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ABSTRACT | Purpose: To conduct a 10-year follow-up on the 
surgical correction of large-angle esotropia using monocular 
surgery, verifying surgical stability over time in both adults and 
children, and investigating the presence of consecutive exotropia 
among reviewed patients. Methods: The angles of deviation in 
primary position were measured using prism cover testing in 
patients with good vision in both eyes and the Krimsky method 
in those with severe amblyopia. Among the 46 patients who 
underwent surgery, 40 were evaluated 10 years post-surgery. 
Student’s t-test and McNemar’s test were used for statistical 
analyses. Results: No significant differences in the angles of 
deviation in primary position were found between measurements 
taken 6 months and 10 years post-surgery (p=0.922), as well as 
between children and adults (p=0.767). Among the 40 reviewed 
patients, only five presented with exotropia, all of which were 
small (the largest being XT 15∆). Therefore, large consecutive 
exotropia over time was not observed. Conclusion: Our results 
suggest that monocular surgery to correct large-angle esotropia 
using large medial rectus recessions and broad lateral rectus 
resections was viable and safe in both adults and children over 
short and long terms.

Keywords: Strabismus; Esotropia; Exotropia; Oculomotor mus-
cles; Refractive errors

RESUMO | Objetivo: Conduzir um acompanhamento de 10 
anos de correção cirúrgica de esotropias de grande ângulo com 
cirurgia monocular, verificando a estabilidade cirúrgica ao longo 
do tempo em adultos e crianças, investigando a presença de 
exotropias consecutivas entre os pacientes revisados. Métodos: 
Os ângulos de desvio em posição primária foram medidos 

usando teste de cobertura prismática em pacientes com boa 
visão em ambos os olhos e o método de Krimsky naqueles com 
ambliopia severa. Entre os 46 pacientes operados, 40 foram 
avaliados 10 anos após a cirurgia. O teste t-Student e o de 
McNemar foram usados para análises estatísticas. Resultados: 
Não foram encontradas diferenças significativas nos ângulos de 
desvio em posição primária entre as medidas realizadas 6 meses 
e 10 anos pós-operatórios (p=0,922, assim como entre crianças 
e adultos (p=0,767). Entre os 40 pacientes revisados, apenas 
cinco apresentaram exotropias, todas pequenas (sendo o maior 
XT 15∆). Portanto grandes exotropias consecutivas ao longo do 
tempo não foram observadas. Conclusão: Nossos resultados 
sugerem que a cirurgia monocular para corrigir a esotropias de 
grande ângulo usando amplos recuos do reto medial e grandes 
ressecções do reto lateral foi viável e segura tanto em adultos 
quanto em crianças em curto como a longo prazo.

Descritores: Estrabismo; Esotropia; Exotropia; Músculos oculo-
motores; Erros de refração

INTRODUCTION
As demonstrated in several studies, large-angle eso-

tropia has been generally corrected through bilateral 
surgery of the four horizontal muscles (or at least three 
of them)(1-4). This procedure had become commonplace 
among academic circles after the 1922 study by Jame-
son(5) demonstrated a new surgical technique, i.e., medial 
rectus recession with scleral suturing a few millimeters 
from the muscle’s original insertion. This technique was 
of substantial importance given that it made strabismus 
surgeries more predictable compared to primitive sur-
geries, which simply excised the muscle (myotomy)(6,7)  
or tendon (tenotomy)(8-10) without suturing. However, 
the author’s initial challenge was to determine exactly 
how many millimeters of muscle recession was needed 
in each case, as well as the maximum possible recession, 
considering the absence of any previous parameters in 
the literature. Given that the distance from the inser-
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tion of the medial rectus to the equator of the eye was 
already known at the time to be approximately 5-6 mm, 
Jameson considered it more prudent to make a recession 
of 5 mm at most. Thus, the muscle would not be inserted 
beyond the equator, which could weaken it to the point 
where secondary exotropia could develop over time as 
had already been observed in cases involving myotomy 
and tenotomy.

