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Abstract 
Proton beam therapy (PBRT) is an essential tool in the treatment of certain 
ocular tumors due to its characteristic fall-off and sharp beam parameters at 
critical structures. Review of clinical cases in our ocular PBRT program iden-
tified patients with silicone oil used as an intraocular tamponade following 
pars plana vitrectomy for repair of retinal detachment. Patient’s eye may be 
filled with silicone oil prior to PBRT for an ocular tumor. The objective of 
this study was to extend our knowledge of the physical characteristics of pro-
ton beams in silicone oil by measuring dose within a silicone tank itself, 
hence better representing the surgical eye, as well as applying the range 
changes to EYEPLAN software to estimate clinical impact. The relevant pro-
ton beam physical parameters in silicone oil were studied using a 67.5 MeV 
un-modulated proton beam. The beam parameters being defined included: 1) 
residual range; 2) peak/plateau ratio; 3) full width at half maximum (FWHM) 
of the Bragg peak; and 4) distal penumbra. Initially, the dose uniformity of 
the proton beam was confirmed at 10 mm and 28 mm depth, corresponding 
to plateau and peak region of the Bragg peak using Gefchromic film. Once the 
beam was established as expected, three sets of measurements of the beam 
parameters were taken in: a) water (control); b) silicone-1000 oil and water; 
and c) silicone-1000 oil only. Central-axis depth-ionization measurements 
were performed in a tank (“main tank”) with a 0.1cc ionization chamber 
(Model IC-18, Far west) having walls made of Shonka A150 plastic. The tank 
was 92 mm (length) × 40 mm (height) × 40 mm (depth). The tank had a 0.13 
mm thick kapton entrance window through which the proton beam was in-
cident. The ionization chamber was always positioned in the center of the 
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circular field of diameter 30 mm with the phantom surface at isocenter. The 
ionization chamber measurements were taken at defined depths in incre-
ments of 2 mm, from 0 to 35 mm. To define the effect of silicone oil on the 
physical characteristics of proton beam, the above-defined three sets of mea-
surements were made. In the first run (a), the Bragg-peak measurements were 
made in the main tank filled with water. In the second run (b), a second 
smaller tank filled with 10 mm depth silicone oil was placed in front of the 
water tank and the measurements were repeated in water. In the third run (c), 
the water in the main tank was replaced with silicone oil and the measure-
ments were repeated in silicone directly (no second tank in runs “a” and “c”). 
Finally, the effects of change in range on dose distribution based on the 
EYEPLAN® treatment planning software of patients with lesions in close 
proximity to the disc/macula as well as ciliary body tumors were studied. The 
uniformity of the radiation across the treatment volume shows that the radia-
tion field was uniform within ± 3% at 10 mm depth and within ±4% at 28 
mm depth. Parameters evaluated for the three runs (a, b, c) included: 1) resi-
dual range; 2) peak/plateau ratio; 3) FWHM of the Bragg curve; and 4) distal 
penumbra. The measured data revealed that the un-modulated Bragg peak 
had a penetration at the isocenter of: a) 30 mm in water; b) 31.5 mm in sili-
cone and water; and c) 32 mm range in silicone oil. The peak/plateau ratio of 
the depth dose curve is 3.1:1 in all three set-ups. The FWHM is: a) 9 mm in 
water; b) 10 mm in silicone and water; and c) 11 mm in silicone oil. The distal 
penumbra (from 90% to 20%) was: a) 1.1 mm; b) 1.4 mm; and c) 2 mm. Clin-
ical relevance of the extended distal range in silicone was studied for impact 
in EYEPLAN treatment software, including cases in which tumors were in 
close proximity to the optic disc/nerve and macula as well as cases in which 
anterior ciliary body tumors were treated. The potential change of range by 2 
mm in silicone would impact the dose-volume histograms (DVH) impor-
tantly for the posterior structures. In ciliary body/anterior tumors, an in-
crease in distal range in silicone could result in optic disc/macula dose and 
length of optic nerve treated, compared with original EYEPLAN model 
DVHs. The use of silicone oil as a surgical tamponade in the treatment of re-
tinal detachments has important implications for PBRT treatment planning. 
In patients with intraocular silicone oil, the physical parameters of the beam 
should be closely examined and DVHs for posterior structures should be 
analyzed for potential increased doses to the macula, disc, and length of optic 
nerve in the field. The change in beam parameters due to silicone oil is essential 
to consider in treatment planning and DVH interpretation for ocular patients 
with posterior as well as anterior ocular tumors. 
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1. Introduction 

Charged particle therapy (protons, helium and carbon ions) has been used for 
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many years to treat the various malignancies and ocular tumors [1]-[7]. These 
beams deposit high doses of radiation in small-localized ocular targets allowing 
for focused shaping of the radiation field. Due to the sharp fall-off of the distal 
part of the Bragg peak, the stopping region of the beam can be defined precisely. 
These physical properties make charged particles valuable in the treatment of 
tumors, which are in close proximity to critical structures. Proton beam therapy 
(PBT) is very successful in treating ocular tumors close to critical structures like 
the optic nerve, fovea and lens. Since the range of proton beam is precisely 
known in a medium, the radiation field can be designed accurately. 

