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Purpose: This study aimed to compare the surgical outcome of inferior oblique myectomy, IOM versus inferior oblique recession– 
anteriorization, IORA in the treatment of inferior oblique overaction, IOOA.
Patients and Methods: A retrospective chart review was performed over a 12-year period, from 2009 to 2021. Eighty-nine patients 
diagnosed with IOOA who underwent IOM or IORA were included. The primary outcome was postoperative residual IOOA (grade 0 
to +4) and percentage favorable outcome, defined as IOOA grade ≤1+ at 6 months post operation, in each group. The outcomes were 
compared between the two surgical procedures (IOM and IORA). The secondary outcome was the percentage of postoperative anti- 
elevation syndrome cases for each surgical procedure.
Results: The median age at the time of surgery was 10.50 years (interquartile range, IQR: 2.83 to 28.33) in the IOM group and 5.08 
years (IQR: 2.75 to 29.42) in the IORA group. The favorable outcome at 6 months was 90.91% in the IOM group, which was lower 
than the 95.74% in the IORA group but the difference was not statistically significant (P-value = 0.390, 95% CI: 0.07–2.82). The only 
surgical complication, anti-elevation syndrome, was detected in 3.77% of IOM cases and 5.80% of IORA cases, with an odds ratio of 
0.64 on comparing the IOM group to the IORA group (P-value = 0.611, 95% CI: 0.11–3.62).
Conclusion: These two weakening procedures are effective for treating IOOA. Although IORA seemed slightly superior to IOM in 
terms of favorable outcomes, the difference was not statistically significant. Moreover, the myectomy procedure was easier, was less 
time-consuming, had a lower risk of globe perforation and presented fewer complications such as anti-elevation syndrome.
Keywords: inferior oblique overaction, IOOA, inferior oblique myectomy, IOM, inferior oblique recession and anteriorization, IORA

Introduction
Inferior oblique overaction, IOOA is a cause of overelevation in adduction1 which is usually associated with horizontal deviation, 
as observed in 70% of patients with esotropia, ET and 30% of patients with exotropia, XT.2 Overaction can be categorized by 
etiology into primary and secondary IOOA. Primary IOOA has no identifiable cause and is commonly found in patients with 
infantile ET, which is associated with disruption of binocular vision development. Primary IOOA is usually bilateral and 
manifests as a slight vertical deviation in the primary position, minimal anomalous head posture, AHP and a negative head tilt 
test. In contrast, secondary IOOA is directly associated with pathology of the ipsilateral 4th cranial nerve or pathology of the 
superior oblique, SO muscle or tendon itself. Secondary IOOA can be either unilateral or bilateral.3,4 The presentation is similar 
to that of primary IOOA, with more vertical deviation in the primary position, marked head tilt, and positive Bielschowsky test in 
unilateral cases.

There are four main surgical weakening procedures of the inferior oblique, IO muscle including IO disinsertion, IOM, 
IORA and IO denervation and extirpation.5,6 However, because of the high rate of complications and ineffectiveness of 
surgical results, IO disinsertion,7 IO denervation, and extirpation6,8 are less likely to be the procedures of choice. 
Therefore, we compared the two remaining procedures: IOM and IORA.
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Inconsistencies have been observed in previous studies. Some studies have found that IOM and IORA were comparable. 
In 2020, Elhusseiny et al found that surgical success was achieved in 80% of patients in the recession group and 75% in the 
myectomy group (P-value = 0.52).9 Insignificant differences were also observed in other studies.10–12 In contrast, some 
studies have found a statistically significant difference between the two procedures. In 1999, Min et al found that anterior 
transposition appeared to be more effective in treating IOOA with a success rate of 85%, which is higher than the 25% 
success rate for myectomy.13 However, in 2020, Farid et al found that IOM had a lower success rate than IORA,14 and in 
2019, Nabie et al showed a statistically significant difference between the success rates of IORA and IOM, which were 75% 
and 96.4%, respectively (P-value = 0.029).15

Comparing IOM with IORA, IOM generally takes fewer operative steps and has lower risk of globe perforation than 
IORA. In addition, IORA is associated with a risk of postoperative anti-elevation syndrome.16

Based on this controversy, we aimed to determine the success rates of these two procedures in our institute. Moreover, 
we also studied data regarding complications, especially for anti-elevation syndrome.

