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INTRODUCTION

Retinal detachment (RD), with a yearly incidence of 1
per 10,000 persons (1), is a potentially blinding ocular dis-
order if left untreated (2). With the recently improved rates
of anatomic success with scleral buckling (SB) pro c e-
dures, more attention has been paid to improve postoper-
ative quality of vision (3).

It has already been shown that SB results in corneal de-
formation and induction of astigmatism. There are many
reports of high astigmatism following scleral buckling
leading to decreased visual acuity and metamorphopsia.
This astigmatism may not be tolerable for the patient even
with spectacle correction. 

Some authors believe the induced astigmatism is mild,
transient, and of no clinical significance; however, it may be

PU R P O S E. To evaluate corneal topographic changes and induced corneal astigmatism after
scleral buckling (SB).
ME T H O D S. This interventional case series includes all patients who had undergone scleral
buckling for rhegmatogenous retinal detachment (RRD) during a 1-year period. Patients
w e re divided into four groups according to type and extent of scleral buckling which de-
pended on the discretion of a retina specialist. Videokeratography was performed for all
patients preoperatively and repeated 1 and 3 months after SB.
RE S U LT S. Thirty-nine eyes of 39 patients (29 male, 74.7%) with mean age of 50.35±20 years
(range 13–80) were finally analyzed. There was no statistically significant difference among
the groups in terms of preoperative corneal astigmatism, surface regularity index (SRI), sur-
face asymmetry index (SAI), mean keratometry (mean K), and potential visual acuity (PVA ) .
Overall, preoperative mean K was 43.97±1.78 D, which reached 44.2±2.02 D and 43.92±2.16
D 1 and 3 months after the operation. Mean preoperative SRI was 0.58±0.4, which incre a s e d
to 1.24±1.18 and 1.29±1.13 1 and 3 months after the operation re s p e c t i v e l y. Mean pre o p e r-
ative SAI was 0.39±0.21, which increased to 0.73±0.37 and 0.75±0.66 1 and 3 months after
the procedure. Changes in SAI at 1 and 3 months following SB were significant (p values <
0.001); however, these postoperative values were not significantly different. Mean pre o p e r a-
tive PVA was 0.07±0.75 logMAR (equivalent to 20/20) but decreased to 0.24±0.25 (equiva-
lent to 20/30) and 0.27±0.29 (equivalent to 20/40) 1 and 3 months after SB, re s p e c t i v e l y. 
CO N C L U S I O N S. Significant changes in corneal topographic indices including increases in SRI
and SAI and a concomitant decrease in PVA may occur after SB procedures. These induced
changes must be considered and appropriately addressed postoperatively to provide the
best possible corrected vision. (Eur J Ophthalmol 2006; 16: 5 3 6- 4 1 )
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dex, Surface asymmetry index 
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RESULTS

During the mentioned period, 50 eyes of 48 patients
w e re initially enrolled. A total of 11 eyes were excluded
from final analysis due to altered surgical plan in five eyes,
retinal redetachment within the first postoperative months

Fig. 1 - Corneal topographic images before (A) and 1 month (B) and
3 months (C) after scleral buckling in a typical patient in Group A.

asymmetric, irre g u l a r, and result in visual deterioration (4, 5). 
Most previous studies were based on the results of re-

fraction and keratometry; however, since the Javal-type
keratometer evaluates only the central 3 mm zone, it may
not reflect changes in the whole corneal surface. In a study
of corneal topographic changes after SB, it was shown that
surface asymmetry index (SAI) and surface regularity index
(SRI) are increased initially after SB but gradually decre a s e
t h e re a f t e r. Best-corrected visual acuity improved with de-
c rease in SRI. These changes did not re g ress to baseline
values 6 months postoperatively  and the corneal surface
remained irregular and asymmetric (6).

This prospective study was conducted to evaluate
c o rneal topographic changes in subsets of patients under-
going surgery with diff e rent scleral buckling techniques. 

MATERIAL AND METHODS

This interventional case series includes all patients who
underwent scleral buckling for rhegmatogenous RD (RRD)
at Labbafinejad Medical Center from January 2003 to
February 2004. Patients with history of previous SB, any
ocular surgery during the past 6 months, and any corneal
disorder affecting videokeratography were excluded. 

