
    ORIGINAL ARTICLE          

© 2023 JOURNAL OF THE MEDICAL ASSOCIATION OF THAILAND 380

Strabismus surgery is a frequently performed 
operation. The objective is to achieve motor 
alignment and sensory improvement, with the least 
number of procedures. In surgical options, two 
suture techniques, adjustable and non-adjustable 
(conventional) sutures, are available for extraocular 
muscle surgery(1,2). Adjustable sutures are indicated 
in cases where the outcome of surgery is considered 

less predictable, such as in restrictive myopathies 
or in patients who have undergone a previous 
strabismus operation. Moreover, the utilization 
of an adjustable suture technique has potential to 
mitigate the occurrence of both overcorrection and 
under correction in the immediate postoperative 
period. This technique is particularly recommended 
in situations where surgical outcomes are anticipated 
to be uncertain(3). Adjustable sutures allow re-
adjustment of ocular alignment in the post-operative 
period, and thus, increase the likelihood of success, 
and decrease rate of reoperation(1,4,5). According to 
several previous studies(2,6,7), both techniques share 
an equal success rate.

A systemic Cochrane Database review in 2013(2) 
stated that: “In terms of accuracy of long-term ocular 
alignment, the authors found studies supporting the 
benefit of the adjustable technique over the non-
adjustable technique(4,5,8) with others suggesting the 
non-adjustable method was more advantageous(9,10), 
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and some studies reporting both techniques to be 
equally as effective(11-16)”.

However, to the best of the authors’ knowledge, 
there is no research studying long-term postoperative 
success up to 24 months. Hence, the aim of the 
present study was a retrospective study to determine 
if adjustable sutures or conventional sutures were 
associated with accurate long-term ocular alignment.

Materials and Methods
The present study was approved by the 

Committee for the Protection of Human Participants 
in Research of the Faculty of Medicine Siriraj 
Hospital, Mahidol University, Bangkok, Thailand 
[Siriraj Ethics Committee number 319/2563 (IRB2)]. 
A retrospective chart review was performed. The data 
of patients that underwent strabismus surgery operated 
by senior staff at Siriraj Hospital between 2010 and 
2018 were extracted from Siriraj Hospital electronic 
medical record. All the operations were performed 
by the same surgical team, which consisted of four 
pediatric and adult strabismus ophthalmologists. 
Surgery involving recession, resection, advancement, 
and plication of muscles, or a combination of these 
using adjustable sutures or the conventional technique 
on rectus muscles were included. Patients with 
esotropia, exotropia, hypertropia, and hypotropia 
who underwent primary strabismus surgery with 
a minimum follow-up period of 24 months were 
also included. The exclusion criteria were patients 
aged less than 10 years and patients with systemic 
or neurological disorders affecting cooperation for 
measurements due to difficulties associated with 
young age. Patients who underwent oblique muscle 
surgery, strabismus surgery involving botulinum 
toxin injection, combined surgery with oblique 
muscle or posterior fixation suture, or strabismus 
surgery involving muscle transposition technique 
were also excluded. 

Subjects were classified into two groups, 
adjustable and conventional. The sample size was 
calculated based on previous study(17) using a chi-
square test for two proportions with a continuity 
correction formula and power of 80%. Hence, a total 
of 90 patients were required in each group.

Data on patient demographics, preoperative and 
postoperative orthoptic evaluation, including angle 
of deviation, type and magnitude of strabismus, 
sensory status, binocularity and stereoacuity status, 
and reoperation rate were collected.

The primary outcome was surgical success 
after two years, defined as ocular alignment within 

10 prism diopters (PD) in the primary position 
for horizontal rectus muscle surgery, or 5 PD for 
vertical rectus muscle surgery. For the adjustable 
group, adjustments were made immediately after 
operation or the next day. The angle of deviation 
was measured in PD, using the alternating prism-
cover-test or Krimsky reflex when vision in one eye 
was less than 6/60. The secondary outcome was the 
reoperation rate and binocular function improvement 
two years post-operation. The binocular function 
was recorded in case the patient had suppression, 
diplopia or fusion using the Worth-4-dot test or 
red glass test. Improvement in binocular function 
was defined as change in binocular status from 
suppression to diplopia or fusion, and diplopia to 
fusion. Stereoacuity was recorded using the contour-
based test (Wirt circle and Titmus stereo fly test).

