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ABSTRACT 

The Purpose of study was to report mid-term success of surgery on virgin extraocular muscles (EOMs) or manipulated EOMs (which 

have been operated in previous surgery) in the management of residual and consecutive esotropia (ET) and exotropia (XT). Of those 

who had a history of Bilateral medial rectus muscles (BMR) recession or resection, Bilateral lateral rectus muscles (BLR) recession or 

resection or “Recession and resection” of horizontal rectus muscles (R&R), more than 6 months ago, and had more than 15 prism 

diopters (PD) of residual or consecutive deviation, 24 patients who meet inclusion criteria not exclusion ones randomized in 

“Manipulated “or“ Virgin” group. Baseline examination including Visual acuity (VA) using Logarithm of minimum angle of resolution 

(log MAR) and Best corrected visual acuity (BCVA) (log MAR), Refraction (RFN) and baseline Cyclo-refraction (cyclo-RFN) deviation 

(Cover-Uncover with Krimsky and Hirschberg test using a prism bar) done for all participants. A total of 24 patients distributed in 2 

groups. Mean Age was 28.83±12.47 years (6-51yrs) and 18.25±8.19 years (6-30yrs) in virgin and manipulated study groups 

respectively. Mean Pre-op Deviation was 15-45 PD in Virgin group and 15-40PD in manipulated group. Mean post operation (Post 

Op) deviation after 6-month was 0.9±3.01 PD and 2.08±4.98 PD in virgin and manipulated group respectively. Results of the study in 

post op parameters such as variations in deviation of eyes, BCVA and RFN exhibited generally no significant variance between our 

study groups. In conclusion, because of insignificant difference between 2 groups, we suggest surgery on manipulated muscles due 

to less risk of anterior segment ischemia and less conjunctival manipulation that, potentially leads to less dry eye complications. 

 

Keywords: Virgin Extra Ocular Muscles, Manipulated Extra Ocular Muscles, Consecutive Esotropia, Consecutive Exotropia, Residual 

Esotropia, Residual Exotropia 

 

 

1. INTRODUCTION 

XT with the history of ET define as consecutive XT (Gesite-de Leon and Demer, 2014). There are several causes for strabismus post 

op surgery eye deviation including sensory deprivation or surgical overcorrection, slipped muscle, stretched scar and lost muscle. 

Also, it usually takes months to years for Consecutive exotropia to manifests after medial rectus (MR) muscle recession, although, it 

can occur shortly after surgery (Ludwig and chow, 2000). Different options are available for correction including surgical techniques 

and optical correction. BLR recession, R&R surgery on the affected eye or on the eye with lower vision are among the choices of 

surgery. Suitable ocular alignment immediately after surgery for consecutive exotropia is a small-angle esotropia of 5 to 10 PD 

(Donaldson, 2004). Residual ET is a result of surgical under correction of ET. ET with a history of previous XT define as consecutive ET, 

however less than 8 PD is a favorable surgical result but more than that needs correction. Treatment includes Base out prism 

(Antony, 2017), Hyperopia correction, Botulinum toxin (Couser & Lambert, 2012), patch therapy (Kim et al., 2018) and surgery (MR 

recession or LR resection). Cycloplegic RFN should be performed to rule out latent hyperopia (refractive component). Residual XT is 

a result of under corrected XT (Tibrewal et al., 2017). Accordingly, we conducted this study to evaluate which method of surgery 

have a better surgical outcome, less chance of anterior segment ischemia and less dry eye complication. 

 

2. METHODS AND MATERIALS 

This study was approved by ethics committee of the deputy of research and affairs of Ahvaz Jundi Shapur University of Medical 

Science (IORC-9604) and registered on Iranian Registry of Clinical Trials IRCT2017082135295N1. Study was conducted from June 

2017 until April 2018. Informed consent according to requirements of our national registry of clinical trials was obtained. All 

surgeries performed by the same expert strabismus surgeon. This report complies with all local laws and the principles of the 

Declaration of Helsinki. We included patients with a history of BMR recession or resection, BLR recession or resection or a history of 

R&R surgery more than 6 months ago. Inclusion criteria were, past surgical note, confirming the history of previous surgery and 

those who had more than 15 PD deviations (Cover-Uncover with Krimsky and Hirschberg test). Exclusion criteria was either of these 

conditions: Duane’s and Brown’s syndrome, EOMs fibrosis, Traumatic deviation, inability to follow up (f/u) in 3 and 6 months. 