Materials and Methods
This study was a retrospective chart review of patients who underwent an IO weakening procedure consisting of either an 
IOM or an IORA in the department of ophthalmology at Ramathibodi Hospital over a 12-year period (January 2009 to 
December 2021). Demographic data, including age at surgery, gender, primary or secondary IOOA, laterality, presence of 
V-pattern, presence of AHP, preoperative and postoperative logarithm of the minimal angle of resolution best-corrected 
visual acuity, logMAR BCVA, preoperative and postoperative vertical deviation angles, and IOOA grade (grade 0 to +4) 
were collected. Best-corrected visual acuity, BCVA was converted to the logMAR for statistical analysis. The grades of 
IOOA are as follows: (0) no IOOA, (+1) minimal upshoot of the adducting eye when taken straight across, (+2) upshoot 
of the adducting eye is obvious when the abducting eye looks straight across the lateral canthus, (+3) severe upshoot of 
the adducting eye is seen even with the abducting eye in straight abduction, and (+4) very severe upshoot of the 
adducting eye is seen as the fixing eye moves straight across into abduction.17 Surgeon preference is key to choosing the 
procedure (IOM vs IORA). Both unilateral and bilateral cases were included in this study. In cases of bilateral IOOA, the 
procedure was performed similarly in both eyes. In IORA, the IO was disinserted and anchored to the sclera along the 
lateral border of the inferior rectus muscle. For IOM, the IO muscle was identified, disinserted and resected at 5 mm. All 
procedures were performed by two pediatric ophthalmologists (WW and AL) at Ramathibodi Hospital. The primary 
outcome was the percentage favorable outcome, defined as IOOA grade ≤1+ at 6 months post operation in each group. 
This was compared for the two surgical procedures (IOM and IORA). The secondary outcome was the percentage of 
postoperative anti-elevation syndrome cases for each surgical procedure. Data were analyzed using the Mann–Whitney- 
Wilcoxon test, t-test, chi-square/Fisher’s exact test, multilevel mixed-effect linear regression, and multilevel mixed-effect 
logistic regression with 95% confidence intervals.

Results
Eighty-nine patients (123 eyes) were enrolled in this study, comprising 55 unilateral cases and 34 bilateral cases. Forty- 
eight percent of the patients were male. The median age at the time of surgery was 10.50 years (IQR: 2.83 to 28.33) in 
the IOM group and 5.08 years (IQR: 2.75 to 29.42) in the IORA group (P-value = 0.0591). Of all patients, 41 were 
classified as having primary IOOA and 48 as having secondary IOOA. Twenty patients (48.78%) in the primary IOOA 
group underwent IOM, and 21 patients (51.22%) underwent IORA. In the secondary IOOA group, 18 patients (37.50%) 
were managed with IOM and 30 patients (62.50%) were managed using IORA. This difference was not statistically 
significant (P-value = 0.284). As mentioned previously, primary IOOA is usually associated with infantile ET, which was 
found to be 60.98% in this study. All secondary IOOA cases in this study were caused by SO palsy. The majority of 
patients, 47 out of 48 (97.92%), were diagnosed with congenital SO palsy, while one patient (2.08%) had an acquired 
disease. The baseline demographic and clinical characteristics of the patients are presented in Table 1. Baseline 
preoperative vertical deviation, logMAR BCVA, IOOA grading, V-pattern, laterality, and AHP were not statistically 
different between the two groups.
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Surgical outcomes, in terms of favorable and unfavorable outcomes of both surgical procedures during the follow-up 
period, are presented in Table 2. Favorable outcomes between the two surgical procedures at each visit were not statistically 
significant. At 6 months of follow-up, the favorable outcome was 90.91% in the IOM group and 95.74% in the IORA group 
with an odds ratio of 0.44 (P-value = 0.390; 95% CI: 0.07–2.82). Table 3 shows that the postoperative grading of IOOA was 
not statistically different between the two procedures and the majority of IOOA grades were grade 0 in both groups. Ten 

Table 1 Baseline Demographic and Clinical Characteristics of the Patients

Parameters IOM IORA p-value

Number of patients 38 patients 51 patients
Age at the time of surgery, median (IOR) 10.50 (2.83, 28.33) 5.08 (2.75, 29.42) 0.0591

Sex, n (%)

- Male (43) 16 (42.11) 27 (51.94) 0.312
- Female (46) 22 (57.89) 24 (47.06)