All statistical calculations were performed 
using IBM SPSS Statistics, version 28.0 (IBM 
Corp., Armonk, NY, USA). Statistical analysis was 
performed using the chi-square test to compare the 
success rate between the two groups. Mean (standard 
deviation, SD) and median (interquartile range, IQR) 
were used for continuous descriptive demographic 
data. To compare general data between the two 
groups, the authors used the chi-square test, unpaired 
t-test, and Mann-Whitney U test for data analyses. 
A p-value less than 0.05 was considered statistically 
significant.

Results
The present study included 115 patients in 

the adjustable suture group and 90 patients in 
the conventional suture group. At the time of 
surgery, the mean age was 38.8±17.6 years in the 
adjustable technique group and 25.7±17.1 years in the 
conventional technique group. The difference in mean 
age between the groups was statistically significant 
(p<0.001). The etiology of strabismus was divided 
into five categories, restrictive, paralytic, sensory, 
concomitant, and others such as left hypertropia, right 
hypertropia, and arteriovenous malformation with 
statistical difference between adjustable and non-
adjustable group (p=0.03). The preoperative angle of 
deviation was 39.0±17.1 PD in the adjustable group 
and 42.5±17.1 PD in the conventional technique 
group. The difference in preoperative angle of 
deviation was not statistically significant (p=0.145). 
Table 1 summarizes the demographic data of the 
study population.

Successful motor alignment was achieved by 
89 patients (77.4%), in the adjustable group and 63 
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patients (70.0%) in the conventional group after six 
months, and by 85 (73.9%) and 59 (65.6%) patients in 
the adjustable group and conventional group after 12 
months, respectively. At 24 months, the success rate 
was 83 patients (72.2%) in the adjustable group and 54 
patients (60.0%) in the conventional group as shown 
in Figure 1. Additionally, at 24 months, 58.7% of 
patients in the adjustable group displayed orthotropia 
compared to only 48.7% in the conventional group. 
Overall, the adjustable group had a higher likelihood 
of achieving good ocular alignment. However, the 
success rate of motor alignment was not statistically 
different in both groups even at 24 months (p=0.066). 
No surgical complications occurred in either group. 
Moreover, in subgroup analysis of adjustable and 
non-adjustable groups, the success rates for different 
etiology of strabismus are summarized in Table 2.

In terms of sensory outcomes, binocularity and 
stereoacuity were documented before operation and 
two years post-operation. Improvement in binocular 
function was defined as a change in binocular status 
from suppression to diplopia or fusion, and diplopia 
to fusion. Improved binocular function was observed 
in 23 patients (42.6%) in the adjustable group and 23 
patients (43.4%) in the conventional group (p=0.540). 
Binocular regression, which referred to a decrease 
in the level of binocular function or fusion greater 
than that of diplopia, was noted in both groups. 
Specifically, two patients in the adjustable group 
experienced binocular function regression from 
diplopia to suppression, while one patient in the 
conventional group exhibited regression from fusion 
to suppression. However, data of sensory outcomes 
were not available in all subjects. Data from only 

Table 1. Patient demographic data

Adjustable (n=115) Non-adjustable (n=90) p value

Age (years); mean±SD 38.8±17.6 25.7±17.1 <0.01*

Female; n (%) 68 (59.1) 51 (56.7) 0.78

Etiology of strabismus; n (%) 0.03*

Restrictive 17 (14.8) 6 (6.7)

Paralytic 22 (19.1) 9 (10.0)

Sensory 17 (14.8) 10 (11.1)

Concomitant 56 (48.7) 64 (71.1)

Others 3 (2.6) 1 (1.1)

Strabismus type; n (%) 0.09

ET 39 (33.9) 37 (41.1)

XT 54 (47.0) 48 (53.3)

Hypertropia 13 (11.3) 4 (4.5)

Hypotropia 9 (7.8) 1 (1.1)

Amblyopia; n (%) 0.37

No 98 (85.2) 68 (75.6)

Strabismic 13 (11.3) 18 (20.0)

Refractive 3 (2.6) 3 (3.3)

Deprivation 1 (0.9) 1 (1.1)

Preoperative angle: mean±SD 39.0±17.1 42.5±17.1 0.15

Binocularity; n (%) 0.02*

No 52 (45.2) 25 (27.8)

Suppression 15 (13.0) 22 (24.4)

Diplopia 39 (33.9) 31 (34.4)

Fusion 9 (7.9) 12 (13.4)

Stereopsis: median (IQR) 80 (40 to 100) 100 (40to200) 0.21

Eye; n (%) <0.01*

Right 43 (37.4) 19 (21.1)

Left 47 (40.9) 15 (16.7)

Both 25 (21.7) 56 (62.2)

ET=esotropia; IQR=interquartile range; SD=standard Deviation; XT=exotropia

* p<0.05, statistical significance
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54 patients in the adjustable group and 53 in the 
conventional group were collected. The reasons for 
missing binocular function data depended on whether 
the Worth-4-dot test or red glass test was performed, 
or if the patient had only one functional eye.