Accordingly, 24 patients who meet our inclusion criteria distributed in 2 groups of 12 patients (the first patients encounter the 

inclusion criteria and not exclusion criteria categorized in virgin group, the second patient belongs to manipulated group and etc.). 

“Manipulated “group have surgery on EOMs used in previous surgery. “Virgin “group have a surgery on new EOMs. Baseline 

examination included VA (log MAR) and BCVA (log MAR) using E chart, RFN and baseline Cyclo-RFN (tomey-RC800), deviation 

evaluation (cover-uncover with Krimsky and Hirschberg test using a prism bar). Early post Op amblyope therapy and refractive error 
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correction done if needed. Follow up done in 3 and 6 months post operatively and above-mentioned parameters reevaluated 

respectively.  

 

Surgical technique 

Under G/A, Prepping and draping (P&D) of the skin with Povidone iodine 10% done, blepharostat inserted, Povidone iodine 5% for 

ocular irrigation used, traction of cornea with a 6/0 silk suture (SUPA Co, Iran) which secured with clamps. Fornix based limbal 

incision with Westcott scissors, then 2 relaxing incisions toward fornix made. Muscle grasped with Steven's hook (hook first pushed 

perpendicular to sclera toward fornix then rotated under muscle, large hook of Jameson passed under EOM in the other side of 

muscle then Steven's hook removed. If needed, Intermuscular septum between LR and IO cut. Check ligaments cut, using Westcott's 

scissors (Figure 1 & 2). 

 

 

Figure 1 Surgery in non manipulated eye (Virgin study group) 

 

 

Figure 2 Surgery in manipulated eye (Manipulated study group) 
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Silk 6/0 suture used as a guard suture in muscle belly. Vicryl 6/0(SUPA Co, Iran) used for interlocking suture of EOM. Then all 

scleral attachments cut. Using surgical scheduled amount of EOM displacement on sclera, EOM sutured on sclera. Conjunctiva 

sutured with 6/0 absorbable Vicryl suture and tetracycline eye ointment (Sina Daru Co, Tehran, Iran) applied (Wright, 2015), (Ansons 

& Davis, 2013). 

 

Statistics & Analysis 

Quantities data described with mean, SD, Qualitative data described with Frequency distribution and percentage. Uni-variant 

analysis: Chi-squared, exact fisher test, normal distribution of data checked by Q-Q plot and kolmogrov-smirnov test, T-test if 

normal distribution present and Mann-Whitney test (if not normally distributed used) done. Multi variant analysis was done with 

mixed-model analysis. 

 

3. RESULTS 

A total of 24 patients distributed in the 2 groups. Mean Age was 28.83±12.47 years (6-51yrs) in Virgin group and 18.25±8.19 years 

(6-30yrs) in Manipulated group. Information regarding previous surgeries of participants in study groups listed in Table 1.  

 

Table 1 previous surgery in study groups 

 Manipulated 

Group 
Virgin Group  

P value 
Fisher-exact 

test 

6(50%) 9(75%) BMR 
Previous 

surgery 0.334 
3(25%) 3(25%) BLR 

3(25%) 0 R&R 

 

Among the patients of two study groups, 3 patients in virgin group and 2 patients in manipulated group had V pattern esotropia 

and exotropia. Patients with amblyopia were 3(25%) in virgin group and 5 (41%) in manipulated group. However, it was not 

statistically significant (pvalue=1). Pre-Op deviation was 15-45 PD in Virgin group and 15-40 PD in manipulated group. Comparison 

of pre-op, 3 and 6 months post op changes in study groups demonstrated in Table 2. 

