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Purpose: To prospectively evaluate the results of one-muscle surgery in 15–25 prism 
diopters (PD) horizontal comitant strabismus in adults.
Patients and Methods: 15–25 PD horizontal strabismus patients, comprising 25 exotropic 
(XT) patients and 11 esotropic (ET) patients, who underwent one-muscle recession by 
a single surgeon with a fixed surgical dosage were included in the study with a minimum 
follow-up of 3 months. The main outcome was a surgical success, which is defined as 
a residual deviation of <8 PD at the last examination. Other parameters include postoperative 
lateral incomitance and patient satisfaction. Postoperative lateral incomitance indicated 
a difference in deviation of >5 PD between the primary position and lateral gaze, or duction 
limitation at any visit. Patient satisfaction regarding cosmetic and functional outcomes was 
assessed by using a 5-point Likert scale.
Results: Successful alignment was obtained in 19 (76%) and 9 (81.81%) XT and ET patients 
(p = 1.00), with a median and interquartile range (IQR) of follow-up time of 3, 3–3 months 
and 3, 3–7 months, respectively. Postoperative lateral incomitance was observed in 8 (32%) 
XT patients and in 1 (9.09%) ET patient (p = 0.22). One XT patient and one ET patient who 
developed incomitance reported diplopia, which disappeared 3 months after surgery. One XT 
patient reported diplopia while gazing towards the operated eye whilst one ET patient 
reported diplopia occasionally which was unrelated to gaze direction. Patient satisfaction 
was based on Likert scale scores with 4.12 ± 0.97 in XT patients and 4.73 ± 0.65 in ET 
patients (p = 0.07).
Conclusion: One-muscle recession with a fixed surgical dosage was effective for treating 
small angle horizontal strabismus with a high rate of surgical success and patient satisfaction. 
Although postoperative lateral incomitance occurred, only a few patients developed sympto
matic diplopia, which completely resolved 3 months after surgery.
Keywords: prospective, esotropia, exotropia, unilateral medial rectus recession, unilateral 
lateral rectus recession

Introduction
Strabismus is an ocular misalignment with an estimated pooled prevalence of 1.6– 
2.2% globally.1 This common eye condition has negative effects on visual-related 
quality of life as well as psychosocial implications; for example, social acceptance, 
self-image, securing employment, and interpersonal relationships.2–8 This study 
focused on the treatment for the two most common forms of strabismus, which 
are exotropia (XT) and esotropia (ET).
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The traditional treatment for both XT and ET is two- 
muscle strabismus surgery as either bilateral rectus muscle 
recession or combined unilateral rectus recession and antago
nist rectus resection (URR). One-muscle recession has var
ious theoretical advantages over two-muscle surgery, namely 
shorter operative time and less surgical complications. In 
addition, the muscles that are left untouched can be subject 
to further surgery. However, this procedure is controversial 
because of concerns regarding undercorrection and/or 
induced incomitance. Since one muscle surgery has been 
studied in only small to moderate angle strabismus and the 
majority of unsuccessful cases are undercorrection,9–34 it 
may not effective against large angle strabismus. A dose 
response relationship study suggested that one muscle reces
sion can be used in XT or ET < 30 prism diopters (PD).17 

Several studies have shown that one-muscle surgery provides 
promising outcomes, specifically in small to moderate hor
izontal deviations,9–31 conversely, other studies reported a < 
60% success rate.32–34 Notably, most previous publications 
had retrospective designs.17–34 Owing to inconsistent surgi
cal results, lack of standardized surgical dosage, possible risk 
of postoperative incomitance, and the limited number of 
prospective studies, in this study, we proposed a fixed 
amount of recession, addressed surgical outcomes, and eval
uated postoperative incomitance prospectively in adults with 
15–25 PD of horizontal deviation who underwent unilateral 
lateral rectus recession (ULR) for XT or unilateral medial 
rectus recession (UMR) for ET. This study specifically inves
tigated patients with 15–25 PD deviation and did not cover 
those with the larger angle of deviation.

Patients and Methods
This study was approved by the Institutional Review 
Board of the Faculty of Medicine, Ramathibodi Hospital, 
Mahidol University (approval number: MURA2020/41) 
and was conducted according to the tenets of the 
Declaration of Helsinki. Informed consent was obtained 
from each patient who was eligible for the study and who 
agreed to undergo either UMR or ULR.

