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Abstract l Background: The effec-
tiveness of tamponade agents de-
pends on the interfacial energies of
the surfaces involved, the buoyancy
of the tamponade agent and its vol-
ume. The ability of gas or silicone oil
to tamponade retinal breaks may also
depend on the shape of the vitreous
cavity, and this in turn may be altered
by the application of surgical ex-
plants or encircling bands.
l Method: We have constructed a
model eye chamber (using surface-
modified polymethylmethacrylate) to
study the influence of indentations on

the overall tamponade effect.
l Results: We show that in the case
of silicone oil, the presence of in-
dentations may enhance the tampon-
ade to specific areas of the model eye
cavity, namely inferiorly and poste-
riorly, and may diminish the tam-
ponade to areas immediately adjacent
to the indentations. This modification
of the tamponade effect is not ob-
served when air is used.
l Conclusion: The position of ex-
plants is critical to the efficiency of
tamponade agents.

Introduction

In the repair of retinal detachment, the only measures for
closure of retinal breaks consists of external tamponade in
the form of scleral buckling and internal tamponade using
the surface energies of, principally, silicone oil and gas
mixtures [4, 5, 10]. In the cases of retinal detachment
complicated by large retinal tears or by epiretinal mem-
branes, the choice of tamponade agents has been the sub-
ject of extensive clinical investigations. The Silicone Oil
Studies set out to investigate, using prospective random-
ized clinical trials, the efficacy of inert gases versus sili-
cone oil [12, 13]. In the treatment of many of these cases a
combination of surgical explants and internal tamponade
agents is used [1, 2]. The separate roles of the explants
and the internal tamponade are not clearly defined and
in particular, whether explants are helpful, or in the case
of giant retinal tears or retinotomies, for example, wheth-
er explants are indeed necessary [8]. Scleral indentations
in themselves may be responsible for complications such
as interference of extraocular muscle function and slip-

page of giant retinal tears [7, 14, 11]. Another area of con-
troversy is whether it is advantageous to leave the eye
phakic or whether there may be theoretical benefits in re-
moving the crystalline lens [3, 9].

In a previous paper [6], we have discussed the impor-
tance of the interfacial energies to the tamponade effect.
We have shown that the retinal surface is hydrophilic
and justified the use of surface modified polymethylmeth-
racylate (PMMA) to construct a spherical model to mimic
the eye cavity and to study the tamponade effect. We es-
tablished the relationship between the area of the cavity
covered and the volume of silicone oil and air used as in-
ternal tamponade agent. In this paper, we will explore the
interaction of surface energies with the shape of the eye
cavity.

Materials and method

To allow clear visualisation of the spatial positioning of the silicone
oil bubble we manufactured a cylindrical model from polymethyl-
methacrylate (Fig. 1). It had a internal diameter of 20 mm and a
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length of 20 mm. The ends could be unscewed to allow cleaning be-
tween experiments. There were input ports in the top and bottom of
the chamber to allow filling and exchange of fluid. The cylinder was
held horizontally on an optical bench with a light at one end to pro-
vide even illumination and a camera set up at the other end to record
the interaction of the fluids.

The model was filled initially with a 5% bovine albumin solution
in phosphate-buffered saline (PBS) and the albumin allowed to ad-
sorb onto the internal surface of the model for approximately 10 min.
This rendered the surface hydrophilic. Air or silicone oil was inject-
ed through the upper port in approximately 0.5-ml increments while
the protein solution was allowed to flow out through the lower port.
Photographs were taken after each increment.

Two other models were examined. One had a semicircular indent
with a radius of 2.5 mm placed along the length of the cylinder at
90� to the vertical to model the influence of a crystalline lens.
The other had similar indents placed opposite each other at 90�
and 270� to model an encircling band. A similar filling and ex-
change procedure was followed for these models.

Results

Model with no indent

For small bubbles of air or silicone oil the shape is round-
ed and little contact is made between the bubble and the
internal surface of the model. As the bubbles increase in
size the shape of the air and silicone oil bubbles becomes
increasingly different. Figure 2 presents the appearance of
relatively large bubbles of air and silicone oil. It is clearly
demonstrated that the air bubble had a flat-bottomed
shape and made good contact with the internal surface
of the model. The silicone oil bubble, on the other hand,
clearly had a rounded bottom and therefore, for the same
volume, does not contact as much of the internal surface
of the model as for air.