 

Table 2 Comparison of pre-op, 3 and 6 months post op changes in study groups 

P value 
t-test 

Manipulated 

Group 
Virgin Group  

0.443 28.33±8.07 25.42±10.10 Pre Op deviation (Diopter) Mean± SD 

0.420  2.72±4.67 5.41±6.20 Post Op deviation (3 Months) 

0.401  0.9±3.01 2.08±4.98 Post Op deviation (6 Months) 

 

Hypertropia was present in none of the patients. Pre-Op RFN OD (Right eye) was 2.17±3.56 Diopter (D) (Mean±SD) and 2.4±3.37 

(D) in Virgin group and Manipulated group respectively. Comparison of pre-op, 3 and 6 months post op changes regarding RFN OD 

has been shown in Table 3. 

 

Table 3 Comparison of pre op and post op BCVA OD in study groups 

P-value 
Post op BCVA OD 

(6  months) 

Post op BCVA OD 

(3 months) 

Pre op BCVA OD 

Mean± SD 
 

0.093 0.07(±0.12) 0.06(±0.12) 0.08(±0.12) Virgin 

0.021 0.16(±0.30) 0.16(±0.31) 0.2(±0.31) Manipulated 

 0.63 0.63 0.63 P-value 

 

Pre-op RFN OS (Left eye) was 2.34±3.56D and 2.15±3.34D in virgin and manipulated study group respectively. Comparison of 

pre-op, 3 and 6 months post op changes regarding RFN OS has been shown in Table 4. 
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Table 4 Comparison of pre op and post op RFN OD in study groups 

P value 
Post op RFN OD 

(6 months) 

Post op RFN OD 

(3 months) 

Preop RFN OD 

(Mean± SD) 

Study 

Groups 

0.034 1.85±3.48 1.85±3.36 2.17±3.56 Virgin 

0.422 2.08±3.25 2.25±3.54 2.40±3.37 Manipulated 

 0.490 0.628 0.678 P Value 

 

Pre-op BCVA OD was 0.08(±0.12) and 0.2(±0.31) log MAR in virgin and manipulated group. Table 5 shows the possible changes 

of the same, 3 and 6 months post operatively.  

 

Table 5 Comparison of pre op and post op BCVA OS in study groups 

P-value 
Post op BCVA OS 

(6 months) 

Post op BCVA 

OS 

(3 months) 

Pre op BCVA OS 

(Mean± SD) 
 

0.033 0.05(±0.12) 0.08(±0.12) 0.08(±0.12) Virgin 

0.041 0.07(±0.12) 0.11(±0.14) 0.13(±0.17) Manipulated 

 0.755 0.755 0.63 P-value 

 

Regarding pre op BCVA OS, it was 0.08 (±0.12) log MAR and 0.13 (±0.17) log MAR in virgin and manipulated study group which is 

compared 3 and 6 months post operatively in Table 6. 

 

Table 6 Comparison of pre op and post op RFN OS 

P value 
Post op RFN OS 

(6 months) 

Post op RFN OS 

(3 months) 

Pre op RFN OS 

(Mean±SD) 
 

0.588 1.81±3.36 1.81±3.30 2±3.4 Virgin 

0.259 1.79±3.38 1.96±3.35 2.15±3.34 Manipulated 

 0.932 0.792 0.596 P Value 

 

Although BCVA OS in two groups in any months showed no significant difference, there was a significant improvement in BCVA 

OS from month 3 to month 6 in both virgin and manipulated group (p value of 0.033 and 0.041 respectively). Time of previous 

surgery which was performed in virgin group was 19.83±8.23 (±SD) months and 23.83±9.35 months in manipulated group 

respectively with no significant difference (0.278). Corrective surgery in both groups showed no significant difference. Number of 

patients and type of performed procedure demonstrated in table 7. 

 

Table 7 Corrective surgery of participants in study groups 

P value 
Fisher 

exact test 
Manipulated Group Virgin Group Corrective surgery 

  
4(33.3%) 5(41.7%) LR recession 

 

1(8.3%) 4(33.3%) LR resection 

0.249  5(41.7%) 1(8.3%) MR recession  

  2(16.7%) 2(16.7%) MR resection  

 

Multivariate analysis using mixed models had shown no correlation between none of the variables and post op deviation. 
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4. DISCUSSION 

Various approaches and procedures are obtainable for correction of deviation of the eyes post strabismus surgery including surgical 

procedures and optical correction. BLR recession, R&R surgery on the affected eye are among the choices of surgery. Results of our 

present study in post op parameters such as changes in deviation of eyes, BCVA and RFN showed generally no significant difference 

between our study groups. 

