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Abstract 

Background or purpose: Intermittent exotropia is the most common cause of divergent deviation. Pattern strabismus may coexist 

with horizontal deviations in up 35% of cases. Managing pattern strabismus concomitantly with the correction of horizontal 

strabismus poses a challenge due to imbalances in force vectors. This study aims to evaluate the effects of planning an 

intermittent exotropia surgery considering the presence of pattern strabismus and its surgical resolution. Methods: Observational 

retrospective study of patients with intermittent exotropia who underwent surgical correction at center between 2017 and 2022. 

Patients were categorized by the presence of pattern strabismus and furthermore by surgical technique for the correction of said 

incomitance (weakening of inferior oblique muscles or vertical transposition of lateral rectus muscles). Outcomes of 

post-surgical horizontal deviation and presence of postoperative pattern strabismus were statistical analyzed between groups 

using SPSS software v28.0. A p-value <0,05 was considered significant. Results: A total of 169 patients had surgical correction 

for intermittent exotropia. Pattern strabismus was observed in 35,5% of patients, primarily V-pattern (88,3%). Most were male 

(58, 35%) with mean age of 15,13±16,38 years. 41,7% patients with pattern strabismus underwent correction of the incomitance. 

All techniques showed significant reduction of horizontal near (p<0,001) and distance (p<0,001) deviation. However, 

incomitance correction favored strongly not only the collapsing of pattern strabismus (p=0,027) but also achieved better results 

in postoperative distance (p=0,002) and near (p=0,031) horizontal deviation. The two techniques for resolution of pattern 

strabismus showed comparable results in postoperative horizontal near deviation values and resolution of pattern strabismus, 

favoring vertical transposition in horizontal distance deviation values (p=0,015). Conclusions: The presence of pattern deviations 

should be actively persecuted in pre-operatively appointments to plan the surgery appropriately, as benefits in correcting the 

vertical incomitance are supported by this study findings. Both vertical transposition of lateral rectus muscles and weakening of 

inferior oblique muscles are effective techniques to correct vertical incomitances. 
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1. Introduction 

Exotropia accounts for 25% of strabismus cases with in-

termittent exotropia (X(T)) being the most common type of 

divergent strabismus [1, 2]. The moment for surgical correc-

tion is still debatable but most cases of large angle of devia-

tion, reduction of stereoacuity or deterioration of fusional 

control can benefit from surgical intervention [1, 3]. 

In up to one third of horizontal strabismus an alphabetic 

pattern can be found [4, 5]. The incomitance is defined as a 

constant defect of concomitance in one or several directions 

of gaze [6]. 

Various pathogenic mechanisms have been suggested as 

the cause of A and V patterns including changes in activity of 

horizontal muscles between up and down-gaze; abnormal 

torsional rotation of the plans of motion of extraocular mus-

cles; orbital pulleys imbalances; or oblique muscles disfunc-

tion, mainly overaction [7, 8]. 

Management of A and V pattern strabismus can be prob-

lematic as transposing vertically horizontal muscles lead to 

significant changes in muscular force vectors [9]. Their primary 

action is reduced when the eye is gazing the direction the 

transposition is made, corresponding to the desired effect in 

reducing the pattern strabismus [9-11]. However it also creates 

a force vector in the direction of the transposition and a tor-

sional vector in the same direction, which can create extraocu-

lar muscle imbalances when attempting to diminish the pattern 

strabismus [9]. In most clinical practice settings, fortunately, 

this surgical method does not cause clinical subjective signifi-

cant adverse effects, and this effect is greater with transposition 

of vertical muscles [9, 12]. Caution should also be made when 

evaluating the function of oblique muscles. In exotropia pa-

tients, the presence of inferior oblique (IO) muscle overaction 

can result in a V pattern [5]. Therefore, planning a weakening 

of these muscles in addition to horizontal correction can result 

in both correction of horizontal and pattern deviation [5]. Some 

studies seem to favor that patients with pattern strabismus are 

also more prone to amblyopia, reduction of binocular fusion, 

absence or reduced stereopsis, risk of scoliosis and abnormal 

head posture [7, 10, 13]. 