Therefore, 5 mm had been established as the maxi-
mum medial rectus recession to be used in esotropia 
surgeries at the time. Although monocular surgeries 
were sufficient for correcting small and medium esotro-
pia cases, large-angle esotropia could be only corrected 
through bilateral surgeries. This fact was accepted by 
the academic community and became a rule (practically 
dogma) that was followed by all ophthalmologists of 
the time - a rule that continues to be followed today to 
a certain extent(11-13). This rule has remained prevalent 
perhaps because of the expectation that medial rectus 
recessions larger than 6 mm would cause consecutive 
long-term exotropias and limited short-term motility in 
the operated eye, thereby impairing its rotation.

The first author to go against this rule was Rodríguez- 
Vásquez(14), who, in 1974, proposed a new surgical te-
chnique to correct the syndrome of bilateral limitation 
of abduction (also known as Ciancia’s syndrome) by 
performing large medial rectus recessions (6-9 mm) in 
both eyes depending on the magnitude of the ocular 
deviation. Other authors(2-4,15-17) had been able to con-
firm Rodriguez-Vasquez’s surgery in practice. However, 
despite its status as a groundbreaking study, the former 
rule regarding binocular surgery for correcting large- 
angle esotropia had been maintained.

Recently, however, a number of new studies have 
proposed monocular surgery for the correction of large- 
angle esotropia using large recessions of the medial 
rectus(18-22). Among such research, the study by Gigante 
and Bicas(18) stands out. Their study analyzed 46 patients 
who had undergone surgery at the University Hospital 
of UNOESTE School of Medicine in Presidente Prudente, 
São Paulo, Brazil from 2000 to 2006. All of the patients, 
which included children and adults of both genders with 
and without amblyopia, presented with esotropia of 50∆ 
or more and relatively comitant deviations. Surgeries 
were performed using large recessions of the medial 
rectus (6-10 mm) and broad resections of the lateral 
rectus (8-10 mm) in the non-fixating eye (which gene-
rally had worse vision). The eye exhibiting better vision 
was always spared. General anesthesia was used during 

surgery, while the surgical technique employed was that 
normally used during resection and recession with non- 
readjustable suturing.

Measurements of the angle of deviation in primary 
position (PP) obtained by the authors were comparable 
with those in the literature. Moreover, no significant 
differences had been observed between children and 
adults or between cases with and without amblyopia. 
However, lateroversion measurements were not con-
sistent with the substantial limitations reported in the 
literature. Nonetheless, good motility of the operated 
eye was observed with only slight limitation in adduc-
tion and none in abduction.

Given the innovative nature of the original study, 
we found it imperative to conduct a follow-up study on 
the operated patients included therein. This study had 
been conducted between 2013 and 2014, approxima-
tely 10 years post-surgery. The purpose of this study 
was to describe long-term (10 years) surgical outcomes 
among patients who underwent monocular surgery to 
correct large-angle esotropias. Accordingly, the current 
study compares the angles of deviation in PP measured 
6 months and 10 years post-surgery and outcomes bet-
ween children and adults (defined based on their ages 
at the time of surgery) 10 years later while determining 
whether the presence of exotropia was a consequence 
of large medial rectus recession 10 years post-surgery.

METHODS

A total of 46 patients underwent surgery in the study 
by Gigante and Bicas(18). The aforementioned study inclu-
ded patients with esotropia of 50∆ or more and excluded 
those with muscular paralysis, high myopia, Ciancia 
syndrome, dissociated vertical divergence, accommoda-
tive esotropias, large vertical deviations associated with 
esotropia, alphabetic syndromes, and previous surgeries 
in either eye. Of the 46 patients, 41 regularly attended 
their follow-up visits until 6 months post-surgery. Among 
the 41 patients, 36 were included in the study. Their cha-
racteristics at the time of surgery, surgical treatment, and 
surgery dates are presented in table 1.

Of the five patients not included in this follow-up 
study, ICS had already died, FCM was living in Portugal, 
and DBB had been incarcerated and has had no contact 
with his family. The other two had not been found.