We recruited all consecutive patients with ET or XT of 
15–25 PD who underwent unilateral horizontal muscle 
recession performed by the author AL, a board-certified 
pediatric and strabismus ophthalmologist at Ramathibodi 
Hospital, Mahidol University from 5 March 2020 to 
4 March 2021. The inclusion criteria were as follows: 1) 
being at least 18 years of age; 2) having comitant devia
tion; and 3) having a difference in deviation at 6 meters 
and 0.33 meters of < 5 PD. We excluded patients with 

restrictive strabismus, paralytic strabismus, previous 
extraocular muscle surgery, or A or V pattern.

Preoperative Examination
All patients received comprehensive ophthalmic evalua
tion including visual acuity (VA), slit-lamp biomicroscopy, 
ocular motility, and orthoptic examinations by authors AL 
or NJ. Orthoptic examination comprised of the cover- 
uncover test and alternate prism cover test using a plastic 
prism placed in the patients’ frontal plane while wearing 
their best refractive correction. Measurements were taken 
in primary, right, and left gazes at 6 meters and at 0.33 
meters. The lateral gaze was estimated at 30 degrees from 
the primary position. In patients with exodeviation, 
orthoptic examination was performed after monocular 
patching for at least 30 minutes to eliminate fusional 
convergence and to reveal maximal deviation.35 The 
Krimsky light reflex test was used in patients who were 
unable to perform target fixation. The purpose and proce
dures in the study were informed to all patients.

Surgical Dosage
The surgical dosage for recession according to maximal 
deviation either at distant or near fixation within 1 week 
prior to the surgery and related specifically with the degree 
of deviation are shown in Table 1. These numbers were 
modified from the standard formula for bilateral recession. 
In our preliminary (unpublished) study, we used the 
amount of bilateral recession of double the patients’ devia
tion to recess one muscle. For example, for a patient with 
XT 15 PD, we doubled the deviation to 30 PD. According 
to the standard formula, the amount of bilateral recession 
for 30 PD is 7 mm. Therefore, a patient with XT 15 PD 
was treated by using 7 mm unilateral lateral rectus reces
sion. This formulation resulted in a high rate of under
correction. To mitigate the undercorrection, we added 1 
millimeter to the matched amount of bilateral recession to 
double the patients’ deviation. Based on the previous 
example, for instance, the unilateral lateral rectus reces
sion in patient with XT 15 PD would be performed using 
8 mm instead of 7 mm.

Surgical Procedure
All operations were performed by a single surgeon (AL). 
Exotropic patients and esotropic patients underwent ULR 
and UMR, respectively. The anesthesia and the surgical 
side were chosen, as appropriate, by the surgeon. If the 
patient had unequal visual function between eyes, the worst 
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eye was selected for surgery. The horizontal rectus muscle 
was exposed by a fornix incision and was then tied with 6–0 
polyglycolic acid or 6–0 polyglactin suture with double-arm 
spatula needles. The amount of recession was measured from 
just posterior to the original tendon insertion using calipers. 
This delicate measurement was taken from neither the site 
anterior to the original tendon insertion nor on the original 
tendon insertion, but was taken from the site adjacently 
posterior to the original tendon insertion. The muscle was 
disinserted and reattached by standard scleral fixation at 
a marked position without hang-back or adjustable sutures. 
The conjunctiva was then closed with 8–0 polyglactin inter
rupted sutures. These steps were performed in the same 
manner on all patients.

Postoperative Evaluation
Postoperatively, patients were followed up after 2 weeks, 3 
months and 6 months and received the same orthoptic and 
ocular motility examinations which were done during the 
preoperative period. All examinations were performed by 
either author AL or NJ.

A successful result was defined as having a residual 
deviation of < 8 PD in the primary position for both distance 
and near fixations at the final examination at least 3 months 
after surgery. Surgically-induced lateral incomitance was 
defined as a difference in deviation between the primary 
position and lateral gaze of > 5 PD or any adduction or 
abduction deficit at any visit. In addition, we evaluated 
patient satisfaction using a 5 point-Likert scale. Patients 
were asked to rate their level of agreement with the sentence, 
“I am satisfied with the cosmetic and functional outcomes 
resulting from the one-muscle strabismus surgery.” (1, 
strongly disagree; 2, disagree; 3, neither agree nor disagree; 
4, agree; 5, strongly agree).

