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Introduction

Ocular misalignment among adults differs significantly from 
pediatric strabismus, a well-characterized disorder, in which 
esotropia, exotropia, and hypertropia occur with similar fre-
quency (1). The prevalence of strabismus ranges from about 
3% to 5% (2–4). Its etiology is complex, being influenced 
by heredity and environmental factors. Chen et al. studied 
preschool children in Eastern China and found 5.65% stra-
bismus prevalence (5, 6).

The ocular response analyzer (ORA) (Reichert Oph-
thalmic Instruments, Buffalo, USA) has been used to com-
pensate for the corneal effects on IOP measurements by 
providing new measurements of corneal tissue properties. 
For many years, the ORA measures corneal hysteresis (CH), 
which is a measure of the viscous dampening properties of 

the cornea and the corneal resistance factor (CRF). The CRF 
is the measure of the overall resistance of the cornea (7).
The impact on CH and CRF of treatment-related structural 
changes of the cornea, those changes occurring after refrac-
tive surgical procedures, placement of intracorneal rings, and 
collagen crosslinking as well as the pathological changes of 
the cornea (e.g., those resulting from keratoconus, edema, 
and glaucoma) has also been discussed (8, 9).
Astigmatic changes after routine strabismus surgery have 
been reported and most of the studies shown that these 
changes were non-significant and persistent (10). These 
changes indicate a change in corneal shape. Corneal biome-
chanical changes were also suspected and investigated after 
some scleral procedures but not after strabismus surgery. 
Strabismus surgery is performed on the sclera, and changes 
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of scleral rigidity may affect corneal biomechanical changes.
In this study, we aimed to evaluate the changes in corneal 
biomechanical properties following strabismus surgery.

Methods

This retrospective, observative study reviewed the records 
of the patients who underwent strabismus surgery between 
April 2013 and January 2014 and consecutive patients were 
selected; during this period, the study adhered to the tenets 
of the Declaration of Helsinki, and the study protocol was 
approved by the Hospital’s Institutional Review Board.

To be included in the study, each patient was required to 
meet all of the following criteria: Age between 5 and 18 years 
and minimum follow-up time of 6 months. Patients were not 
included in the study if they were contact lens wearers, had 
previous intraocular or extraocular surgery, had any corneal 
disease such as keratoconus, or had corneal dystrophies or 
corneal scars. Only the patients who underwent uneventful 
horizontal muscle recession or resection of one extraocular 
muscle were included in the study. Patients were classified as 
Group 1 (recession) or Group 2 (resection).

Data collected from the patients’ records included age, 
gender, visual acuity, and cycloplegic refraction.

Information on the affected eye and the findings from 
the performed surgery were recorded at the baseline, and 
an evaluation of the corneal biomechanical properties us-
ing the ORA was performed and recorded at baseline and 
month 6. The ORA was used to measure CH and the CRF 
with the use of a patented applanation two-way dynamic 
system (7).

All patients underwent a standardized examination in 
which a measurement of visual acuity was determined using 
a Snellen chart with a “tumbling E” and expressed with its 
decimal equivalent. Cycloplegic refraction was carried out 
in all eyes, either with an Auto Refractometer (KR-8800) 
or a handheld autorefractor (Retinomax K-Plus 3). Cyclo-

plegic spherical equivalent refraction values were used for 
statistical analysis in all cases. Finally, a biomicroscopy and 
biomicroscopic fundus examination was performed.

Surgical Technique

All procedures were performed between April 2013 and Jan-
uary 2014 by two surgeons at the same center (BG, EDA). 
Conjunctival limbal incision was made related muscle area. 
After the muscle is hooked and muscle was cleared of ad-
herent tissues. A resection or recession procedure was per-
formed.

Statistical Data Analysis

The data analysis was carried out with the SPSS software 
version 15.0 (SPSS, Inc., Chicago, IL, USA). The data were 
classified as mean±standard deviation. For analyzing the age, 
sex descriptive statistics was utilized. For comparison in the 
pre- and post-surgery values, the Wilcoxon signed-ranks 
test was applied. P<0.05 was considered to be statistically 
significant. 

Results

A total of 67 eyes from 67 patients were included in this 
study. 34 (50.7%) were from male subjects and 33 (49.3%) 
from female subjects. The mean age of the subjects was 
13.3±4.8 years (range 5–18 years). 34 (50.7%) of the eyes 
were right and 33 (49.3%) eyes were left. The follow-up pe-
riod was a minimum of 6 months.

35 (52.2%) patients (mean age: 11.3) performed recession 
(Group 1) and the other 32 (47.8%) patients (mean age: 15.2) 
performed resection (Group 2) horizontal strabismus surgery. 
Our patients’ mean axial length was found to be 23.2±1.8 mm.
ORA parameters of pre- and post-operative are shown in 
Tables 1 and 2. Pre- and post-operative CRFs were showed 
statistically significant differences in Groups 1 and 2.

ORA parameters  Group 1 (n=35)   Group 2 (n=32)

 CH  CRF CH  CRF

 Min–max   Min–max Min–max  Min–max

 (mean±SD)  (mean±SD) (mean±SD)  (mean±SD)

Pre-operative (mmHg) 7–16.8  7.2–16 4.9–15.2  3.6–14

 (11.7±2.4)  (11.5±2.3) (10.8±2.9)  (10.4±2.7)

Post-operative (mmHg) 7.6–17.2  8.4–17.1 8.1–16.6  7.1–16.3

 (12.3±2.5)  (12.4±2.4) (12.1±2)  (12±2.2)

p 0.07  0.023 0.009  0.001

CH: Corneal hysteresis; CRF: Corneal resistance factor; min: Minimum; max: Maximum; ORA: Ocular response analyzer.