The purpose of this study was to evaluate the motor out-

comes of planning an X(T) surgery taking into account the 

concomitantly presence of pattern strabismus and its surgical 

resolution. Additionally, the authors investigated if there was 

a difference in the postoperatively results between the surgical 

approaches for correction of pattern strabismus: weakening of 

IO muscle and those submitted to vertical transposition of 

lateral rectus (LR) muscles. 

2. Material and Methods 

The authors conducted an observational retrospective study 

reviewing the medical records of all patients with X(T) that 

underwent surgical correction for their deviation between 

January 1 of 2017 and December 31 of 2022 in Centro Hos-

pitalar Universitário de São João (CHUSJ). 

Horizontal deviation was measured using prismatic cov-

er-uncover test for both near (33 cm) and distance (6 m) tar-

gets. Exotropia patients were divided between those with 

pattern strabismus and those with no vertical incomitance. 

Incomitance was assessed in primary position and by tilting 

the head approximately the 25º up and down with the patient 

fixating at a distance target, mimicking straight up- and 

down-gazes. 

Two surgical approaches were used to correct horizontal 

deviation: unilateral LR muscle recession with medial rectus 

muscle resection surgery or bilateral LR recession surgery. 

Patients with pattern strabismus associated were then di-

vided between those submitted to surgery that only considered 

horizontal deviation from the ones additionally submitted to 

vertical incomitance correction. Two surgical techniques were 

used in addition to the horizontal correction: weakening of IO 

muscle by graduated IO recession; or vertical transposition of 

at least 1/2 of fibers of LR muscles, corresponding to a 

minimum of 5 mm. 

Patients were observed between 1 to 4 days after surgery, 

then at 1 month and 3 months postoperatively. A surgery was 

considered successful if in the 6-month follow-up visit a re-

sidual horizontal deviation within ± 10  D of orthotropia was 

achieved. 

Statistical analysis was performed using SPPS statistical 

software (IBM SPSS Statistics ver. 28.0.1.0; Chicago, IL, 

USA). The differences in the outcomes between groups were 

analyzed using t tests and its corrections for quantitative varia-

bles and Chi-square and McNemar tests for qualitative varia-

bles. A p value <0,05 was deemed statistically significant. 

The study and data collection were compliant with the 

principles of the Declaration of Helsinki. 

3. Results 

3.1. Global Characterization 

In the time period of this study 169 patients where surgi-

cally intervened for X(T). The mean age at time of surgery 

was 16,34±16,11 years, with 53,3% (n= 90) male patients. 

Mean best corrected visual acuity of the right eye was 

0,12±0,13 and 0,11±0,13 of the left eye, logmar scale. The 

demographic and clinical characteristics are summarized in 

table 1. 

Table 1. X(T) Patient demographic and clinical characteristics. 

Global characteristics n=169 

Age (years), mean ± SD 16,34  16,11 
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Global characteristics n=169 

Gender, n (%) 

Female 79 (46,7) 

Male 90 (53,3) 

Best corrected visual acuity (logmar), mean ± SD 

Right eye 0,12 ± 0,13 

Left eye 0,11 ± 0,13 

Horizontal muscles surgical intervention, n (%) 

Unilateral recess resect surgery 28 (16,6) 

Bilateral recession of lateral rectus muscles 141 (83,4) 

Baseline horizontal deviation ( D), mean ± SD 

Distance -38,62 ± 13,61 

Near -37,53 ± 15,54 

Pattern strabismus, n (%) 60 (35,5%)2 

V pattern 53 (88,3%) 

A pattern 5 (8,3%) 

Others 2 (3,3%) 

Pattern strabismus patients’ characteristics n=60 

Age (years), mean ± SD 15,13 ± 16,38 

Gender, n (%) 

Female 25 (41,7) 

Male 35 (58,3) 

Best corrected visual acuity (logmar), mean ± SD 

Right eye 0,11 ± 0,10 

Left eye 0,11 ± 0,11 

Baseline horizontal deviation ( D), mean ± SD 

Distance -39,90 ± 14,10 

Global characteristics n=169 

Near -38,12 ± 12,68 

Pattern strabismus correction surgery, n (%)  

Weakening of inferior oblique muscle 13 (21,67) 

Vertical transposition of lateral rectus muscle 12 (20) 

X(T), intermittent exotropia; ∆D, prismatic diopters 

The majority received a bilateral recession of LR muscles 

(83,4%, n=141) either or not with correction of pattern stra-

bismus. IO muscle overaction was found in 11,3% (n=19) of 

X(T) patients. 