Fig. 1 The cylindrical model
eye chamber: a as its compo-
nents; b fully constructed

Fig. 2 The model eye chamber
without indents: a with an air
bubble; b with a silicone oil
bubble
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Models with two indents at 90� and 270�

Figures 3 and 4 present the appearance of silicone oil bub-
bles in the model with two indents. It is shown that the
indents cause a change in shape of the bubble such that
the oil makes contact only with the tip of the indent, leav-
ing a substantial area above the indent without any tam-
ponade effect. As the silicone oil bubble increased in size
it was pinched into an hourglass shape, preferentially con-
tacting the model at the top and bottom rather than the
sides. In contrast, the air bubbles appeared to wrap neatly
around the indents and maintained a flat-bottomed shape
(Fig. 5).

Model with one indent at 90�

When the silicone oil bubble came into contact with the
indent, the position of the bubble was shifted away from
the indent towards the opposite side of the model (Fig. 6).
As the bubble increased in volume the area of contact

with the internal surface of the model increased on the
side opposite the indent and the area of the model surface
either side of the indent remained in contact with the
aqueous environment until the very last incremental in-
crease in volume.

Discussion

The effectiveness of an internal tamponade agent relies on
its ability to make contact with the internal surface of the
vitreous cavity. Theoretically, the shape of a small bubble
can be predicted solely by the surface interaction of the
three phases in contact, namely vitreous fluid, tamponade
agent and the retina. For larger bubbles, however, buoy-
ancy plays an important part. In the case of gas or air,
the difference in specific gravity between it and water is
very large. Therefore, small bubbles are rounded and larg-
er bubbles have a flat bottom surface (Fig. 2a). This flat-
tening of the bubble increases the tamponade efficiency in
that more of the volume contributes towards making con-

Fig. 3 The model eye chamber
with two indents partially filled
with a silicone oil bubble

Fig. 4 The modle eye chamber
with two indents nearly filled
with a silicone oil bubble

Fig. 5 The model eye chamber
with two indents nearly filled
with an air bubble

Fig. 6 The model eye chamber
with one indent partially filled
with a silicone oil bubble
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tact with the internal cavity. A small bubble of silicone oil
is rounded when in contact with water and with the retina
because of its hydrophobicity. In the case of silicone oil,
however, the specific gravity (0.97) is close to that of wa-
ter (1.0) and therefore, as expected, a larger bubble of sil-
icone oil is also rounded because there is little buoyancy
to modify its shape (Fig. 2b). The overall tamponade ef-
ficiency is decreased because part of the volume is used
to form the meniscus instead of making contact with the
eye cavity. This difference in efficiency between silicone
oil and gas is inherent in their physical properties in terms
of surface energy and buoyancy and cannot be altered by
any surgical strategies. Of course, clinically this differ-
ence may be of little significance if the eye cavity can
be totally filled with the tamponade agent.

In practice, a total fill of the vitreous cavity is difficult
to achieve. We have shown in a previous publication [6]
that because the eye approximates a spherical cavity it is
difficult to achieve a total tamponade effect. Whether
with silicone oil or gas, a slight under-fill results in rela-
tively large areas of the cavity uncovered. When silicone
oil is used, under-fill may arise either as a result of poor
fluid / air exchange technique per-operatively or by com-
pression of vitreous gel remnants by the tamponade and
by choroidal decongestion in the post-operative period.
Scleral buckling is therefore considered important and
has been shown to be effective when used in combination
with silicone oil tamponade. In the case of gas, the use of
slightly expansile inert gas mixtures may ensure a total
fill in the early post-operative phase. In practice, the pre-
cise concentration of expansile and non-expansile gas
mixtures is difficult to determine in man. Up to 30% sul-
fahexafluoride and 20% perfluoropropane have been
used, although volumetric studies using A-mode ultra-
sound biometry have shown tremendous variation in the
bubble size in the early post-operative period.

In this study, we used a cylindrical transparent cham-
ber because it facilitates photographic recording of the in-
teractions. We recognized that a cylindrical chamber pro-
vides more of a two-dimensional representation of a
three-dimensional situation. Further work involving ex vi-
vo vitrectomized pig's eyes is in progress, employing nu-
clear magnetic resonance to image the interactions of the
intraocular fluids. We believe that our model is valid and
offers some insight into the influence of indents with bub-
bles of internal tamponade agents, in particular, how sur-
gical strategies may be used to enhance the tamponade ef-
fect of silicone oil.

