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INTRODUCTION

During the past several years, our Retina Service and others(1) have
continued to use primarily solid implants with encircling bands. Only occa-
sionally episcleral silicone rubber sponges are utilized. Changes in refrac-
tion are frequent after retinal detachment surgery. The surgical technique
used appears to influence these changes. Hyperopia(2) and hyperopic astig-
matism may occur presumably by shortening the anteroposterior axis of the
globe after scleral resections(1). Scleral buckling procedures employing an
encircling band generally are expected to produce an increase in myopia
and myopic astigmatism(1,3). Some authors(1,3-4) have reported the develop-
ment of high degrees of irregular astigmatism that persist over six months
following the implantation of radially oriented episcleral sponges, but
others have not found astigmatic changes(5-6).

A prospective study was designed to compare the refractive changes
after three different types of scleral buckling surgery. We particularly
examined if the induced changes in the corneal shape and refractive astigma-
tism differed because of the type of scleral buckling procedure performed.

METHODS

A total of 100 eyes from 100 patients, 59 male and 41 female, with a mean
age of 52 years (range, 18 to 79 yr) underwent scleral buckling surgery to
treat rhegmatogenous retinal detachment. Surgeries were performed from
March 1995 to August 2001 by one of the authors (JJNJ). According to the
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Refractive changes after scleral buckling surgery

Purpose: A prospective study was conducted to compare the refractive
changes after three different types of scleral buckling surgery. Methods:
A total of 100 eyes of 100 patients were divided into three groups according
to the type of performed buckling procedure: Group 1, encircling scleral
buckling (42 patients); Group 2, encircling with vitrectomy (30 patients);
Group 3, encircling with additional segmental buckling (28 patients).
Refractive examinations were performed before and at 1, 3 and 6 months
after surgery. Results: Changes in spherical equivalent and axial length
were significant in all 3 groups. The amount of induced astigmatism was
more significant in Group 3. No statistically significant difference was
found in the amount of surgically induced changes between Groups 1 and
2, at any postoperative period. Conclusions: All three types of scleral
buckling surgery were found to produce refractive changes. A correlation
exists between additional segments and extent of refractive changes.
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type of buckling procedure, the patients were divided into
three groups: Group 1, encircling scleral buckling (42 pa-
tients); Group 2, encircling with vitrectomy (30 patients);
Group 3, encircling with additional segmental buckling (28
patients), (Tab. 1). Ophthalmic examinations were performed
before and at 1, 3 and 6 months after surgery.

Preoperative examinations included personal medical ocu-
lar history, vision and anatomic status of the fellow eye, best
spectacle corrected visual acuity (BSCVA), corneal topogra-
phy, keratometry, manifest and cycloplegic refraction, tono-
metry, slit-lamp microscopy, specular microscopy, A-scan
echographic measurement of the axial length and a detailed
fundus examination with the indirect binocular ophthalmosco-
pe and scleral depression. Preoperative refractive error was
taken from the patient’s latest prescription in cases where
refraction measurement was not possible. All examinations
were performed on both eyes at each visit, thus enabling
analysis of the reproducibility and consistency of the techni-
ques by providing a control group for the non-study eyes.

Informed consent was obtained from all patients after they
received a detailed description of the surgical procedure and
its known risks.

The scleral buckling techniques used in this study are
described as follows. The scleral buckling elements used were
3 or 5.5 X 7.5 mm half-thickness sponges (Mira 504 and 507,
Mira Inc, Waltham, MA) for radial buckling procedures and
hard silicone elements, including a 0.75 X 2.5 mm band (Mira
240) to encircle the globe and 2.5 X 9 mm circumferential
segmental elements (Mira 276). A single double-armed 4-0
black suture with 8 mm suture bites was used for radial sponge
placement. The silicone sponge was sutured circumferentially
for the portions that corresponded to retinal tears and the
detachment area. The sutures usually were spaced 2.5 to 3.0
mm wider than the silicone sponges. The anterior edge of the
encircling band was routinely located 3 mm posterior to the
ora serrata, as judged by the location of the extraocular muscle
insertions and transillumination characteristics. As for en-
circling, the posterior edge of the hard silicone band was
located routinely 14 mm posterior to the surgical limbus. Mat-
tress sutures with 5-0 Mercilene (Ethicon Johnson-Johnson,
São Paulo, Brazil) were placed to groove the silicone elements.
The anterior suture bites for a circumferential scleral buckle
were taken along the line of the extraocular muscle insertions