In a study, they included 31 patients with consecutive XT after BMR recession. In all cases BLR recession done and 20 patients 

were aligned (<10PD) post-surgery (Ludwig & Chow, 2000). In both groups BMR under correction and over correction (residual ET) 

was the most frequent cause of reoperation (15of 24 patients (67%)) (Patel & Lininger, 2000). This can lead us to re-evaluate our 

surgical dosage determination or more precise pre-op evaluation of patients with ET to decrease a need for re-surgery. In a 

retrospective study on 2006 included 31patients with consecutive XT in which R&R±MR advancement done for deviation correction. 

After a mean of 14.1 months from previous surgery 61% in 1st week, and 71% after 16 months were aligned (Kanwar & Pandav, 

2006).  

In our study Ocular alignment (less than 10 PD deviations in PP) was significant in both groups after 6 months. Complication in 

our study was rare (conjunctiva cyst, 1 in each group) and managed with topical ointment. Another study showed, among 25 

patients who undergone BLR resection for residual ET, 15 patients became aligned (60%), 8 patients under corrected, 2 patients 

overcorrected and 3 patients needed a third surgery (Gunasekera & Lininger, 2002). In our study no patient needed another surgery 

during 6 months of follow up. Retrospectively reviewed results of medial rectus (MR) muscle advancement with or without recession 

of the LR (lateral rectus) muscle to correct 27 cases of consecutive exotropia concluded that MR advancement in combination with 

LR recession had better results (71.4%) than MR advancement (50 %) or LR recession alone (60%) even though it was statistically 

insignificant (Chang & Lin, 2017). Another study concluded that medial rectus advancement alone or in combination with resection 

or lateral rectus recession or both usually is effective in managing of consecutive XT (72% of 46 patients had a good outcome in 2.5 

years post-surgery follow up) and disguised achievement of better surgical results in absent of adduction deficits, small angle 

exotropia, absence of amblyopia and absence of pattern strabismus (Kasi et al., 2013).  In the study by Mohan et al. he concluded 

that the successful results of 92% in first year, meaningfully dropped at 5 years to 53% (Mohan et al., 2006). However, in our study 

there was no such drop seen during 6month of follow up. Another study reported effective treatment of 50 PD of residual ET to 4 PD 

with myectomy of right MR and recession of left MR and less than 8PD of deviation 2 years post-surgery follow up (Mravicic et al., 

2011). Some authors recommended resection of one lateral rectus muscle by the surgical dosage calculated through doubling the 

angle of strabismus and applying the endorsed surgical dosage to one lateral rectus muscle to correct residual esotropia after BMR 

surgery (Nucci et al., 2007). 

We suggest choosing manipulated EOMs in corrective surgery of residual or consecutive deviation; theoretically this method 

carries potentially a lower risk of anterior segment ischemia and less manipulation of conjunctiva which may lead to less dry eye 

complications. 

 

5. CONCLUSION 

Having no difference in result of surgery on either of Manipulated or Virgin EOMs, we can recommend choosing Manipulated EOMs 

in correction of residual or consecutive Post Op deviation to preserve ciliary vessels and less manipulation of conjunctiva. Also we 

suggest further study with more participants, more comparative groups and longer duration of follow up. 

 

Abbreviations 

Bilateral Medial Rectus Muscles           BMR 

Bilateral Lateral Rectus Muscles           BLR 

Best Corrected Visual Acuity BCVA 

Esotropia ET 

Extra Ocular Muscle EOM 

Refraction RFN 

Logarithm of Minimum Angle of 

Resolution 
Log MAR 

Oculus Dexter OD 

Oculus sinister OS 

Prism of Diopter PD 
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Recession and Resection R&R 

Visual Acuity VA 

Standard Deviation SD 

Exotropia XT 

Inferior Oblique IO 

Medical Rectus  MR 

Lateral Rectus LR 
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