Statistical Analysis
Categorical data and numerical data with normal distribu
tion were presented by percentage and mean ± standard 
deviation (SD), respectively. Non-normally distributed 
numerical data was reported as median and interquartile 
range (IQR). To compare the differences between groups, 
the chi-square test or the Fisher exact test was applied for 
categorical data while Mann–Whitney U-test or t-test was 
used for numerical data. Statistical analysis was performed 
using Stata version 17 statistical software. P value < 0.05 
was considered as statistically significant.

Results
A total of 36 consecutive patients were recruited in this 
study, consisting of 25 exotropic patients and 11 esotropic 
patients, with a median (IQR) postoperative follow-up of 3, 
3–3 months (range, 3–10 months) and 3, 3–7 months (range, 
3–12 months), respectively. Patient characteristics are pre
sented in Table 2. The patients’ average age at the time of 
surgery was 32.16 ± 10.18 years in the exotropic group and 
35 ± 13.25 years in the esotropic group. There were 21 
(84%) exotropic female patients and 10 (90%) esotropic 
female patients. The mean (± SD) preoperative deviation 
was 20.04 ± 4.29 PD (range, 14–25 PD) at distant fixation 
and 19.68 ± 4.35 PD (range, 14–25 PD) at near fixation in 
XT group and 21 ± 4.27 PD (range, 14–25 PD) at both 
distant and near fixation in ET group. The age (p = 0.49), 
sex (p = 1.00), follow up time (p = 1.00), and preoperative 
deviation at distant fixation (p = 0.54) and at near fixation (p 
= 0.40) were comparable in patients with XT and ET. The 
patients’ visual acuity ranged from 20/20 to no light percep
tion, with 66 of 72 eyes (91.67%) having better than 20/200 
VA. The patients were divided into three subgroups accord
ing to the degree of maximal deviation at the primary 

Table 1 Standard Formula for Bilateral Recession and Surgical Dosage for Unilateral Recession in This Study

Exotropia Esotropia

Standard Formula for 
BLR

Amount of ULR in This 
Study

Standard Formula for 
BMR

Amount of UMR in This 
Study

15 PD 4.0 mm 8.0 mm 3.0 mm 5.5 mm
20 PD 5.0 mm 9.0 mm 3.5 mm 6.5 mm

25 PD 6.0 mm 10.0 mm 4.0 mm 7.0 mm

30 PD 7.0 mm 4.5 mm
40 PD 8.0 mm 5.5 mm

50 PD 9.0 mm 6.0 mm

Abbreviations: PD, prism diopter; BLR, bilateral lateral rectus recession; ULR, unilateral lateral rectus recession; BMR, bilateral medial rectus recession; UMR, unilateral 
medial rectus recession; mm, millimeters.
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position: 15 PD (8 XT patients, 3 ET patients), 20 PD (8 XT 
patients, 3 ET patients), and 25 PD (9 XT patients, 5 ET 
patients). In subgroups categorized by type of strabismus, 
XT patients comprised of 6 constant XT patients, 15 inter
mittent XT patients and 4 sensory XT patients while ET 
patients included 9 nonaccommodative ET patients and 2 
sensory ET patients. All of the patients had full range of 
duction and version and equal deviation between the primary 
position and lateral gaze before surgery. All operations were 
performed under local anesthesia by inferotemporal peribul
bar block with 4–6 mL of 1:1 mixture of 0.5% bupivacaine 
and 2% lidocaine. Hyaluronidase 1 IU/mL was added in the 
mixture to improve the quality of the anesthesia.