Serous retinal detachment and resultant vision sequelae are a common finding 
in patients with choroidal melanoma. Tumor size is a strong predicator of 
rhegmatogenous retinal detachment [8]. Silicone oil is an effective intraocular 
tamponade used in treating complex retinal detachment [9] [10]. Pars plana vi-
trectomy often with silicone oil tamponade may be performed in eyes containing 
uveal melanoma that have not received radiotherapy [10], and in eyes with 
rhegmatogenous retinal detachment following radiotherapy for uveal melanoma 
[11] [12]. 

McCannel et al. [13] observed that use of silicone oil 1000 centistokes atte-
nuated gamma radiation from Iodine-125 plaques which are placed externally 
on the scleral surface of an eye. Thus, they hypothesized that silicone oil could be 
helpful in limiting exposure to healthy tissue from an ocular plaque. Ahuja et al. 
[14] studied the effect of silicone oil placement prior to iodine-125 brachythera-
py for uveal melanoma. They observed that silicone oil reduces the radiation 
dose to ocular structures at the anterior-posterior axis by 65%. 

For patients presenting with eyes filled with silicone oil and undergoing pro-
ton beam radiation for uveal melanoma, it is necessary to analyze the effect of 
the oil on the true range of the proton beam. Previously Weber et al. [15] studied 
the intra-ocular density and change in proton range in clinical silicone oil tam-
ponade. They used CT scans of a normal eye and an eye filled with silicone oil. 
They observed by measuring range of proton beam in water and placing silicone 
oil in front of the water tank, that the range of a proton beam in silicone oil is 
increased by 11%. Their experimental measurements were made in water and 
the effect of silicone oil was studied by placing silicone oil in a small tank in 
front of the water tank. 

In our paper, we build on this initial work to provide a comprehensive de-
scription of the effect of silicone oil on proton beam parameters and the clinical 
relevance of potential planning adjustments required in the context of sili-
cone-filled eyes. Utilizing an experimental design to more closely simulate an 
eye filled with silicone, the objective of the present study is to delineate the 
physical characteristics of a clinical proton beam in silicone oil relative to water, 
so that beam corrections may in the future be applied as necessary. Three expe-
riments were performed as follows. First, the range of the proton beam was 
measured in a water tank (simulating the tissue-equivalent of a normal eye). 
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Second, a small tank containing silicone oil was placed in front of the water tank 
and the range of the proton beam in water was measured. Third, the “water” 
tank itself was filled with silicone oil only (simulating a silicone-filled eye) and 
the proton range measurement was repeated. The characteristics of the proton 
depth dose from these three experiments were compared and the clinical relev-
ance for ocular melanoma treatment planning was examined. 

2. Material and Methods 

All measurements were made on the eye therapy beam line at Crocker Nuclear 
Laboratory, UC Davis. The beam line is outlined earlier [16] and is briefly de-
scribed here. The 76-in isochronous cyclotron at UC Davis accelerates protons 
to a maximum energy of 67.5 MeV. The beam travels through several devices 
before entering the treatment room and irradiating the patient at the iso-center. 
The beam after extracting from the cyclotron passes through quaderpole, steer-
ing magnet. The beam is directed to 40-inch magnet, which sends the beam in 
different beam lines. After 40-in magnet, the beam passes through wire chamber 
and secondary emission chamber (SEM). After exiting the cyclotron, the beam is 
focused by two quadrupole magnets. The beam is then steered by X-Y dipole 
magnets to the center of the 10-cm aluminum beam pipe. A 40-inch dipole 
magnet deflects the beam to any of the 6 beam lines at the CNL cyclotron. The 
beam line at 9˚ transports the beam to the eye therapy cave. The eye beam line 
set up is illustrated in Figure 1. The vacuum beam pipe ends at the entrance to 
the treatment room. The beam extraction from the cyclotron is optimized at 
beam stop 2b and the beam position in the horizontal and vertical planes is  

 

 
Figure 1. Layout of ocular beam line at UCSF-CNL Eye Treatment Facility. The beam, after entering the treatment room, passes 
through several devices before radiating the patient at the iso-center. The insert in the figure shows the experimental setup at the 
iso-center. 
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measured with wire chamber 1 (WC1), which is placed downstream of the 
40-inch bending magnet. The beam size and beam position are monitored in the 
treatment room by wire chamber 2 (WC2). WC1 and WC2 each have 2 ortho-
gonal planes with 2 mm and 6 mm wire spacing, respectively. 