Stereoacuity was recorded in seconds of arc, 
using median to represents data in each group. 
Median stereopsis improvement was seen in both 
groups at 80 to 45 seconds of arc in the adjustable 
group and 100 to 60 seconds of arc in the conventional 
group (p=0.67). Only 16 patients in the adjustable 
group, and 18 in the conventional group were eligible 
for data collection, since only patients with binocular 
fusion function could take the stereoacuity test.

Reoperations were performed in 19.1% of 

patients in the adjustable suture group, and 18.9% 
in the conventional group (p=0.965). The median 
duration until reoperation was 18 months (IQR 8.75 
to 39.25) in the adjustable group and 8 months (IQR 
6.0 to 22.0) in the conventional group (p=0.045).

Discussion
Strabismus surgery is a frequently performed 

operation to achieve motor alignment and secondary 
improvement. For suture techniques, there are two 
choices, adjustable and non-adjustable sutures(1). 
Previous studies compared the benefits between 
the adjustable and non-adjustable sutures(4,5,7,12,15,18). 
Some studies supported the adjustable technique over 
non-adjustable technique(4,5). Some studies reported 
both techniques to be equally effective(11,13,14). To the 
best of the authors’ knowledge, there was only one 
randomized controlled trial comparing outcomes 
of the adjustable suture and the conventional 
technique and the results reveal a minor likelihood 
of improvement with adjustable sutures(7). Therefore, 
the present study demonstrated long-term accurate 
postoperative ocular alignment success up to 24 
months.

In the present study, the result showed no 
statistically significant differences between adjustable 
and non-adjustable sutures. However, the success rate 
of adjustable suture at 24 months postoperatively 
seemed to be higher than non-adjustable technique at 
72.2% and 60.0%, respectively (p=0.06). The present 
study result correlated with a previous report which 
the adjustable sutures had significant better final 
results than the conventional techniques(5). Moreover, 
the failure in adjustable group reduced overtime as 
shown in Figure 1, by the way still higher than in 
non-adjustable group. It would be more informative 
if longer follow-up period was performed to confirm 
the efficacy of the two different types of strabismus 
surgeries. 

The demographic data of patient population was 
also analyzed, including the mean age of patients in 

Figure 1. Long-term postoperative success rate in the adjust-
able suture technique and conventional technique.

Table 2. Success rate in different etiology of strabismus

Adjustable suture; n (%) Non-adjustable suture; n (%)

6 months 12 months 24 months 6 months 12 months 24 months

Restrictive 8 (47.1) 9 (52.9) 9 (52.9) 4 (66.7) 5 (83.3) 4 (66.7)

Paralytic 20 (90.9) 17 (77.3) 18 (81.8) 3 (33.3) 2 (22.2) 2 (22.2)

Sensory 14 (82.4) 12 (70.6) 11 (64.7) 9 (90.0) 9 (90.0) 7 (70.0)

Concomitant 45 (80.4) 44 (78.6) 44 (78.6) 46 (71.9) 43 (67.2) 41 (64.1)

Others 2 (66.7) 3 (100) 1 (33.3) 1 (100) 0 (0.0) 0 (0.0)

Total 89 (77.4) 85 (73.9) 83 (72.2) 63 (70.0) 59 (65.6) 54 (60.0)
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each group. The mean age of patients that underwent 
adjustable suture surgery was 38.8 years, which was 
higher than that of the conventional technique group, 
which was 25.7 years with statistically significant 
difference (p<0.001). Since all patients in the study 
cooperated with deviation measurement, the age might 
least likely impact the surgical outcome. In addition, 
the earlier study(18) stated that patient’s age did not 
influence final postoperative deviation. Moreover, 
in the present study, preoperative binocularity was 
identified as another factor that might impact motor 
outcomes, particularly in exotropia cases. The 
adjustable suture group had a higher percentage of 
patients (45.2%) with no preoperative binocularity 
compared to the conventional technique group 
(27.8%), and the difference in binocular function 
between the two groups was statistically significant 
(p=0.021). It is established that binocular function 
is crucial for maintaining both motor and sensory 
fusion, and as such, the absence of binocular fusional 
ability can have a negative impact on the surgical 
outcome(19). Despite a higher percentage of patients 
lacking binocular fusional ability, the adjustable 
suture technique showed a greater likelihood of 
achieving orthotropia at 24 months (58.7% versus 
48.7%) compared to the conventional technique. 
These results provide support for the use of adjust-
able suture as a preferred technique for rectus 
muscle surgery, particularly in cases where a more 
predictable outcome is desired.