The results comparing the exotropic group and esotropic 
group are summarized in Table 3. The median (IQR) angle 
of deviation in the primary position 2 weeks after surgery 
were as follows: exodeviation at distance: 0, 0–8 PD (range, 
0–14 PD) and near: 0, 0–6 PD (range, 0–12 PD) in the ULR 
group and esodeviation at distance: 0, 0–0 PD (range 0–8 
PD) and near: 0, 0–4 PD (range 0–8 PD) in the UMR group. 
On the last follow up visit, the mean angle of deviation in 
the primary position change to exodeviation at distance: 0, 
0–4 PD (range, 0–14 PD) and near: 0, 0–0 PD (range, 0–10 

PD) in the ULR group, and esodeviation at distance: 0, 0–4 
PD (range 0–12 PD) and near: 0, 0–6 PD (range, 0–12 PD) 
in the UMR group. The deviations during the early post
operative period at both fixations and the deviations of the 
last follow up visit at both fixations were comparable 
between XT and ET group with p-value as presented in 
Table 3. On the final visit, 28 (77.77%) patients had 
achieved successful results, which was defined as residual 
deviation for both distance and near fixation of < 8 PD. 
Nineteen (76%) patients in the ULR group and 9 (81.81%) 
patients in the UMR group achieved successful alignment. 
The difference in success rate between ULR group and 
UMR group was not statistically significant (p = 1.00). In 
the ULR subgroups divided by degree of deviation, 6 (75%) 
of XT 15 PD patients, 6 (75%) of XT 20 PD patients, 7 
(77.78%) of XT 25 PD patients achieved successful align
ment (p = 0.99). In ULR subgroups divided by type of XT, 4 
(66.66%) of constant XT patients, 12 (80%) of intermittent 
XT patients, and 3 (75%) of sensory XT patients met the 
criteria for success (p = 0.82). In the UMR subgroups 
categorized by amount of deviation, 3 (100%) of ET 15 
PD patients, 3 (100%) of ET 20 PD patients, 3 (60%) of ET 
25 PD patients resulted in successful alignment (p = 0.46). 

Table 3 Results Comparing Between Exotropic Group and Esotropic Group

Deviation at Postoperative 2 
Weeks (PD; Median, IQR)

Deviation at Postoperative 
Last Visit (PD; Median, IQR)

Successful 
Alignment 

(n, %)

Postoperative 
LI (n, %)

PS by the 5 
Point-Likert 

Scale  
(Mean ± SD)

Distant Near Distant Near

XT (n = 25) 0, 0–8 0, 0–6 0, 0–4 0, 0–0 19, 76 8, 32 4.12 ± 0.97

ET (n = 11) 0, 0–0 0, 0–4 0, 0–4 0, 0–6 9, 81.81 1, 9.09 4.73 ± 0.65

p-value 0.22 0.95 0.72 0.51 1.00 0.22 0.07

Abbreviations: PD, prism diopter; IQR, interquartile range; SD, standard deviation; LI, lateral incomitance; PS, patient satisfaction.

Table 2 Patient Characteristics

Exotropia (n = 25) Esotropia (n = 11) p-value

Age (year; mean ± SD) 32.16 ± 10.18 35 ± 13.25 0.49

Female (n, %) 21, 84 10, 90 1.00

Follow up time (month; median, IQR) 3, 3–3 3, 3–7 1.00

Deviation (PD; mean ± SD) Distant 20.04 ± 4.29 21 ± 4.27 0.54
Near 19.68 ± 4.35 21 ± 4.27 0.40

Groups classified by amount of deviation (n, %) 15 PD 8, 32 3, 27.27 1.00

20 PD 8, 32 3, 27.27

25 PD 9, 36 5, 45.45

Abbreviations: SD, standard deviation; IQR, interquartile range; PD, prism diopter.
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In the UMR subgroups assorted by type of ET, 7 (77.78%) 
of nonaccommodative ET patients, and 2 (100%) of sensory 
ET patients reached successful results (p = 1.00). The 
success rate between subgroups either categorized by 
degree of deviation or types of strabismus were comparable. 
Details on these subgroups are presented in Table 4 for XT 
group and Table 5 for ET group. There were no patients who 
were overcorrected in the early postoperative period and at 
the last examination. Eight patients who did not meet the 
requirement for success were undercorrected.