Patients were divided into four groups according to re-
quired type and extent of SB which depended on the dis-
c retion of a retina specialist (S.M., A.M.) based on size,
number, and location of breaks, signs of PVR, aphakia or
pseudophakia, presence of high myopia, and extent of
lattice degeneration. Group A underwent 360º encirc l i n g
buckle and band, Group B received a segmental buckle
and an encircling band, meridional buckling was per-
formed for Group C, and Group D underwent segmental
circumferential buckling. 

Videokeratography (To m e y, Topographic Modulating sys-
tem, TMS-1 Computed Anatomy, New York) was performed
by a skilled technician for patients preoperatively and re p e a t-
ed 1and 3 months after SB. Maps were pre p a red in normal-
ized scale and interpreted by an independent observer (F. K ) .
The following corneal indices were evaluated on each map:
simulated keratometry (Sim k), mean keratometry (mean K),
SRI, SAI, potential visual acuity (PVA). 

C o r responding corneal indices Sim k, mean K, SRI, SAI,
P VA) were evaluated in each session and PVA was changed
into logMAR for better comparison with other examination
sessions and then statistical analyses were performed and p
values less than 0.05 were considered significant.
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in two eyes, incomplete follow-up in three eyes, and
death of one patient in one eye. Eventually 39 eyes of 39
patients with complete follow-up were allocated in four
groups on the basis of the type of the required operation.

T h e re were 29 male (74.4%) and 10 female (25.6%) sub-
jects with mean age of 50.35±20 years (range 13–80 years).
T h e re were 3 eyes in Group A (Fig. 1), 30 eyes in Group B
(Fig. 2), 4 eyes in Group C (Fig. 3), and 2 eyes in Group D
(Fig. 4). Statistical analysis was not performed in Groups A,
C, and D because of the low number of cases and only
mean and standard deviation of corneal topographic in-
dices were determined in Group B. There was no statisti-
cally significant diff e rence among groups pre o p e r a t i v e l y, in
terms of cylinder, SRI, SAI, mean K, and PVA (in logMAR).

Overall, mean preoperative keratometry (mean K) was
43.97±1.78 D, which reached 44.2±2.02 D and

43.92±2.16 D 1 and 3 months after the operation. No sta-
tistically significant diff e rences were observed between
any of these values (Tab. I).

Overall, mean preoperative SRI was 0.58±0.4, which in-
creased to 1.24±1.18 and 1.29±1.13 1 and 3 months after
the operation, respectively. There were statistically signifi-
cant diff e rences between the preoperative and 1 month
postoperative SRI and also between the preoperative and
3 months postoperative SRI (p values, 0.004 and 0.003,
respectively) but there was no significant diff e rence be-
tween the 1 and 3 months postoperative values (Tab. II).

Overall mean preoperative SAI was 0.39±0.21, which in-
c reased to 0.73±0.37 and 0.75±0.66 1 and 3 months after
the pro c e d u re. Changes in SAI 1 and 3 months following
SB were significant (p values<0.001); however, the diff e r-
ence between these postoperative values was not signifi-
cant (Tab. III).

Mean preoperative PVA (logMAR) was 0.07±0.75 (equiv-
alent to 20/20) but decreased to 0.24±0.25 (equivalent to
20/30) and 0.27±0.29 (equivalent to 20/40) 1 and 3
months after SB, re s p e c t i v e l y. The diff e rences between
preoperative PVA and both postoperative values were sig-
nificant (p value = 0.001) but no significant difference was
present between the postoperative PVAs (Tab. IV).

Preoperative topographic patterns included the follow-
ing: geographic (4 eyes), irregular (2 eyes), oval (5 eyes),
asymmetric bowtie (12 eye), symmetric bowtie (9 eyes),
round (4 eyes), and nonspecific (3 eyes). The topographic
p a t t e rn did not change significantly postoperatively in 8
eyes. However, the following changes were observed as
follows: symmetric to asymmetric bowtie (5 eyes), asym-
metric to symmetric bowtie (3 eyes), oval to symmetric

Fig. 2 - Corneal topography maps in a typical patient in Group B before (A) and 3 months after scleral buckling (B).

Fig. 3 - Difference map topography of before (A) and 1 month after
scleral buckling (B) in a patient in Group C.
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bowtie (4 eyes), and oval to round (one eye). Nonspecific
changes were observed in the remaining 18 eyes.