(corresponding to the ora serrata). In quadrants where a groo-
ved element was not used, the encircling band was anchored
using partial-thickness scleral tunnels. The buckling elements
were indented so the external surface followed the usual con-
tour of the adjacent sclera. The ends of the band were secured
with a tantalum clip, usually just above the medial rectus
muscle in the superonasal quadrant. The anterior portion of
the superior oblique tendon insertion was trimmed when ne-
cessary to facilitate placement of a scleral buckle in the supe-
rotemporal quadrant. Cryopexy was performed routinely, with
CT 901 (Alimed-Tec - São Paulo - Brazil) around the sclera
corresponding to the retinal tears at an appropriate duration
placed under an operating microscope. The subretinal fluid
drainage was accomplished using either an endophotocoagu-
lator or a 26-gauge needle after the choroid was exposed by a
scleral dissection around 2.0 mm in length. A pars plana
vitrectomy was performed using a Vítreo Cirúrgico 101 AR
vitreous cutter (Micro Medicina, Goiânia, GO). The 1.0 mm
wide sclerotomies were made using a microvitreoretinal
(MVR) blade from 3.0 to 4.0 mm posterior to the surgical
limbus. The infusion line was sutured in the inferotemporal
sclerotomy during operation. After vitrectomy, octafluoropro-
pane (C3F8) was injected in all patients. Postoperatively, all
patients were placed on cycloplegics (tropicamide 1%) for
approximately 1 month. Cycloplegic and later manifest refrac-
tions were carried out during the whole postoperative period
during 6 months using the streak retinoscopy, trial frame, and
lenses. All cylindrical correction was converted to the minus
power. In aphakic patients, refraction was also carried out
over the patient’s aphakic glasses to maintain a similar vertex
distance. Aphakic patients, without spectacles or who wore
contact lenses, were refracted with a trial frame and the vertex
distance recorded.

A paired two-tailed t-test was used to compare preoperati-
ve and postoperative measurements. Data were computed as
mean ± standard deviation. Differences in continuous data
were analyzed by Student’s t-test. A P value < 0.05 was consi-
dered statistically significant.

RESULTS

The lens status was as follows: 65 phakic eyes, 2 aphakic
eyes, 23 pseudophakic eyes. In the latter group, there was a

Table 1. Patient demographic data
Groups Type of Procedure Number of patients Age (yr) Gender (M/F) Lens status*

1 Encircling scleral buckle 42 38 (±8) 29/13 P 38
PP 4

2 Encircling scleral buckle with vitrectomy 30 45 (±20) 14/16 P 12
PP 16

A 2
3 Encircling scleral buckle with 28 31 (±24) 16/12 P 25

additional segmental buckling PP 3
* P=Phakic, A=Aphakic and PP= Pseudophakic
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posterior chamber lens in all eyes with an intact posterior
capsule in 15 patients and a capsulotomy in 8 eyes. No eye
had anterior chamber intraocular lens. The macula was deta-
ched in 87 (87%) eyes.

The preoperative best-corrected visual acuity was 20/40
or better in 87 eyes (87%), 20/50 to 20/80 in 15 eyes (15%) and
20/100 or worse in 8 eyes (8%). Six months after surgery it
was 20/40 or better in 42 eyes (42%), 20/50 to 20/80 in 36 eyes
(36%), and 20/100 or worse in 22 eyes (22%).

The difference between preoperative and postoperative
refraction is compared between groups (Tab. 2, 3). Changes in
refraction occurred in all patients after the three different
types of scleral buckling surgery. These changes were usually
found at the first postoperative refraction 1 month after surge-
ry and persisted for up to 6 months. Statistical analysis did not
show significant difference between the results found at 3 and
6 months after surgery (Tab. 2). Also, there was no statistical-
ly significant difference in the amount of induced myopia
between phakic and aphakic eyes.

The mean spherical equivalent changed an average of
-1.00 D in the eyes with encircling scleral buckle (Group 1),
-1.50 D in the eyes with encircling scleral buckle plus vi-
trectomy (Group 2), and -2.93 D in the eyes with encircling
scleral buckle plus additional segments (Group 3). Changes in
the mean spherical equivalent were significant in all 3 groups
(P<0.002). No statistical significance was found between
Groups 1 and 2 (P=0.895), 1 and 3 (P=0.322) and 2 and 3
(P=0.253).