3.2. Pattern Strabismus 

35,5% (n=60) of X(T) patients presented with pattern stra-

bismus, the majority of which corresponding to V pattern 

(88,3%, n=53), followed by A pattern (8,3%, n=5). 

The majority were males (58,35%, n=35) with a mean age 

of 15,13 ± 16,38 years. 

25 patients (41,7%) had additional incomitance surgery 

added to the correction of horizontal deviation. 

3.2.1. Pre-surgical Horizontal Deviation 

The mean distance deviation for patients submitted only 

to horizontal correction was -41,11 ± 13,59 ∆D and -38,12 

± 14,93 ∆D for patients undergoing concomitant surgery to 

correct the alphabetic syndrome (table 2). Identically, the 

mean values for near deviation were -39,51 ± 12,80 ∆D 

and -36,08 ±  13,59 ∆D for the same two groups. The 

p-value for both comparisons was 0,43 and 0,31, respec-

tively, indication no statistically significant difference be-

tween the two groups. 

Table 1. Patients with pattern strabismus. 

Characteristic 
Horizontal correction only patients 

(n=35) 

Pattern Strabismus correc-

tion patients (n=25) 
p value 

Distance deviation (∆D), mean ± SD 

Pre-surgery -41,11 ± 13,59 -38,12 ± 14,93 p = 0,43 

Post-surgery -9,91 ± 13,93 -1,96 ± 3,61 p = 0,002* 

Near deviation (∆D), mean ± SD 

Pre-surgery -39,51 ± 12,80 -36,08 ± 12,49 p = 0,31 

Post-surgery -7,37 ± 12,89 -2,20 ± 3,85 p = 0,031* 

Pattern strabismus, n (%) 
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Characteristic 
Horizontal correction only patients 

(n=35) 

Pattern Strabismus correc-

tion patients (n=25) 
p value 

Post-surgery 15 (42,85) 4 (16) p = 0,027** 

∆D, prismatic diopters 

*Equality of variances not assumed, Welch’s t-test for independent samples used 

**Pearson Chi-square test 

3.2.2. Post-Surgical Horizontal Deviation 

In patients with pattern strabismus all surgical techniques 

showed a significant reduction of horizontal deviation: -33,19 

± 16,96 ∆D (p<0,001) for distance deviation and -32.81 ± 

15,3 ∆D (p<0,001) for near deviation. 

A successful result was achieved in 73,3% (n= 44) for near 

and in 66,7% (n=40) for distance. A significant difference was 

found in success of surgery for distance deviation between 

patients corrected only horizontally and patients undergoing 

incomitance correction, favoring the latter (p<0,001). No 

differences were found for success in the correction of near 

deviation between the groups (p=0,11). 

After surgery, the mean near and distance deviation for 

patients submitted to horizontal correction only decreased to 

-7.37 11 ± 12,89 ∆D and -9,91 ± 13,92 ∆D. 

The corresponding mean values for patients corrected for 

pattern strabismus was -2,20 ± 3,85 ∆D and -1,96 ± 3,61 

∆D, respectively. 

When comparing both groups near and distance postoper-

ative results, a statistically significant difference was found in 

these two analyses (p=0,031 and p=0,002), corresponding to a 

greater reduction of horizontal mean deviation in patients for 

which not only the horizontal deviation was corrected but also 

the incomitance. 

3.2.3. Resolution of Pattern Strabismus 

Finally, the authors analyzed the reduction in incidence of 

pattern strabismus after surgery. In patients that realized only 

horizontal surgery (n=35), 15 patients (42,85%) maintained 

some degree of pattern strabismus. Contrastingly, patients 

submitted to simultaneous surgery to pattern deviation (n=25), 

only 4 patients (16%) had some vertical incomitance. The 

difference was found to be statistically significant with a 

p-value of 0,027. 