In terms of binocular improvement, surgical 
re-alignment is the first step in providing conditions 
necessary for re-establishing full binocular function 
in strabismus patients(20-24). The present study showed 
patients who underwent either adjustable suture 
or conventional technique strabismus surgery had 
significant improvement of binocular functions at 24 
months (42.6% and 43.4%), respectively. Stereoacuity 
also improved in both groups. From the present 
study, the authors concluded that the adjustable 
suture or conventional technique can be a benefit to 
binocularity, including reduced suppression, better 
fusion, and improvement in stereopsis. No difference 
in reoperation rate was found between the two 
groups. However, the adjustable suture group led to a 
significantly longer duration of time until reoperation 
(18 months versus 8 months). This concordantly goes 
with lower tendency of failure in the adjustable suture 
group. However, patient decision is a confounding 
factor affecting the decision to reoperate.

There were limitations in the present study. 
Because of its retrospective nature, it was inevitable 

to have control bias, confounding factors, and 
incomplete data. Additionally, sensory outcome data 
was only collected from a limited number of patients, 
as some were unable to perform the required tests 
such as Worth-4-dot test or red glass test or had only 
one eye. Because the ages and etiology of strabismus 
in both groups showed significant differences, it 
is important to exercise caution in interpreting the 
results. Previous research has indicated that the 
outcome of surgical correction of strabismus can vary 
based on factors such as the subtype of strabismus, 
age at onset, and age at surgical correction, with 
some patients failing to regain normal binocular 
function(25-27). 

In conclusion, the results of the present study 
indicate that the adjustable suture technique 
showed a higher rate of success compared to the 
conventional technique, although the difference was 
not statistically significant. It is important to note 
that the specific surgical procedure for rectus muscle 
surgery depended on the surgeon’s expertise and 
must be individualized to meet the patient’s needs 
and preferences. Additionally, the present study only 
had follow-up period of 24 months, and it is possible 
that the outcomes may have changed with a longer 
follow-up period. Further studies with larger sample 
sizes and longer follow-up periods are necessary to 
validate the present study findings and to determine 
the long-term efficacy and stability of the two surgical 
techniques. 

What is already known on this topic? 
Strabismus surgery is a frequently performed 

operation. Adjustable sutures are indicated in cases 
in which the outcome of surgery is considered less 
predictable. Adjustable sutures allow re-adjustment 
of ocular alignment in the postoperative period, as a 
result, increase the likelihood of success and decrease 
the rate of reoperation. In previous studies, adjustable 
and non-adjustable suture techniques share an equal 
success rate.

What this study adds?
In this study, the authors report on results 

comparing the long-term operative success up 
to 24 months of the adjustable suture technique 
and conventional technique in rectus muscle 
surgery. The results showed that the adjustable 
suture technique was associated with higher success 
compared to the conventional technique for rectus 
muscle surgery.



385 J Med Assoc Thai  |  Volume 106  No. 4  |  April 2023

Conflicts of interest
The authors declare no conflict of interest.

References
1. Haridas A, Sundaram V. Adjustable versus non-

adjustable sutures for strabismus. Cochrane Database 
Syst Rev 2013;(7):CD004240.

2. Hassan S, Haridas A, Sundaram V. Adjustable versus 
non-adjustable sutures for strabismus. Cochrane 
Database Syst Rev 2018;3:CD004240.

3. Jampolsky A. Current techniques of adjustable 
strabismus surgery. Am J Ophthalmol 1979;88:406-18.

4. Awadein A, Sharma M, Bazemore MG, Saeed HA, 
Guyton DL. Adjustable suture strabismus surgery in 
infants and children. J AAPOS 2008;12:585-90.

5. Tripathi A, Haslett R, Marsh IB. Strabismus 
surgery: adjustable sutures-good for all? Eye (Lond) 
2003;17:739-42.

6. Babu S, Goel Y, Chaudhary RB, Rastogi A, Agarwal 
R, Dhiman S, et al. Comparison of adjustable sutures 
versus nonadjustable sutures in intermittent exotropia. 
Eur J Ophthalmol 2018;28:264-7.

