate these metrics and stratify
outcomes by age or suture length. Comparative trials against silicone spacers or tenotomy could further validate SOSE’s

superiority.

CONCLUSIONS

This study demonstrates that SOSE presents a viable surgical alternative for pediatric A-pattern esotropia with bi-SOOA,
combining anatomical preservation, procedural simplicity, and favorable postoperative outcomes. The technique avoids
implant dependence and reduces surgical invasiveness while effectively addressing both horizontal and torsional
deviations. These findings suggest that SOSE may enhance safety and efficacy in managing strabismus in pediatric patients.
The implications of this study support the adoption of SOSE as a valuable option in clinical practice, particularly for cases
requiring a hardware-free approach. However, future randomized trials with larger cohorts and longer follow-up periods
are needed to establish the efficacy and safety of this procedure in managing A-pattern esotropia. Future investigations
should focus on validating these results through larger, comparative studies and exploring functional outcomes, long-term

stability, and potential adaptations to other strabismus subtypes, such as exotropia or adult cases.
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