3.3. Surgical Techniques for Pattern Strabismus 

The authors analyzed the differences between the two sur-

gical techniques used for correction of incomitance in the 

pattern strabismus group. Weakening of inferior oblique 

muscle (group 1) was performed in 13 patients (21,7%); In 12 

patients (20%) (group 2) a vertical transposition of at least 

half of LR muscle fibers was made. All patients (n=13, 100%) 

in group 1 had IO muscle overaction, the vast majority (n=12, 

92,31%) presenting unilateral. Contrastingly, only 1 (8,33%) 

in group 2 presented unilateral IO muscle overaction. 

3.3.1. Pre-surgical Deviation 

Group 1 presented with a distance and near horizontal de-

viation of -33,0 ±  15,01  D and +33,92 ±  14,15  D, 

respectively. The same measures for group 2 were -44,18 ± 

12,94  D and -38,64 ± 10,25  D. No statistically signifi-

cant difference for distance deviation (p=0,07) nor near de-

viation (p=0,37) was found between the groups. 

3.3.2. Post-Surgical Deviation 

After surgery there was a statistically significant reduction 

of horizontal deviation in both groups both for distance and 

near measurements (p<0,001) (table 3). When comparing the 

two approaches no significant differences was for near devi-

ation (p=0,29), but a p value of 0,015 was found for compar-

ison of postoperative distance deviation, favoring the vertical 

transposition of LR muscles approach (table 4). 

Table 3. Variations in measured outcomes of patients submitted to pattern strabismus correction. 

Characteristic Group 1 (n=13) Group 2 (n=12) p value 

IO muscle overaction, n (%) 13 (100%) 1 (8,33%) - 

Distance deviation (∆D), mean ± SD 

Pre-surgery -33,0 ±15,01 -44,18  12,94 p = 0,066 

Post-surgery -3,62  4,27 -0,18 1,40 p = 0,015* 

Near deviation (∆D), mean ± SD 
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Characteristic Group 1 (n=13) Group 2 (n=12) p value 

Pre-surgery -33,92 ± 14,15 -38,64  10,27 p = 0,37 

Post-surgery -3,00  4,32 -1,45  3,36 p = 0,29 

Pattern strabismus, n (%) 

Post-surgery 2 (15,40) 2 (16,67) p =0,93 

Group 1, inferior oblique muscle weakening; Group 2, vertical transposition of lateral rectus muscle; ∆D, prismatic diopters 

Table 4. Patients submitted to correction of pattern strabismus. 

Characteristic Group 1 (n=13) Group 2 (n=12) p value 

IO muscle overaction, n (%) 13 (100%) 1 (8,33%) - 

Distance deviation (∆D), mean ± SD 

Pre-surgery -33,0 ±15,01 -44,18  12,94 p = 0,066 

Post-surgery -3,62  4,27 -0,18 1,40 p = 0,015* 

Near deviation (∆D), mean ± SD 

Pre-surgery -33,92 ± 14,15 -38,64  10,27 p = 0,37 

Post-surgery -3,00  4,32 -1,45  3,36 p = 0,29 

Pattern strabismus, n (%) 

Post-surgery 2 (15,40) 2 (16,67) p =0,93 

Group 1, IO muscle weakening; Group 2, vertical transposition of lateral rectus muscle; IO, inferior oblique; ∆D, prismatic diopters 

*Equality of variances not assumed, Welch’s t-test for independent samples used 

3.3.3. Resolution of Pattern Strabismus 

The authors found that only 2 patients in each group re-

mained with some degree of vertical incomitance, represent-

ing 15,40% and 16,67% of the sample for each group. This 

reduction was found to be statistically significant in both 

groups (group 1 p<0,001; group 2 p=0,002), with no signifi-

cant difference between groups (p=0,93). 

4. Discussion 

In this study, the authors investigated the effects of plan-

ning surgery considering the presence of pattern strabismus 

compared to performing surgery for only the horizontal de-

viation even in the presence of vertical incomitance. 

In the literature, prevalence of pattern strabismus in pa-

tients with horizontal deviations ranges from 15% to 35% [4, 

5], the main differences occurring due to significantly dif-

ferent number of samples in the studies. Contrastingly, in one 

2022 large sample study, the prevalence of pattern strabismus 

was revealed to be lower, at only 10% among patients with 

horizontal deviations [13]. Among this research X(T) patients 

a prevalence of vertical incomitance of 35,5% was found and 

it was hypothesized that this large number might be derived 

from a greater awareness in pre-operative assessments to 

actively look for this disturbance. the most common pattern 

found associated with X(T) was V pattern, in this study, as 

found in literature [13]. 