When the chamber containing indents is filled with sil-
icone oil and aqueous, the oil is seen not to fill the recess-
es formed by the indents and the model eye cavity wall
(Fig. 3). This observation may have an important clinical
implication for the use of external scleral buckling to sup-
port retinal breaks. Our results indicate that care should be
taken to ensure maximal fill and that the entire retinal
break should be mounted on the summit of the indent,

since the parts of the retinal break which fall on the slopes
of the indent may not be subject to internal tamponade ef-
fect of the silicone oil. It may also be reasonable to ex-
trapolate that a gentle broad buckle may be more appro-
priate than narrow deep indents when silicone oil is used.
Further work in this area may be indicated.

Another observation is that the presence of the indent
alters the shape of the bubble of silicone oil inside the eye
model. When two indents are present (one on each side in
the horizontal meridian) the bubble is seen to conform to
the shape of the eye chamber such that it adopts a shape
more closely resembling an hourglass or figure-of-eight
(Fig. 4). We have already pointed out that the recesses
around the indent are not in contact with silicone oil,
and the fill is therefore subtotal. The inferior part of the
eye cavity, because of the hourglass shape of the oil bub-
ble, is, however, in contact with the oil, which it other-
wise might not be (compare Fig. 2b and Fig. 4). This ob-
servation leads us to generalize that any alteration of the
shape of the eye cavity from a sphere to any other geo-
metric shape may be an advantage promoting contact be-
tween the oil the cavity wall. Indeed, the worse situation
may be that of a spherical bubble of oil inside a spherical
eye cavity, in which case the contact is at a minimum. On
this basis, leaving a natural indent inside the eye by pre-
serving the lens is at least a theoretical advantage to lens
removal routinely. Without the indentation of the lens, a
silicone oil bubble is free to adopt a more spherical shape,
partly by moving the iris lens diaphragm forwards or by
herniation of part of the bubble into the anterior chamber.
Similarly, the use of segmental local indentations or of
encircling elements may alter the shape of the globe,
and therefore of the silicone oil bubble, to enhance the
tamponade effect inferiorly (Fig. 4) or posteriorly
(Fig. 6). In other words, the use of locally placed explants
may enhance the overall internal tamponade effect of an
oil bubble to parts of the retina remote from the site of
the indent. For example, it might be visualized that the
use of an encirclement at the vitreous base may enhance
oil tamponade effect to a posterior retinal break or an in-
ferior and posterior retinotomy edge even though the in-
dent is not directly supporting these breaks.

When the model eye is filled with air and aqueous in
the presence of indents, the air bubble is seen to cover
the entire indent (Fig. 5) including the recesses between
the indents and the eye wall. Thus the internal tamponade
effect is not seen to be influenced by the presence of ex-
ternal scleral buckling. There appear to be no specific sur-
gical strategies in the application of explants that can en-
hance the overall tamponade effect. Specifically, from the
point of view of internal tamponade there is no theoretical
advantage in leaving the eye phakic or rendering it aphak-
ic, or in the use of explants other than to support retinal
breaks and to relieve vitreoretinal tractions.

In conclusion, the model eye chamber constructed of
surface-modified PMMA allowed us to visualize the inter-
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action of silicone oil or gas as an internal tamponade. We
have shown how the internal tamponade effect may be in-
fluenced by scleral buckling, and in the case of silicone oil,
the observations suggest the following surgical strategies:

1. Theoretically it may be advantageous to leave an
eye phakic.

2. Care should be taken when using scleral buckling to
support a retinal break, in order to ensure maximal filling,
and that the buckle is accurately mounted so that the break
is positioned at the apex of the indent into the oil bubble.

3. External scleral buckling may enhance the tampon-
ade effect of silicone oil to areas of the retina remote from
the vicinity of the indent(s).

4. Scleral buckling may be useful to improve silicone
tamponade for retinal breaks in the inferior retina.

We believe that these suggestions are of clinical im-
portance and that further work using ex vivo eyes to cor-
roborate our observations from the model eye will be
worthwhile.
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