Five patients did not complete their 6 months of 
follow-up visits. Among them, four were found and 
evaluated, revealing the following angles of deviation in 
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PP: AMS, ET 4∆; RPS, ET 20∆; OJS, ET 8∆; and PHCM, ET 
18∆. The aforementioned patients were excluded from 
statistical analysis given the unavailability of results for 
their 6-month follow-up. However, we consider it im-
portant to cite them in order to show that none of them 
experienced consecutive exotropia.

The methods used to measure the angles of deviation 
in PP included prism cover test in patients with no or 

moderate amblyopia and the Krimsky method in cases 
with severe amblyopia. The angle of deviation used in 
the tables was calculated with the patient looking at a 
distant set-point using his or her preferred eye (i.e., the 
eye not operated on) and his or her best possible optical 
correction.

Although lateroversion angles of deviation were not 
measured, all of the patients were photographed in 

Table 1. Patient characteristics and measurements of the angle of deviation in PP 6 months and 10 years post-surgery and in lateroversion 6 months 
post-surgery

Patient’s 
initials Gender Age

Visual 
acuity

Pre-surgical 
angle∆

Surgery performed
Measurements of angles of  

deviation in 6-month follow-up
Post-

surgical angle∆

6-month 
follow-up

Post-
surgical angle∆

10-year 
follow-upOD OS

Recession 
(mm)