7. Kamal AM, Abozeid D, Seif Y, Hassan M. A 
comparative study of adjustable and non-adjustable 
sutures in primary horizontal muscle surgery in 
children. Eye (Lond) 2016;30:1447-51.

8. Broniarczyk-Loba A, Nowakowska O. Adjustable 
sutures surgery of intermittent divergent squint in 
adolescents and adults. Klin Oczna 2003;105:63-5.

9. Gigante E, Bicas HE. Monocular surgery for large-
angle esotropias: review and new paradigms. Arq Bras 
Oftalmol 2010;73:379-83.

10. Vazquez CW, Muñoz M. Overcorrection after 
adjustable suture suspension- recession of the inferior 
rectus muscle in non-thyroid eye disease. Binocul Vis 
Strabismus Q 1999;14:103-6.

11. Altintas AG, Türker C, Levent GG, Cakmak HB, 
Simsek S. Competitive analysis of intraoperative 
adjustable suture with conventional suture technique 
in strabismus surgery. Ann Ophthalmol (Skokie) 
2006;38:297-303.

12. Bishop F, Doran RM. Adjustable and non-adjustable 
strabismus surgery: a retrospective case-matched 
study. Strabismus 2004;12:3-11.

13. Kono R, Ohtsuki H, Hasebe S. Comparison between 
conventional recession and adjustable suspension- 
recession procedure for vertical strabismus in Graves' 
ophthalmopathy. Jpn J Clin Ophthalmol 2000;54:321-
5.

14. Kraus DJ, Bullock JD. Treatment of thyroid ocular 

myopathy with adjustable and nonadjustable suture 
strabismus surgery. Trans Am Ophthalmol Soc 
1993;91:67-79; discussion 79-84.

15. Mohan K, Ram J, Sharma A. Comparison between 
adjustable and non-adjustable hang-back muscle 
recession for concomitant exotropia. Indian J 
Ophthalmol 1998;46:21-4.

16. Yanovitch TL, Wallace DK, Freedman SF, Enyedi 
LB, Young TL. 126: Success rates of adjustable and 
nonadjustable strabismus surgery in adults. J AAPOS 
2009;13:e32.

17. Astudillo PP, Cotesta M, Schofield J, Kraft S, 
Mireskandari K. The effect of achieving immediate 
target angle on success of strabismus surgery in 
children. Am J Ophthalmol 2015;160:913-8.

18. Park YC, Chun BY, Kwon JY. Comparison of the 
stability of postoperative alignment in sensory 
exotropia: adjustable versus non-adjustable surgery. 
Korean J Ophthalmol 2009;23:277-80.

19. von Noorden GK, Campos E. Binocular vision 
and ocular motility: Theory and management of 
strabismus. St. Louis: Mosby; 1974.

20. Dickmann A, Aliberti S, Rebecchi MT, Aprile I, 
Salerni A, Petroni S, et al. Improved sensory status 
and quality-of-life measures in adult patients after 
strabismus surgery. J AAPOS 2013;17:25-8.

21. Kushner BJ, Morton GV. Postoperative binocularity in 
adults with longstanding strabismus. Ophthalmology 
1992;99:316-9.

22. Mets MB, Beauchamp C, Haldi BA. Binocularity 
following surgical correction of strabismus in adults. 
J AAPOS 2004;8:435-8.

23. Yildirim C, Tychsen L. Effect of infantile strabismus 
on visuomotor development in the squirrel monkey 
(Saimiri sciureus): optokinetic nystagmus, motion 
VEP and spatial sweep VEP. Strabismus 1999;7:211-9.

24. Fatima T, Amitava AK, Siddiqui S, Ashraf M. Gains 
beyond cosmesis: Recovery of fusion and stereopsis 
in adults with longstanding strabismus following 
successful surgical realignment. Indian J Ophthalmol 
2009;57:141-3.

25. Lema SA, Blake R. Binocular summation in normal 
and stereoblind humans. Vision Res 1977;17:691-5.

26. Leguire LE, Rogers GL, Bremer DL. Flash visual 
evoked response binocular summation in normal 
subjects and in patients with early-onset esotropia 
before and after surgery. Doc Ophthalmol 1995;89:277-
86.

27. Chiesi C, Sargentini AD, Bolzani R. Binocular visual 
perception in strabismics studied by means of visual 
evoked responses. Doc Ophthalmol 1984;58:51-6.