Postoperative lateral incomitance was noted in 8 (32%) of 
the ULR patients, namely 2 patients with 8 mm of recession, 
3 patients with 9 mm of recession, and 3 patients with 10 mm 
of recession. Of 8 ULR patients with lateral incomitance, 
there were 1 constant XT patient, 5 intermittent XT patients 
and 2 sensory XT patients. No ULR patients had a difference 
in deviation exceeding 5 PD between the primary position 
and lateral gaze. Abduction limitation was noted in all of the 
lateral incomitant ULR patients; however, all patients were 
able to abduct to more than 90% subjectively compared with 
the contralateral unoperated eye. All incomitance following 

ULR occurred in the early postoperative period and persisted 
throughout the follow-up. An intermittent XT patient with 
9 mm ULR reported diplopia when gazing toward the oper
ated eye in the early postoperative period, which improved 
after 3 months after surgery. Lateral incomitance was 
observed in one patient in the UMR group in the early post
operative period, which resolved within 3 months after the 
surgery. This patient had nonaccommodative ET of 25 PD 
and underwent 7-mm right medial rectus recession. 
Esodeviation of 6 PD was observed on the right gaze while 
orthophoria was ensured at primary position, and on the left 
gaze with distance fixation. Orthoptic examination at near 
fixation revealed orthophoria in the primary position and on 
both lateral gazes. The ocular motility test revealed full 
duction and version. The patient reported occasional diplopia 
in the early postoperative period that was not related to gaze 
and did not significantly affect her quality of life. Although 
the rate of lateral incomitance following ULR was greater 
than following UMR, the difference was not statistically 
significant (p = 0.22). The analysis of subgroups divided by 
either the amount of deviation or type of strabismus did not 

Table 4 Surgical Outcomes for Subgroups of Exotropic Patients

Successful Alignment Postoperative LI PS by the 5 Point- 
Likert Scale

Success 
(n)

Failure 
(n)

p-value Cases 
(n)

Noncases 
(n)

p-value Mean ± SD p-value

Subgroups by 

amount of deviation

XT 15 PD 6 2 0.99 2 6 1.00 4.38 ± 1.19 0.69
XT 20 PD 6 2 3 5 4 ± 0.76

XT 25 PD 7 2 3 6 4 ± 1

Subgroups by type of 

XT

Constant XT 4 2 0.82 1 5 0.51 4.5 ± 0.55 0.48

Intermittent XT 12 3 5 10 4.06 ± 0.96

Sensory XT 3 1 2 2 3.75 ± 1.5

Abbreviations: XT, exotropia; PD, prism diopter; SD, standard deviation; LI, lateral incomitance; PS, patient satisfaction.

Table 5 Surgical Outcomes for Subgroups of Esotropic Patients

Successful Alignment Postoperative LI PS by the 5 Point- 
Likert Scale

Success 
(n)

Failure 
(n)

p-value Cases 
(n)

Noncases 
(n)

p-value Mean ± SD p-value

Subgroups by 

amount of 
deviation

ET 15 PD 3 0 0.46 1 2 0.55 4 ± 1 0.05
ET 20 PD 3 0 0 3 5 ± 0
ET 25 PD 3 2 0 5 5 ± 0

Subgroups by 
type of ET

Nonaccommodative ET 7 2 1.00 1 8 1.00 4.67 ± 0.71 0.54
Sensory ET 2 0 0 2 5 ± 0

Abbreviations: ET, esotropia; PD, prism diopter; SD, standard deviation; LI, lateral incomitance; PS, patient satisfaction.

Clinical Ophthalmology 2021:15                                                                                                   https://doi.org/10.2147/OPTH.S324517                                                                                                                                                                                                                       

DovePress                                                                                                                       
3673

Dovepress                                                                                                                                                          Lekskul et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


reveal any statistical significance in rate of lateral incomi
tance, as shown in Tables 4 and 5.

The mean (±SD) patient satisfaction scores (PS) 
assessed by using the 5 point-Likert scale were 4.12 ± 
0.97 and 4.73 ± 0.65 in XT and ET patients, respectively 
(p = 0.07). Patients with successful alignment had PS 
results of 4.46 ± 0.74, which is greater than PS from 
patients without (3.75 ± 0.35). However, the difference 
was not statistically significant (P = 0.17). PS from 
patients with lateral incomitance and patients without 
were similar (4.22 ± 1.09 VS 4.33 ± 0.88, p-value = 
0.76). PS from each subgroup classified by degree of 
deviation or type of strabismus were comparable, as dis
played in Tables 4 and 5. Other than lateral incomitance, 
no intraoperative or postoperative adverse events occurred 
in any of the patients.