Resection 
(mm) Adduction PP Abduction

LBP F 40 0.40 0.80 75 5 10 - - - ET 8 ET 5

MHCS F 43 0.20 1.00 95 7 10 ET 12 ET 12 ET 15 ET 12 ET 10

JJAS M 6 0.80 0.60 50 5 9 ET 10 ET 12 ET 20 ET 12 ET 20

LV F 31 0.40 1.00 70 6 10 - - - ET 8 ET 4

ACV F 10 1.00 1.00 55 6 7 ET 4 ET 12 ET 14 ET 12 ET 2

PPG1 M 58 C.D. 1.00 65 8 9 ET 2 ET 7 ET 17 ET 7 ET 15

TCSS F 4 0.90 0.90 65 7 10 XT 18 ET 2 ET 7 ET 2 ET 4

POS F 8 1.00 1.00 60 6 10 ET 16 ET 20 ET 25 ET 20 ET 30

PHF M 16 1.00 1.00 70 8 10 XT 4 ET 8 ET 8 ET 8 ET 10

JIG* M 39 0.05 1.00 55 7 8 XT 10 ET 5 ET 5 ET 5 ET 5

AB* M 29 H.M. 1.00 75 8 10 XT 10 ET 8 ET 16 ET 8 ET 18

SRS M 27 1.00 0.6 75 8 9 - - - ET 8 ET 12

MASP F 44 0.40 1.00 65 8 10 ET 10 ET 20 ET 16 ET 12 ET 14

VAA M 32 0.80 0.80 80 10 10 - - - ET 5 ET 5

DMC M 33 1.00 0.80 70 8 9 ET 4 ET 14 ET 14 ET 14 ET 8

SS F 14 1.00 1.00 50 7 8 ET 2 ET 6 ET 4 ET 6 ET 12

GSS M 11 1.00 1.00 65 8 9 ET 4 ET 12 ET 6 ET 12 ET 2

JRB M 45 1.00 1.00 70 8 9 ET 8 ET 16 ET 32 ET 16 XT 4

RNSC M 5 0.80 0.90 50 6 9 0 ET 12 ET 14 ET 12 ET 6

RGXS M 8 0.20 1.00 70 7 10 - - - ET 15 ET 20

TBG1 F 6 0.05 0.80 50 7 8 0 ET 6 ET 6 ET 6 XT 10

ADP M 47 1.00 1.00 70 8 10 XT 5 ET 15 ET 25 ET 15 ET 20

FBL M 8 1.00 1.00 50 7 8 0 ET 8 ET 8 ET 8 ET 8

JJA F 45 0.40 1.00 100 10 10 ET 0 ET 27 ET 40 ET 27 ET 5

SDS* M 40 0.80 H.M. 55 7 9 XT 10 XT 5 0 XT 5 ET 8

JS F 12 1.00 1.00 62 8 10 XT 8 XT 4 XT 5 XT 4 ET 8

OPS M 39 0.80 1.00 75 9 10 XT 5 ET 6 ET 12 ET 6 ET 6

PHFB* M 8 0.05 1.00 70 9 10 XT 30 0 ET 14 XT 5 XT 15

VNJ M 10 0.80 0.80 57 8 8 - - - ET 5 ET 10

JPC M 37 0.80 0.80 58 8 8 0 ET 5 ET 5 ET 5 ET 6

BAM* F 13 1.00 0.05 80 10 10 XT 18 ET 8 ET 12 ET 8 ET 5

TOL F 9 1.00 0.80 64 9 9 XT 14 XT 6 XT 2 XT 6 XT 4

LMRS F 43 1.00 0.80 70 9 10 ET 4 ET 10 ET 20 ET 10 ET 8

MLS F 12 1.00 1.00 90 10 10 ET 12 ET 32 ET 30 ET 32 ET 35

WAS M 24 1.00 1.00 50 8 6 XT 10 ET 8 ET 10 ET 8 ET 2

JCAP M 8 1.00 1.00 60 8 9 XT 8 ET 4 0 ET 4 XT 4

OD= oculus dexter (right eye); OS= oculus sinister (left eye); F= female; M= male; H.M.= hand movements.
*= angles were measured using the Krimsky method (other patients were measured using the alternate prism cover test).
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these positions (dextro and levoversion), subsequently 
showing maintenance of motility in the operated eyes 
10 years post-surgery.

Evaluation criteria were similar to those used in the 
original study: the outcome was considered good when 
the angle of deviation in PP was up to 15∆, fair when 
the angle was between 16∆ and 20∆, and poor when the 
angle was above 20∆.

RESULTS
Measurements of the angle of deviation in  
PP 6 months post-surgery with the patient  
fixating using the unoperated eye

Surgical outcomes of the 36 patients included in 
this study are presented in table 1. The mean [standard 
deviation (SD)] of the angles of deviation 6 months post- 
surgery was 9.89∆ (6.30). As shown in figure 1, 32 patients 

(88.88%) experienced good outcomes, 2 (5.55%) expe-
rienced fair outcomes, and 2 (5.55%) experienced poor 
outcomes. Table 1 also shows the measurements of angles 
of deviation in lateroversion 6 months post- surgery, pre-
senting them according to abduction and adduction of 
the operated eye. These results demonstrated preserva-
tion of motility with good amplitude in most of the ope-
rated eyes, suggesting no significant limitation in ocular 
rotation (see Figures 2, 3, and 4 for case examples).

Measurements of the angle of deviation in PP 10 
years post-surgery with the patient fixating  
using the unoperated eye

Surgical outcomes of the 36 patients included in the 
10-year post-operative follow-up are presented in table 1.  
The mean (SD) of the angles of deviation 10 years 
post-surgery was 10.00∆ (7.61). As shown in figure 1, 
30 patients (83.33%) experienced good outcomes, 4 
(11.11%) experienced fair outcomes, and two (5.55%) 
experienced poor outcomes (see Figures 2, 3, and 4 for 
case examples).

Comparison of outcomes 6 months and 10 years 
post-surgery measured in PP

Table 1 compares the outcomes 6 months and 10 
years post-surgery.

A bar graph was also used to describe both groups 
as shown in Figure 1. Using Student’s paired t-test at a 
significance level of 0.05 to compare the angles of de-
viation 6 months and 10 years post-surgery (Table 1), we 
observed no statistically significant differences between 

Figure 1. Comparison between the angles of deviation in PP measured 6 
months and 10 years post-surgery.

Figure 2. Patient identified as BAM in table 1. Pre-surgical angle of deviation= 80∆. Surgery: 10 mm recession of the medial rectus and 10 mm resection 
of the lateral rectus. (A) Before surgery in PP; (B, C, D) 1 year after surgery in PP, dextroversion, and levoversion; and (E, f, G) 10 years after surgery in 
PP, dextroversion, and levoversion.