In Group B, out of 14 eyes with buckle extension of 0 to
90 degrees, steepening in the buckle area in seven eyes
and flattening was observed in one eye. 

In 12 eyes with buckle extension of 90–180 degre e s ,
steepening (3 eyes) and flattening (1 eye) occurred in the
buckle area.

DISCUSSION

The ophthalmologist is often confronted by less than
expected visual acuity despite apparent anatomic suc-
cess following scleral buckling procedures. Apart from the
possibility of photoreceptor degeneration secondary to
c h ronicity of RD, another possible explanation could be
irregular astigmatism induced by the procedure. 

TABLE I - COMPARISON OF MEAN K IN DIFFERENT SUBGROUPS

Mean K Preoperative Postoperative mean ± SD
group mean ± SD 1 mo 3 mo

All patients 43.97 ± 1.78 44.20 ± 2.02 43.92± 2.16
Group A 43.88 ± 0.94 44.11 ± 0.24  44.46 ± 0.50
Group B 44.07 ± 1.74 44.28 ± 2.06 44.00 ± 1.76
Group C 43.26 ± 3.02 43.66 ± 3.13 43.06 ± 4.56
Group D 44.26 ± 0.38 44.8 ± 0.05 44.6 ± 0.35

Mean K = Mean keratometry

TABLE II - COMPARISON OF SRI IN PATIENT SUBGROUPS

SRI Preoperative Postoperative mean ± SD
group  mean ± SD   1 mo 3 mo  

All patients 0.58 ± 0.40 1.24 ± 1.18* 1.29 ± 1.13*
Group A 0.62 ± 0.32 0.86 ± 0.24 0.72 ± 0.13
Group B 0.53 ± 0.40 1.28 ± 1.27* 1.21 ± 1.20*
Group C 0.86 ± 0.50 1.36 ± 1.19 2.16 ± 2.17
Group D 0.42 ± 0.74 0.37 ± 0.0 0.69 ± 0.04

p Values in comparison with preoperative measurement. *Paired t test p<0.05. SRI = Surface Regularity Index

TABLE III - COMPARISON OF SAI IN PATIENT SUBGROUPS

SAI group Preoperative Postoperative mean ± SD    
mean ± SD 1 mo 3 mo  

All patients 0.39 ± 0.21 0.73 ± 0.37* 0.75 ± 0.66*
Group A 0.32 ± 0.08 0.90 ± 0.10 0.68 ± 0.34
Group B 0.38 ± 0.22 0.72 ± 0.36* 0.81 ± 0.73*
Group C 0.51 ± 0.52 0.69 ± 0.66 0.50 ± 0.34
Group D 0.37 ± 0.06 0.37 ± 0.0 0.48 ± 0.09

p Values in comparison with preoperative measurement; *Paired t test p<0.05; = SAI Surface Asymmetry Index

TABLE IV - COMPARISON OF CORNEAL PVA IN PATIENT SUBGROUPS

PVA group Preoperative mean ± SD  Postoperative mean ± SD   
1 mo 3 mo  

All patients 0.07 ± 0.75 0.24 ± 0.25* 0.27 ± 0.29*
Group A  0.08 ± 0.05 0.13 ± 0.10 0.15 ± 0.00
Group B 0.05 ± 0.06 0.25 ± 0.27* 0.26 ± 0.26*
Group C 0.15 ± 0.10 0.28 ± 0.27 0.43 ± 0.44
Group D  0.02 ± 0.03 0.05 ± 0.00 0.12 ± 0.07

p Values in comparison with preoperative measurement.; *Paired t test p<0.05;  PVA = potential visual acuity (PVA) in logMAR
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T h e re have been many studies reporting changes in
c o rneal curvature and induction of postoperative astigma-
tism following scleral buckling (6). Since the invention of
c o rneal topography and refinement in its software, the re-
sults of corneal topographic studies following scleral buck-
ling have not been consistent. Some studies have shown
the astigmatism following SB to be transient and clinically
insignificant (6, 7); however, others have noted persistent
changes for 6 months or more. This induced astigmatism
may be irre g u l a r, asymmetric, and not correctable with
spectacles, leading to a decrease in best-corrected visual
acuity (6).

In the current study, changes in corneal astigmatism,
SRI, SAI, mean keratometry, and PVA were evaluated af-
ter scleral buckling stratified according to the type of
buckling. Meanwhile the effect of surgery on corn e a l
topography pattern was studied. The methodology, pa-
tients, topography software, and the evaluated variables
were similar to previous studies. 