Primary or secondary IOOA, n (%)

- Primary IOOA (41) 20 (52.63) 21 (41.18) 0.284
- Secondary IOOA (48) 18 (47.37) 30 (38.82)

Pre-op vertical deviation, median (IQR) 12 (6.00, 16.00) 10 (0.00, 18.00) 0.888
Pre-op LogMAR BCVA, median (IQR) 0.18 (0.00, 0.18) 0.18 (0.00, 0.18) 0.532

IOOA grading, n (%)

- 1+ 3 (5.77) 8 (11.27) 0.120
- 2+ 28 (53.85) 23 (32.39)

- 3+ 18 (34.61) 34 (47.89)

- 4+ 3 (5.77) 6 (8.45)
V- pattern, n (%)

- Yes 4 (10.53) 6 (11.76) 1.000

- No 34 (89.47) 45 (88.24)
AHP, n (%)

- Yes 11 (28.95) 17 (33.33) 0.659

- No 27 (71.05) 34 (66.67)
Laterality, n (%)

- Unilateral (55) 24 (63.16) 31 (69.78) 0.820

- Bilateral (34) 14 (36.84) 20 (39.22)

Abbreviations: IOM, inferior oblique myectomy; IORA, inferior oblique recession and anteriorization; IOOA, 
inferior oblique overaction; BCVA, best-corrected visual acuity; LogMAR, logarithm of the minimum angle of 
resolution; AHP, anomalous head posture.

Table 2 Comparable of Post-Operative Outcome of IOOA Between IOM and 
IORA at Each Follow-Up Visit

Follow-Up 

Procedures

1 Month

Favorable Unfavorable OR (95% CI) p-value

IOM, n (%) 48 (97.96) 1 (2.04) 2.44 (0.25–24.22) 0.446

IORA, n (%) 59 (95.16) 3 (4.84) 1

Follow-Up 

Procedures

3 months

Favorable Unfavorable OR (95% CI) p-value

IOM, n (%) 35 (87.50) 5 (12.50) 0.36 (0.07–1.97) 0.238

IORA, n (%) 39 (95.12) 2 (4.88) 1

(Continued)
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patients had a V pattern at baseline. Of these, four were in the IOM group and six were in the IORA group. All were 
completely resolved after performing either IOM or IORA at the first visit and 1 month after surgery, and remained stable 
throughout the follow-up period. The only surgical complication found in this study was anti-elevation syndrome, present in 
3.77% of the IOM group and 5.80% of the IORA group with an odds ratio of 0.64 when comparing the IOM group to the 
IORA group (P-value = 0.611, 95% CI: 0.11–3.62).

Discussion
Various IO weakening procedures have been used for treatment of IOOA in both primary and secondary IOOA. These include 
IOM, IORA, IO disinsertion, and IO denervation and extirpation.5,6 However, because of the simplicity and less time- 
consuming nature of IOM and the lower recurrence of IOOA in IORA, these two surgical methods have become more popular 
for treating IOOA than the other methods. Most surgeons prefer one procedure to another, based on their experience. Although 
many studies have been conducted to compare IOM and IORA, it is still inconclusive which procedure is better.2,15,18 Some 
studies have suggested IOM over IORA for the treatment of bilateral symmetrical SO palsy with bilateral IOOA because it is 
simpler and more effective.19,20 Other studies found IORA to be superior in the correction of IOOA and hypertropia in the 
primary position and other gaze positions.14 The limitation of comparing result outcomes in large populations and the long 
follow-up period in Asian populations from previous studies instigated our comparison of the outcomes between these two 
surgical procedures in our institute.

This study compared the surgical outcomes of two different weakening procedures, IOM and IORA, in treating patients 
with primary and secondary IOOA. The primary outcome was the percentage favorable outcome at each follow-up visit, and 
the secondary outcome was postoperative complications. Our study demonstrates that both IORA and IOM are effective 
treatments for IOOA. Both procedures decreased the postoperative IOOA up to 6 months of follow-up. The data presented in 
Table 2 show that both weakening procedures had impressive results, with nearly 90% of the patients in each group having 
favorable outcomes at every visit. At 6 months post operation, the recurrence of IOOA in terms of unfavorable outcomes was 
higher in the IOM group than in the IORA group, but was statistically insignificant (P-value = 0.390). This observation might 
be explained by the unexpected spontaneous reattachment of the IO muscle in the IOM group, which was cut only 5 mm from 
its insertion, regardless of IOOA grading (grade +1 to +4). In contrast to the IORA group, the IO muscle was recessed and 
anteriorized according to the severity of IOOA grading. Intraoperative findings during reoperation in patients who had 