A

E F G

B C D
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both studied groups [mean 6 m (SD)=9.89∆ (6.30); mean 
10y (SD) 10.00∆ (7.61); p=0.922]. This result reflects the 
stability of surgical outcomes over time (10 years).

To supplement our study, we also determined whether 
significant qualitative differences existed in the propor-
tion of patients classified as experiencing good, fair, or 
poor surgical outcomes using McNemar’s test (Figure 1). 
Accordingly, no statistically significant differences were 
observed among the groups (p=0.283).

We also measured the amount of correction 6 months 
and 10 years after surgery. The pre-surgical mean (SD) 
angle of deviation was 66.41∆ (12.59), while the mean 
(SD) amount of correction 6 months and 10 years after 

surgery was 57.63∆ (11.62) and 58.47∆ (14.51), respecti-
vely. No statistically significant differences were obser-
ved between the mean amount of correction 6 months 
and 10 years post-surgery (p=0.551).

Comparison of the angles of deviation in PP 
between children and adults 10 years post-surgery

For this analysis, children were defined as patients 
up to 16 years of age at the time of surgery, while adults 
were defined as those older than 16 years. Thereafter, 
developments within both groups 10 years post-surgery 
were compared. Of the 36 patients, 18 (50%) were chil-
dren and 18 (50%) were adults.

A B

E F G

C D

Figure 3. Patient identified as JJA in table 1. Pre-surgical angle of deviation= 100∆. Surgery: 10 mm recession of the medial rectus and 10 mm resection 
of the lateral rectus. (A) Before surgery in PP; (B, C, D) 3 years after surgery in PP, dextroversion, and levoversion; and (E, f, G) 10 years after surgery 
at PP, dextroversion, and levoversion.

Figure 4. Patient identified as LMRS in table 1. Pre-surgical angle of deviation= 70∆. Surgery: 9 mm recession of the medial rectus and 10 mm resection 
of the lateral rectus. (A) Before surgery in PP; (B, C,D) 1 year after surgery in PP, dextroversion, and levoversion; and (E, f, G) 10 years after surgery in 
PP, dextroversion, and levoversion.

A B

E F G

C D
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First, only children were analyzed. The mean (SD) 
angle of deviation at the 6th postoperative month [9.83∆ 
(7.16)] was compared to that 10 years post-surgery 
[11.39∆ (9.41)] using Student’s paired t-test (p=0.05). 
Despite the relatively small sample size (18 patients), 
statistically significant differences were not found bet-
ween both groups (p=0.283). In other words, surgical 
outcomes among children remained stable over the 10-year 
postoperative period.

To compare outcomes between children and adults, 
we considered the mean absolute differences in the an-
gles of deviation 6 months and 10 years post-surgery. The 
mean values for adults and children were found to be 6.0∆ 
and 6.56∆, respectively. Using Student’s unpaired t-test 
(p=0.05) for this analysis, we found no statistically signi-
ficant differences between both groups (p=0.763), which 
suggests that monocular surgery to correct large-angle 
esotropia can be used safely in both children and adults.

Measurements of the angles of deviation in  
PP among patients with consecutive  
exotropia 10 years post-surgery

An analysis of Table 1 shows that during the 10-year 
postoperative follow-up, only 5 of the 36 patients 
presented consecutive exotropia with the following 
outcomes: JRB, XT4∆; TBG, XT10∆; PHFB, XT15∆; TOL, 
XT4∆; and JCAP, XT4∆. These were all clear cases of 
slight exotropia and were considered good outcomes 
in the evaluation criteria used in this study. No cases of 
large exotropia were found as was expected based on 
the literature and considering the large medial rectus 
recessions used in majority of the patients.