Univariate analysis was performed to identify factors 
affecting surgical success, postoperative lateral incomi
tance and patient satisfaction. A list of variables included 
sex, age, follow up time, degree of deviation and type of 
strabismus. Continuous variables were converted to cate
gorical variables to simplify the data presentation and the 
analysis. The analysis as presented in Table 6 did not 
reveal any association with statistical significance; there
fore, no subsequent multivariate analysis was performed.

Discussion
ULR for small-angle exotropia appear frequently in litera
ture with various surgical dosages and surgical outcomes. 
Previous noncomparative studies concluded that ULR is 
effective, with success rates ranging from 73% to 
100%,9,10,12,13,15,17,19–23 whereas one study showed poor 
surgical outcomes with a success rate of 36%, a 63% 
recurrence rate and 1% overcorrection rate.33 Several 
authors reported that ULR surgical results were acceptable 
and comparable to bilateral lateral rectus recession (BLR) 
or URR.16,30–32 Conversely, another study comparing ULR 
with URR revealed more successful alignment with URR 
for XT 20 PD at 2 years post-surgery; however, one third 
of URR patients remained overcorrected up to 6 months 
post-surgery and the overall rate of overcorrection in URR 
was higher than ULR.34 One investigator reported similar 
outcomes between ULR as the first vs second procedure 
for XT 15–20 PD.36 In our study, all patients were oper
ated by a single surgeon using the same technique with 
a fixed formula for the surgical dosage and the results were 
evaluated prospectively. Satisfactory alignment was 
obtained in 19 (76%) of the patients with 15–25 PD of 
exodeviation, with a median (IQR) follow-up of 3, 3–3 
months. The surgical results appeared comparable among 
patients with XT 15, 20, and 25 PD who underwent ULR 

Table 6 Results of Univariate Analysis to Identify Factors Affecting Outcomes

Successful Alignment Postoperative LI PS by the 5 Point- 
Likert Scale

Success 
(n)

Failure 
(n)

p-value Cases 
(n)

Noncases 
(n)

p-value Mean ± SD p-value

Sex Female 25 6 0.31 7 24 0.58 4.41 ± 0.76 0.06
Male 3 2 2 3 3.6 ± 1.52

Age 18–30 years 14 4 0.183 4 14 0.60 4.22 ± 0.94 0.06
31–40 years 7 4 4 7 4 ± 1

>40 years 7 0 1 6 5 ± 0

Follow up time 3–6 months 23 7 1.00 8 22 1.00 4.2 ± 0.97 0.30
> 6 months 5 1 1 5 4.9 ± 0.52

Subgroups by 
amount of 

deviation

15 PD 9 2 0.78 3 8 1.00 4.27 ± 1.10 0.97
20 PD 9 2 3 8 4.27 ± 0.79

25 PD 10 4 3 11 4.35 ± 0.93

Subgroups by 

type of 

strabismus

Constant XT 4 2 0.94 1 5 0.68 4.5 ± 0.55 0.44

Intermittent XT 12 3 5 10 4.06 ± 0.96

Nonaccommodative ET 7 2 1 8 4.67 ± 0.71
Sensory strabismus 5 1 2 4 4.16 ± 1.33

Abbreviations: PD, Prism diopter; XT, Exotropia; ET, Esotropia; SD, STANDARD deviation; LI, Lateral incomitance; PS, Patient satisfaction.
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of 8, 9, and 10 mm, respectively (p = 0.99). The success 
rate in our study was superior compared to some published 
data, possibly owing to greater surgical dosage. Each pre
vious published study used different amounts of recession, 
and in the majority of the studies, the amount was less than 
in our study. Only one study comparing surgical outcomes 
following the different degrees of recession revealed that 
9 mm is preferred for XT 20 PD, which is the same 
number as in our study.29 Moreover, inconsistent surgical 
outcomes between studies was likely caused by different 
inclusion criteria, definition of success, follow-up time, 
demographic backgrounds, and variable surgeon technique 
and experience.