No differences were found in clinical characteristics be-

tween X(T) patients with pattern strabismus from those 

without, namely in gender, age, best corrected visual acuity, 

and quantification of horizontal deviation for near and dis-

tance. These findings seem to imply a greater need to perform 

a thorough orthoptic examination to identify patients with 

vertical incomitances, who otherwise can go unnoticed. 

Our data, unlike previous findings, showed that the effect 

of IO muscle weakening and vertical transposition of LR 

muscles on the correction of horizontal deviation in patients 

with X(T) seems to be statistically superior and achieved 

better postoperative results both for near and distance hori-

zontal deviation [8, 10]. In the authors knowledge, is it then of 

the utmost importance to actively search the presence of pat-

tern strabismus in patients who seem to suffer only from 

horizontal strabismus in order to plan the surgery accordingly, 

aiming to obtain the best results possible. 
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Various surgical techniques can be used to correct vertical 

deviations, as described in previous studies. Meeting previous 

findings in the literature, our data shows that in the absence of 

oblique muscles overactions, the vertical transposition of 

horizontal muscles is an effective and successful approach, 

even favoring the correction of distance horizontal deviation 

[10, 14]. This approach avoids surgery in a third muscle 

lowering the intra and post operative risks and allowing for a 

shorter surgery time. 

Given that IO muscle overaction is a well-established 

pathogenic mechanism contributing to vertical incomitance, 

this study demonstrated that weakening these muscles proved 

successful in resolving pattern strabismus, aligning with prior 

published studies [8, 15, 16]. The choice performing gradu-

ated recession of IO muscle was based on the level of IO 

overaction Other options might concentrate in diminish the 

muscle tension by myectomy or standard recession (6 mm) of 

IO muscle, as described in literature [16, 17]. 

This study has some limitations. Being a retrospective 

study, the sample is prone to selection bias and might be not 

representative of the general population. Furthermore, re-

viewing medical records and collecting good data is always 

dependent on quality of records, which was found to be sat-

isfactory in this sample. 

Another limitation of this study was the absence of suffi-

cient data to analyze changes in patients’ stereopsis and 

quantification of fusional potential pre- and postoperatively. It 

is speculated that patients with absence of stereopsis and 

binocular vision are more prone to pattern strabismus and if 

correction of vertical incomitance can improve fusional po-

tential in these patients. Previous studies strongly indicate that 

in the absence of binocular function, alphabetic patterns and 

torsional deviations are more likely to be present [7, 13]. 

Reciprocally, patients who regain binocular function postop-

eratively seem to have a minor residual deviation of vertical 

incomitance, and patients that have pattern strabismus cor-

rection seem to achieve higher levels of stereopsis [7]. 

Finally, no data regarding appearance of torsional deviation 

after vertical transposition of horizontal rectus muscles was 

collected. According to literature, vertical transposition of 

horizontal muscles can result in aggravating torsional devia-

tion and concomitant diplopia [9]. However, even if objective 

measures were absent from medical records, no report of 

subjective torsional deviation, manifesting as diplopia, was 

found among the patients studied, meeting the objective 

measures reported by previous studies [17]. 

Larger prospective trials would be desirable to study pre-

dictability of surgical effect according to amount of OI re-

cession and vertical transposition performed on the horizontal 

muscles. Having standardized measures for transposition in 

proportion to the amount of vertical incomitance present 

would benefit postoperative outcomes, minimize over- and 

undercorrections and making easier comparisons between 

surgical techniques. 

5. Conclusions 

In conclusion, the presence of pattern deviations should be 

actively persecuted in pre-operatively appointments in order to 

plan the surgery appropriately, as benefits in correcting the ver-

tical incomitance extend beyond correction of pattern strabismus, 

appearing to be advantageous in the correction of horizontal 

deviation. Both vertical transposition of LR muscles and weak-

ening of IO muscles are effective techniques to correct vertical 

incomitances associated with horizontal strabismus. 
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