We also note the importance of mentioning the four 
patients who did not receive follow-up care 6 months 
post-surgery (for this reason, they were not included 
during analysis) but were found and included in this 
study. The aforementioned patients presented with the 
following angles of deviation in PP: AMS, ET4∆; RPS, 
ET20∆; OJS, ET8∆; and PHCM, ET18∆. As shown in the 
data, no cases of consecutive exotropia were observed 
among these four patients. Therefore, out of the 40 
patients actually included in this study, only five were 
found to have developed consecutive exotropia, all of 
which included small angles of deviation in PP.

DISCUSSION
Until now, two main orthodox conceptions have 

discouraged the performance of studies evaluating mo-

nocular surgery with large medial rectus recession (up to  
10 mm). The first conception suggested that the operated 
eye would experience substantial postoperative lateral 
motility limitations and would essentially be “frozen” in 
PP(11,12,23). Subsequently, the second conception sugges-
ted that the operated eye would begin to move outward 
in the long term due to large medial rectus recessions, 
likely leading to consecutive exotropia, particularly in 
children(5,10). The first conception was dispelled by the 
authors of the original study through measurements of 
lateral angles of deviation, as well as postoperative pho-
tographs and videos, which demonstrated good motility 
in the operated eye(18). In the present 10-year follow-up 
of the study, new lateral photographs of all patients 
had been taken, showing preservation of motility in the 
operated eyes. The second conception was the motiva-
tion for this 10-year follow-up with the following three 
findings demonstrating the weakness of this theoretical 
conception.

1) Angles of deviation in PP: Table 1 shows the 
angles of deviation of the 36 patients included in the 
present study, which were measured 6 months and 10 
years post-surgery. Accordingly, statistical comparisons 
demonstrated no significant differences between both 
groups, thus reflecting the stability of these deviations 
over time. In other words, our results suggest that mo-
nocular surgery to correct large-angle esotropia is viable 
over short and long terms.

2) Analysis of surgical outcomes in children: Sta-
tistical analysis was used to compare outcomes among 
children 6 months and 10 years post-surgery. We also 
compared outcomes between the children and adults 10 
years post-surgery. Once again, our analysis revealed no 
statistically significant differences in outcomes between 
children and adults. In other words, our results suggest 
that monocular surgery to correct large-angle esotropia 
displayed long-term safety in both children and adults.

3) Consecutive exotropia: The main criticism of 
the study reviewed herein was that because of the large 
medial rectus recession, the tendency would be for pa-
tients to develop consecutive exotropia over time, which 
would likely be large(5,10). However, the current 10-year 
postoperative follow-up suggested otherwise. Of the 40 
patients studied (four of whom were unable comply with 
6-month postoperative follow-up), only five developed 
exotropia. One patient presented with an exotropia of 
15∆, another presented with an exotropia of 10∆, and 
three patients presented with an exotropia of 4∆. In other 
words, expected cases of large exotropia based on the 
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theoretical interpretation of this new surgical techni-
que had not been observed. It is also worth noting that 
among the five patients who developed exotropia 10 
years after surgery, two already had exotropia 6 months 
post-surgery (patients TOL and PHFB). In other words, 
only three patients had developed esotropia 6 months 
post-surgery, subsequently becoming exotropic 10 years 
post-surgery. It should also be emphasized that two pa-
tients had developed exotropia 6 months post-surgery, 
subsequently becoming esotropic 10 years post-surgery 
(patients JS and SDS) - a completely unexpected outco-
me based on theory. What actually occurred, as sugges-
ted by our results, was that a large majority of patients 
included in the follow-up had developed esotropia 6 
months post-surgery and remained esotropic 10 years 
post-surgery.

CONCLUSION

The results obtained in this follow-up study satisfied 
all three objectives established. The angles of deviation 
in PP did not significantly differ 6 months and 10 years 
post-surgery; no significant differences in outcomes 
between children and adults had been found; and cases 
of large consecutive exotropia, which were theoreti-
cally expected as a consequence of large medial rectus 
recessions, had not been found 10 years post-surgery. 
These results therefore suggest that monocular surgery 
to correct large-angle esotropia using large medial rectus 
recessions and broad lateral rectus resections is safe and 
reliable over short and long terms.
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