The mean change in refractive cylinder, as measured by
retinoscopy, was 0.11 D in Group 1, 0.07 D in Group 2, and 0.66
D in Group 3. The pattern of induced astigmatism as measured
by retinoscopy paralleled the keratometric findings. Both reti-
noscopy and keratometry demonstrated significant induced

astigmatism related to the use of additional segments, al-
though it was not influenced by the position of the scleral
dissection. The amount of induced astigmatism was more sig-
nificant in Group 3 (P = 0.000) (Tab. 3).

Regarding the axial length (Tab. 4), in this study we found
an average increase of 1.2983D in the refractive error and 0.53
mm in the axial length. There was an average increase of 2.45D
in spherical equivalent per each millimeter increase in axial
length. The axial length increased an average of 0.42 mm in
Group 1 (P =0.005), 0.62 mm in Group 2 (P =0.000), and 0.58 mm
in Group 3 (P =0.000). No statistical significance was found
between Groups 1 and 2 or 2 and 3 after surgery. A statistically
significant difference between groups 1 and 3 was found be-
fore surgery (P=0.052) and after surgery this difference was
higher (P=0.002).

Pearson correlation showed statistical significance
(P=0.000) between the increase in spherical equivalent and
axial length.

DISCUSSION

Postoperative changes in refraction are expected in the
majority of patients following surgical procedures for retinal
detachment. The surgical technique appears to influence
these changes(2). The episcleral-encircling buckle is utilized
frequently at our institution. The most severe cases of distor-
tion of the globe occur with additional segmental buckle.

Similar to other studies(3,7) our data show a change in the
refractive error after surgery. There was a tendency to induced
astigmatism and myopia after scleral buckling procedures
(Tab. 2, 3).

The probable mechanism for changing the refractive error
is elongation of the globe by the pressure of equatorial
band(2). However it may be possible to prevent an excessive
induced refractive error. Smiddy(3) found axial lengthening
and corresponding induced myopia. In this study, the correla-
tion between the increase in spherical equivalent and axial
length was high (P=0.000). Lancaster(8) states that an increase
of 1 mm in axial length corresponds to a refractive change of
2.5 to 3 D. In our patients, there was an average increase of
2.45 D of spherical equivalent per each increased millimeter in
axial length.

Most studies have found induced myopia after scleral
buckling surgery. The amount of increased axial length de-

Table 2. Mean (±SD) preoperative and postoperative spherical
equivalent

Time Group 1 Group 2 Group 3
Preoperative -1.00 (±3.68) -1.50 (±3.02) -2.93 (±2.60)
1 month -3.59 (±1.52) -2.92 (±3.00) -4.01 (±2.36)
3 months -2.95 (±1.71) -2.75 (±2.86) -3.73 (±1.85)
6 months -2.78 (±3.83) -2.67 (±3.40) -3.64 (±3.02)
p value 0.000 0.000 0.002
Student’s t-test p value < 0.05 was considered statistically significant.

Table 3. Mean (±SD) preoperative and postoperative refractive
 cylinder

Time Group 1 Group 2 Group 3
Preoperative -1.17 (±0.97) -0.84 (±0.74) -0.94 (±0.79)
1 month -1.73 (±1.11) -1.67 (±0.80) -1.98 (±1.58)
3 months -1.30 (±0.89) -1.06 (±0.47) -1.50 (±0.85)
6 months -1.28 (±1.06) -0.77 (±0.69) -1.50 (±1.06)
p value 0.175 0.526 0.000
Student’s t-test p value < 0.05 was considered statistically significant.