One of the major advantages of ULR is the small percen
tage of overcorrection. Consecutive ET after strabismus sur
gery may lead to intolerable diplopia and loss of stereopsis, 
requiring further intervention. Several authors also reported 
no overcorrection or at least noted overcorrection only in the 
early postoperative period, which disappeared over 
time.9,10,12,16,20,21,29–32 Consecutive ET following ULR was 
reported in some studies at a low rate ranging from 1% to 
10% of the patients.12,15,17,19,22,33,34 In our study, we saw no 
patients with overcorrection in the early postoperative period 
and in the most recent follow-up examination, which reflects 
the particular advantage of ULR. We saw minimal difference 
in alignment from the early postoperative period to the last 
examination. Several studies reported small degrees of exo
drift from the immediate postoperative period to the most 
recent follow-up examination.10,13,16,21,30,31,34 Therefore, 
significant changes in early versus late alignment should 
not be expected following ULR.

Lateral incomitance is a possible complication after 
ULR. This complication was not observed in any patients 
undergoing ULR in several studies.10,16,19–21,29,30,33 

Notably, there was a recommendation that a single lateral 
rectus should not be recessed more than 9 mm due to the 
risk of lateral incomitance;15 however, one study revealed 
no lateral incomitance following ULR of up to 10 mm.22 

In some patients undergoing ULR exceeding 9 mm, this 
complication was noted only in the early postoperative 
period, which decreased with time, and disappeared 2–4 
months after surgery.31,32 The low incidence of lateral 
incomitance after ULR can be explained by the long arc 
of contact of the lateral rectus muscle and the position of 
functional equator that is posterior to the anatomical 
equator.10 In our study, postoperative lateral incomitance 
was observed after ULR at a rate of 32% in the early 
postoperative period and at the final examination. Despite 

the considerable number of patients with lateral incomi
tance, all incidences of lateral incomitance following ULR 
constituted mild abduction limitation that remained stable 
throughout the study period. Although one patient reported 
diplopia when gazing toward the operated eye in the early 
postoperative period, the diplopia eventually completely 
resolved 3 months after surgery. This incomitance was 
considered functionally and cosmetically acceptable, with 
the patient scoring 4/5 points on the Likert scale. 
According to previous evidence and our findings in the 
present study, postoperative lateral incomitance after ULR 
was not a major problem and may disappear with time.

Recession of the unilateral medial rectus as 
a management for small-angle esotropia has been investi
gated with different surgical dosages ranging from 4 to 8 mm, 
and resulted in success rates between 63.3% and 
100%.11,14,17,18,23–28 In our study, successful results were 
achieved in 9 (81.81%) patients with 15–25 PD esodeviation 
which is consistent with most published studies. ET 25 PD 
patients who underwent UMR of 7 mm achieved the lowest 
rate (60%) of successful alignment but the difference was not 
statistically significant compared to the ET 15 and 20 PD 
patients (p = 0.46). One study assessed the outcomes of 
unilateral and bilateral medial rectus recession (BMR) and 
reported that the shifting deviation per millimeter of reces
sion following UMR was substantially smaller than that 
achieved after BMR.27 The authors concluded that the results 
of UMR were predictable and should be considered using 
with ET ≤ 25 PD.

A notable feature of UMR is the low rate of over
correction. Consecutive XT following UMR was described 
in some studies at low rates ranging from 0.8% to 
9%,17,24,27,28 while other studies reported no 
cases.11,14,18,26 Late overcorrection was observed at the 
final examination but not in the early postoperative period 
in one patient from a total of 49 patients.25 In our study, no 
overcorrection was detected in any of the patients from 2 
weeks post operations until the last visit.

It is important to note that UMR for ET has been 
ongoingly debated. One of the reasons behind this con
troversy is the concern regarding lateral incomitance. 
Several studies involving < 7 mm UMR reported no post
operative lateral incomitance,25,26,28 while a large (7– 
8 mm) UMR resulted in some adduction limitation; how
ever, this was not considered clinically significant.24 One 
investigator reported lateral incomitance following 5 mm 
UMR in 2 of 10 patients with ET 15–28 PD.18 In our 
study, 1 of 11 UMR patients showed lateral incomitance 
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that disappeared 3 months after surgery. This patient 
underwent 5.5 mm UMR, while other patients undergoing 
≥ 5.5 mm of recession did not develop lateral incomitance.