Table 1. Pre- and post-operative ORA parameters
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Discussion

Hysteresis (CH), a parameter that characterizes the biome-
chanical condition of the cornea, is the result of the ocular 
resistance caused by the combined effects of corneal thick-
ness, ocular rigidity, and its biomechanical properties. CRF is 
considered a good indicator of the cornea’s total viscoelastic 
response and an indicator of the overall “resistance” of the 
cornea (9).

Corneal refractive surgery is the most frequently surgery 
which is investigated by corneal biomechanical effects. Changes 
in corneal tissue after refractive surgery have been reported 
in the literature (10–13). Many studies were reported stat-
ing reduced IOP readings after corneal refractive surgery. It is 
believed, as an indirect evidence of a change in biomechanical 
properties in the cornea, decreased to IOP after refractive 
surgery (measured IOP rather than true IOP) (14–16).

Shah et al. study (12) addressed the differences in biome-
chanical properties in hyperopic eyes compared to myopic 
eyes following refractive surgery. They found that CH and 
CRF were found to decrease after both myopic and hyperopic 
refractive surgeries. A study of Chen et al. (11) assessed the 
correlation between corneal biomechanical properties and 
surgical parameters in myopic patients before and after laser 
in situ keratomileusis (LASIK). They revealed that changes in 
CH and CRF after LASIK suggest alteration in corneal biome-
chanics correlating with attempted correction. The CRF pa-
rameter may be more useful than the CH parameter in assess-
ing biomechanical changes resulting from LASIK (11).

Strabismus surgery is performed mainly on ocular mus-
cles and scleral tissues. Sclera is histologically closely related 
to corneal tissue, and together with cornea, they form a 
closed system. Thus, corneal biomechanical changes may 
occur after scleral procedures. Strabismus surgery is per-
formed adjacent to the cornea and can possibly lead to 
changes in the viscoelastic properties of the cornea. Some 
biomechanical changes have been reported after scleral pro-
cedures, but such a relationship has not been investigated 
for strabismus surgery before (17). Two studies have inves-
tigated the effects of scleral procedures on corneal biome-

chanical properties before Seymenoğlu et al. (18) who evalu-
ated 23-gauge transconjunctival sutureless vitrectomy (23-G 
TSV) and Ruiz-De-Gopegui et al. (19) who investigated the 
effects of encircling scleral buckle (SB).

Seymenoglu et al. (18) reported that, in surgeries using 
23-gauge transconjunctival sutureless vitrectomy (23-G TSV), 
there is a significant difference in mean CH between pre-op-
erative and 1-month post-operative measurements. 3 months 
after the surgery, they found that there were no statistically 
significant differences compared to pre-operative values.

The length of the ocular circumference is shortened in 
the area of the buckle implant, and the volume of the vit-
reous cavity diminished after scleral buckle (20–22). De-
Gopegui et al. (19) investigated the effects of encircling 
SB on the corneal biomechanical properties of the cornea 
and their morphological parameters. This study showed to 
mean CH diminished significantly from 10.2±1.7 mmHg to 
7.6±1.1 mmHg after PPV/SC (p=0.003, Wilcoxon test) but 
not after the independent PPV (9.8±3.2 mmHg vs. 11.6±2.7 
mmHg, p=0.465, Wilcoxon test). The CRF did not change 
significantly after surgery in any of the groups/the corneal 
morphology parameters measured before and after surgery 
in both groups. Neither the PPV/SC group nor the indepen-
dent PPV group exhibited significant changes in these param-
eters after surgery (p>0.05).

In our study, we found statistically significance between 
pre- and post-operative CRFs in two groups. CRF is a mea-
surement of corneal resistance that is relatively independent 
of IOP, and our study shows that CRF could have affected 
the scleral changes. This result was similar and it was sup-
ported by Chen et al. study.

Our study supports these previous studies and the view 
that scleral procedures may have an effect on corneal biome-
chanical structure. When strabismus surgery is considered, 
muscle tension changes on sclera may be the major reason 
of corneal changes and it has been shown that strabismus 
surgery results in a mild but persistent change in corneal 
astigmatism (17). Other effects of strabismus surgery such 
as segmental changes in the ciliary body circulation and the 
wound healing in the area of the scleral adhesion of extraoc-

Table 2. Pre- and post-operative ORA parameters

ORA parameters  Group1 (n=35)   Group 2 (n=32)

 CH  CRF CH  CRF

 Mean±SD  Mean±SD Mean±SD  Mean±SD

Pre-operative (mmHg) 11.7±2.4  11.5±2.3 10.8±2.9  10.4±2.7

Post-operative (mmHg) 12.3±2.5  12.4±2.4 12.1±2  12±2.2

p 0.07  0.023 0.009  0.001

CH: Corneal hysteresis; CRF: Corneal resistance factor; ORA: Ocular response analyzer.
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ular muscles may also affect the globe rigidity (20–22).
Limitations of our study were the short follow-up time 

and the wide age range.

Conclusion
This is the first study aimed to assess the corneal biome-
chanical changes after strabismus surgery. It supports the 
view that surgeries performed on ocular structures in very 
close proximity to cornea may also have an effect on CH and 
CRF measurements. This effect may not be considered clini-
cally significant in most of the cases. However, CH and CRF 
are evaluated to investigate a variety of corneal pathologies 
and procedures. Thus, the presence of such a relationship 
may have an impact on evaluating results of CH and CRF 
in such cases. Studies with large sample size should be per-
formed to confirm our findings.
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