Table 3 Comparison of Post-Operative IOOA Grading Between IOM and IORA at 1 Month, 3 Months, and 6 Months Follow-Up

Follow Up 

IOOA Grading,  
n (%)

1 Month 3 Months 6 Months

IOM IORA p-value IOM IORA p-value IOM IORA p-value

0 43 (87.76) 57 (91.94) 0.097 34 (85.00) 38 (92.68) 0.550 28 (84.85) 38 (80.85) 0.398

1+ 5 (10.20) 2 (3.22) 1 (2.50) 1 (2.44) 2 (6.06) 7 (14.90)

2+ 0 (0.00) 3 (4.84) 3 (7.50) 2 (4.88) 2 (6.06) 2 (4.25)
3+ 1 (2.04) 0 (0.00) 2 (5.00) 0 (0.00) 1 (3.03) 0 (0.00)

4+ 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Table 2 (Continued). 

Follow-Up 

Procedures

6 months

Favorable Unfavorable OR (95% CI) p-value

IOM, n (%) 30 (90.91) 3 (9.09) 0.44 (0.07–2.82) 0.390

IORA, n (%) 45 (95.74) 2 (4.26) 1
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previously undergone myectomy showed that the cut IO muscle was reattached to the globe. This corresponds to the findings 
of Min et al and Park.8,13

One complication reported in a previous study by Park7 was IO muscle weakness after the weakening procedure, which was 
higher in the myectomy group (8%) than in the recession group (4%). Another important complication is adhesion syndrome, 
which manifests as hypotropia in the primary position, restricted elevation, and a positive traction test in up to 6% of cases of 
myectomy weakening procedure. However, the only surgical complication found in our study was anti-elevation syndrome 
which was detected in the IORA group (5.80%), consistent with the previous studies by Kushner,21 Mims,22 Stein,23 and Cho24 

that reported anti-elevation syndrome after performing IORA.
This study included both primary IOOA associated with ET and XT and secondary IOOA found in SO palsy from 2009 to 

2021 (12-year period) to compare the percentage favorable outcome of surgery between IOM and IORA procedures in an Asian 
population. However, these two IO weakening procedures were performed by two pediatric ophthalmologists (WW and AL), and 
even after more than a decade of data collection only 89 patients were included in our study, which was a limitation in the study. 
A larger sample size and a longer follow-up period will reflect a more reliable outcome.

Based on our experience, performing myectomy is easier than recession and anteriorization, is less time-consuming, 
has less risk of globe perforation, and presented less postoperative anti-elevation syndrome, which is commonly found in 
recession and anteriorization procedures. Anti-elevation syndrome is commonly found during recession and anterioriza-
tion because the procedure involves reinsertion of theIO muscle along the temporal aspect of the inferior rectus muscle 
insertion. This increases the force of infraduction and inhibits the globe from reaching the supraducts.

Conclusions
These two weakening procedures are effective for treating IOOA. Although IORA seemed insignificantly different 
from IOM, in terms of favorable outcomes of IOOA grading up to 6 months of follow-up, the myectomy 
procedure was easier, less time-consuming, had less risk of globe perforation, and presented less postoperative 
anti-elevation syndrome.

This study had some limitations. First, there were biases owing to the retrospective nature of the study. Second, the operation 
was performed by two pediatric ophthalmologists (WW and AL), which may have affected the results of the operation, including 
the angle of deviation measurement and IOOA grading. Third, although the data were collected over a 12-year period, only 
89 patients were included in the study. The small sample size, short follow-up period, and significant loss to follow-up may have 
affected the outcomes.

Abbreviations
AHP, Anomalous Head Posture; BCVA, Best Corrected Visual Acuity; ET, Esotropia; IO, Inferior Oblique; IOM, Inferior 
Oblique Myectomy; IOOA, Inferior Oblique Overaction; IORA, Inferior Oblique Recession and Anteriorization; 
LogMAR, Logarithm of the Minimum Angle of Resolution; XT, Exotropia; SO, Superior Oblique.
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