One-muscle instead of two muscle procedures have the 
benefit of shorter operative and anesthesia times, less 
incisional scarring, more preserved anterior segment cir
culation due to less interference to the anterior ciliary 
artery within the rectus muscles and lower surgical com
plications, such as bleeding, globe perforation, retinal 
detachment, and endophthalmitis. Our study revealed the 
effectiveness of this procedure for both 15–25 PD of XT 
and ET without overcorrection. Although some patients 
were undercorrected, further intervention can be per
formed on more untouched muscles compared with two- 
muscle surgery. In fact, one muscle recession yielded high 
patient satisfaction in terms of cosmetic and functional 
aspects of the eyes after surgery. The dosage of one muscle 
recession in this study is equal to or slightly less than the 
summation of total recession from the standard formula for 
bilateral recession. For example, for a patient with XT 15 
PD, the proposed dosage for ULR is 8 mm and the stan
dard formula dosage for BLR is 4 mm, therefore the 
amount of ULR from the proposed dosage (8 mm) is 
equal to the summation of BLR (8mm from 4mm right 
lateral rectus recession and 4 mm left lateral rectus reces
sion) from the standard formula. As another example, the 
proposed dosage for ULR is 9 mm and the standard for
mula dosage for BLR is 5 mm for a patient with XT 20 
PD, therefore the amount of ULR from the proposed 
dosage is slightly less than total recession (10 mm from 
5 mm right lateral rectus recession and 5 mm left lateral 
rectus recession) from the standard formula for BLR. Due 
to the dosage of one muscle recession being equal to or 
less than the total bilateral recession amount, the dosage of 
one muscle recession in this study might theoretically 
result in less deviation correction compared to bilateral 
recession from the standard formula. The surgical dosage 
of unilateral recession and URR could not be directly 
compared because the procedures are dissimilar. In XT 
patents, some studies reported comparable surgical results 
between ULR and BLR or URR,16,30–32 while one study 
shown superior successful outcome at 2 years in URR 
compared to ULR in XT 20 PD.34 Another disadvantage 
of unilateral muscle surgery, including unilateral recession 
and URR, is the risk of postoperative lateral incomitance 
while bilateral recession is unlikely to do so. In compara
tive studies between ULR and URR, one study showed 
2.4% of ULR patients having lateral incomitance 1 month 

after surgery which resolved by the 2nd month and none of 
URR patients had postoperative lateral incomitance.31 

Another study reported abduction limitation rate of 
16.2% in ULR group and 3% in URR group at one 
month; however, no abduction limitation from either pro
cedure persisted through 4 months.32 Several studies 
reported no lateral incomitance follow one muscle 
recession.10,16,19–22,25,26,28–30,33 The non-significance of 
lateral incomitance after one-muscle recession has been 
confirmed in previous articles18,24,31,32 and in our study. 
The comparable patient satisfaction scores between 
patients with postoperative lateral incomitance and 
patients without indicated that this complication might 
not be troublesome for patients. From the above discus
sion, we suggest that the advantages outweigh drawbacks, 
hence one-muscle recession can be used as a primary 
intervention for small-angle horizontal strabismus. 
Nevertheless, surgeons’ experience and preference play 
an important role in the decision to perform one-muscle 
recession since it is dependent on the procedure best suited 
for their practice.

The main strengths of this study are its prospective 
design and that all operations were performed by a single 
surgeon using the same method. The surgical dosage in 
this study was derived from the commonly used surgical 
number for strabismus surgery using a simple formula; 
therefore, this guideline is practical. Limitations in this 
study include relatively short follow up periods especially 
in ULR for XT which may have high long term recurrence 
rate,33 small number of patients, and noncomparative 
study design. Future studies with larger sample sizes, 
longer follow-up times, and a comparison group are 
needed to emphasize the efficacy of our proposed reces
sion amount used for one-muscle recession for 15–25 PD 
horizontal comitant strabismus.

Conclusions
One-muscle recession with a specific surgical dosage, as 
described in this article, is effective in managing patients 
with small-angle XT or ET. We observed a considerable 
rate of nonsignificant postoperative lateral incomitance 
following both ULR and UMR. Cosmetic and functional 
outcomes were satisfactory, according to the patients’ sub
jective grading. This procedure is safe and should be 
considered as a primary treatment for horizontal deviation 
of ≤ 25 PD.
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Standard deviation; IQR, Interquartile range; BLR, 
Bilateral lateral rectus recession; BMR, Bilateral medial 
rectus recession.
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