Table 4. Change in the mean axial length (mm) over time
Time Group 1 Group 2 Group 3
Preoperative 23.94 24.14 24.68
1 month 26.14 26.32 25.02
3 months 25.62 26.13 24.92
6 months 24.36 24.76 25.26
p value 0.005 0.000 0.000
Student’s t-test p value < 0.05 was considered statistically significant.
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pends on the height of encircling scleral buckle. The amount
of induced myopia has been reported to be greater in phakic
eyes than in aphakic eyes(3,5). This is explained by an anterior
displacement of the lens and optical considerations from
refraction at spectacle plane(5,9). Burton(4) indicated that astig-
matism may result from alteration of corneal curvature. In our
study there was no statistical significant difference in the
amount of induced myopia between phakic and aphakic eyes.
To minimize the buckling-induced refraction changes, several
recommendations may be made regarding scleral buckling pro-
cedures. Careful surgical planning and maneuvering are thus
required to minimize the induced corneal astigmatism. The
band should elevate easily 1 to 2 mm and not snap back to
indent the globe. When abundant drainage of subretinal fluid
and hypotony occurs(6), it should be preferable to inject gas
into the vitreous cavity site rather than to tighten the band
excessively. This study was not designed to compare pneu-
matic retinopexy with conventional scleral buckling procedu-
res, but candidates for pneumatic retinopexy are usually trea-
ted with a radial scleral buckle, instead of pneumatic retino-
pexy, although it may increase the risk of significant postope-
rative refractive error.

The refractive errors gradually diminished over the six-
month follow up, with residual errors of -0.50 to -1.00 D remai-
ning stable(4). Grupposo(9) reported on the refractive changes
in 105 cases of retinal detachment. In his study, the largest
spherical change was -5.50 D and the largest cylindrical
change was -4.00 D. Approximately 50% of patients had astig-
matic errors greater than 0.50 D, but only 13% of the patients
had errors that exceeded -1.00 D. In our study the largest
spherical change was -3.75 D and the largest cylindrical
change was 2.5 D. In this study, 49% percent of patients had
astigmatic errors greater than 0.50 D, and only 16% of our
patients had astigmatic errors that exceeded 0.75 D.

High astigmatism following scleral buckling has been
reported infrequently(7). In our study irregular astigmatism
was frequent. However, in most cases the induced corneal
shape changes persisted for up to 6 months after surgery in a
considerably irregular and asymmetric configuration. Induced
changes in corneal shape decreased gradually over time. After
encircling with additional segmental buckling, the refractive
astigmatism axis corresponded to the segmental buckle(3).
These findings thus implied that segmental buckling may in-
duce astigmatism, and this effect was greater when a buckle
was placed closer to the cornea(2). The encircling, intended to
make an equal circular indentation of the eye, also produced a
certain degree of corneal distortion and thus led to an irregu-
lar, but not statistically significant asymmetric astigmatism, 6
months after surgery.

CONCLUSION

In conclusion, all three types of scleral buckling surgery
were found to produce refractive changes and increase axial

length. A correlation exists between additional segments and
extent of refractive change.

When a radial scleral buckle is used, the risk of significant
induced changes in postoperative spherical equivalent is
high. Because of an increased awareness in permanent refrac-
tive changes following scleral buckling, keratometry has be-
come a part of the standard measurements of retinal detach-
ment patients. In addition, the observation of continuous
changes in refractive error during six months after surgery
should prevent unnecessary prescriptions for glasses.

RESUMO

Objetivo: Estudo prospectivo foi realizado para comparar as
alterações refracionais encontradas após três diferentes tipos
de cirurgia com explante escleral. Métodos: Cem olhos de 100
pacientes foram divididos em 3 grupos de acordo com o tipo
de cerclagem retiniana realizada: Grupo 1, cerclagem simples
(42 pacientes); Grupo 2, cerclagem associada a vitrectomia (30
pacientes); Grupo 3, cerclagem associado a implante escleral
segmentar (28 pacientes). Exames refracionais foram realiza-
dos antes e após 1, 3 e 6 meses da cirurgia. Resultados: A
indução de astigmatismo foi maior no Grupo 3. Alterações no
equivalente esférico e no diâmetro ântero-posterior foram
significantes nos 3 grupos após a cirurgia. Nenhuma diferença
estaticamente significativa foi encontrada nas alterações in-
duzidas pela cirurgia entre os grupos 1 e 2, em nenhum mo-
mento após a cirurgia. Conclusão: Os três tipos de retinopexia
causam alteração refracional. Existe correlação entre a asso-
ciação de segmentos à cerclagem e a intensidade da alteração
refracional induzida.

Descritores: Descolamento retiniano/cirurgia; Recurvamento
da esclera/efeitos adversos; Refração ocular; Biometria
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