The SRI and SAI, which are criteria for corneal surface
symmetry and regularity of the TMS-1 topographic soft-
w a re, have been used for evaluation and follow-up of
changes after scleral buckling in some studies. In the
Hayashi study, the amount of SRI and SAI increased after
SB and did not regress up to 6 months after the operation
(6, 8). On the other hand, in the Dominz et al study, these
variables had a significant rise for 1 week after the opera-
tion and decreased afterwards (9). In the Tomidokoro et al
study, astigmatism irregularity was increased significantly
during the first week after the operation, but decre a s e d
a f t e r w a rds and finally had no significant diff e rence fro m
preoperative values (3).

In our study, the amount of astigmatism increased after
surgery and did not regress to the preoperative level after
3 months. SRI and SAI were also increased in all patients
reflecting corneal surface irregularity. Changes in SRI and
SAI after scleral buckling re p resent alterations of the
corneal surface and therefore changes in overall refractive
astigmatism, which may decrease potential visual acuity
to variable degrees; the irregular nature of these alter-
ations makes spectacle correction difficult. Increased SRI
and SAI values are probably due to discrepant rates of
buckle pressure over the sclera. Variable distances of the
buckle to the limbus may have a non-uniform effect on
the cornea, resulting in reduced corneal regularity and
sphericity.

Conventional keratometry is of limited value in the eval-
uation of corneal surface changes after scleral buckling.
In the Tomidokoro et al study, mean keratometry showed
significant increase during the first week after SB but re-
g ressed to insignificant values at the end of the first
month (3). Similar results were observed in our patients 1
month after surg e r y. However, in both studies corn e a l
topography documented significant corneal changes after
s u rg e r y, while mean keratometry among various gro u p s
and at different follow-up intervals showed no significant
change. Stability of keratometric changes is probably due
to barrier effect of limbus on corneal curvature: scleral in-
dentation secondary to buckle effect causes corn e a l
steepening in a certain meridian; however, due to the cou-
pling effect of cornea, compensatory flattening of another
meridian results in a stable mean keratometry. 

PVA has been discussed only in the Dominz et al
s t u d y, which reported a significant decrease within the

Fig. 4 - Corneal topography maps of a patient in Group D comparing before (A) to 3 months after operation (B).
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first week with gradual improvement 1 to 3 months fol-
lowing surgery (9).

S i m i l a r l y, in the current study mean PVA showed a sig-
nificant decrease in all patients in various SB groups and
did not re t u rn to preoperative levels up to 3 months fol-
lowing surg e r y. Since estimation of corneal potential vi-
sual acuity is based on SAI and SRI, the resulting de-
c rease in PVA secondary to alterations in these indices
is not unexpected.

Categorization of the extent of scleral buckling similar
to our study was not performed in previous re p o r t s .
Considering the overall topographic pattern, steepening
in the buckle area was observed in 30% of patients in
G roup B (segmental circ u m f e rential buckle with encir-
cling band); the corresponding figure in the Hayashi et al
study was 61%. This diff e rence in corneal steepening
could be due to diff e rence in suturing technique and
tension. In our study among this subgroup of patients
( G roup B) increased steepening in the area of buckle
was observed in 50% and 25% of eyes with buckle ex-
tension of 90 and 90–180 degrees, re s p e c t i v e l y. These
findings showed that the chance of corneal steepening
d e c reases with increasing extension of buckle over
globe circ u m f e rence. This inverse relation is pro b a b l y
due to propagation of forces over more extensive are a ,
resulting in less steepening. 

P revious studies have not evaluated the possibility of
p redicting corneal topographic changes after scleral
buckling. In the current study no correlation was found

between the overall topographic patterns before and after
SB. This means that one may not be able to pre d i c t
c o rneal changes or the overall topographic pattern after
surgery according to preoperative pattern and the extent
of the buckle.

CONCLUSIONS

Significant changes in corneal topographic indices in-
cluding increases in SRI and SAI and a concomitant de-
crease in PVA may occur after SB procedures. Induction
of irregular astigmatism may significantly affect perfor-
mance. With the refinements in scleral buckling methods
and increased rates of anatomic success, induced
c o rneal topographic changes must be considered and
a p p ropriately addressed postoperatively to provide the
best possible corrected vision. 
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