2.1. Beam Monitoring and Dosimetry System 

There are three primary dose monitors. The secondary emission monitor (SEM) 
[17] is placed at beam stop 4 and measures the intensity of the beam. It consists 
of an alternating stack of high voltage foils and collection foils of aluminum. 
They are placed in a vacuum chamber made of stainless steel with aluminum 
vacuum windows. The whole chamber is placed in vacuum. The aluminum foils 
are held between two supporting rings of ceramic material. The SEM provides 
beam detection, which does not saturate at any achievable beam current. Two 
segmented transmission ionization chambers, IC1 and IC2 [18] [19], define the 
central beam axis and provide yield information about the size and intensity of 
the circular field. IC1 and IC2 each have two foils, separated by a high voltage 
foil. One foil is divided into four quadrants, which measure the beam position 
(Left/Right and Up/Down) and dose. The other foil is divided into 7 rings, which 
give the beam width. These chambers measure the dose 1790 mm and 500 mm 
upstream from the iso-center. All three detectors are monitored by electronic 
hardware as well as by the computer. The space between IC1 and IC2 is 1290 
mm. The SEM, IC1 and IC2 collect the ionization produced by the proton beam 
and convert it to NIM pulses with recycling integrators. These pulses are 
counted by preset scalers, 12-channel LeCroy scalers and Ortec scalers, and are 
read by the MicroVAX 3500 computer via CAMAC. 

A range modulator [20] made from Lucite is located just after IC1. It is fol-
lowed by a variable water column, which permits measurements to be made at 
various depths of penetration [21]. The water column consists of a piston in a 
cylinder connected to a water reservoir. The water in the path of the beam is 
contained between thin Lucite windows at the ends of the cylinder. The second 
Lucite window is connected to a movable piston. The amount of water between 
the windows is determined by the separation of the windows. An encoder reads 
the position of the windows to an accuracy of 0.1mm. A brass collimator with a 
circular opening of 35 mm at the center defines the beam size at WC2, IC1 and 
IC2. The SEM, IC1 and IC2 monitor the dose delivered to the patient. A large 
patient shield made of aluminum is placed between IC2 and the patient assem-
bly. The patient assembly system consists of a patient-specific collimator made 
of brass, a closed-circuit TV (CCTV) system, a fixation light and an infrared 
light. A final patient-specific collimator, 50-mm from the iso-center, shapes the 
beam to a particular patient treatment field. 

The chair is placed at the iso-center for final positioning. A head holder to po-
sition the patient’s head is attached to the chair. The base of the chair can be ro-
tated through 360˚. The chair moves in three orthogonal directions. There are 
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two x-ray tubes, one placed in the posterior direction, just behind the chair, and 
one in the lateral direction. There are two flat panel digital imagers [22]. The 
digital panel in the anterior-posterior direction is placed on the beam line at a 
fixed target-to-image distance of 1190 mm. It is attached to the patient assembly 
system. This imager is mounted on an air piston and interlocked to the X-ray 
unit. When making an exposure, the imager is in-line with the center of the focal 
spot and with the iso-center. The imager moves up and stops at the required po-
sition when the X-ray enable trigger is depressed. The imager returns to the 
parked position, which is outside of the radiation field when the X-ray button is 
released. The imager in the lateral direction is placed at a fixed target-to-image 
distance of 2000 mm, as shown in Figure 1. 

2.2. Setup and Measurements 

To check the uniformity of the treatment field, two sheets of 50 mm × 50 mm 
Gefchromic EBT-3 film (Radiation products Design, Inc, MN) were irradiated at 
a depth of 10 and 28 mm to a dose of 6 Gy. The 10 mm depth corresponds to the 
plateau region and 28 mm depth corresponds to the peak region of the depth 
dose curve. The primary dose measurement was performed by using a 0.1 cc 

Far-West ionization chamber in a tissue equivalent plastic at a depth corres-
ponding to the middle of 20 mm spread-of-Bragg peak (SOBP) using ICRU 
protocol [23]. A Lucite block of 100 mm in thickness was used as back scattering 
materials. The exposed films were evaluated with a He-Ne scanning laser densi-
tometer (Lumiscan Laser digitizer, Lumisys Inc, Sunnyvale, CA), which has a 
wavelength of 632.8 mm (0.1 mm spot size) and can measure optical densities up 
to 3.5 with a precision of ±0.001. The analysis of the results was performed on 
iMac computer using the public domain NIH image program ImageJ (developed 
at the US National Institute of Health and available on the Internet at 
http://rsb.info.nih.gov/nih-image). 

A schematic view of the complete setup is shown in Figure 2. The central axis 
depth ionization measurements were performed in a water tank with dimensions 
92 × 40 × 40 mm3. 

Central-axis depth-ionization measurements were performed in a water tank 
with 0.1cc ionization chamber (Model IC-18, Far west) having walls made of 
Shonka A150 plastic. The water tank has a 0.13 mm thick kapton entrance win-
dow through which the proton beam was incident. In order to keep ionization 
chamber at one place in a vertical position and make it water proof, a thin plastic 
tube with tissue equivalent material was positioned in the center of the field as 
seen in Figure 1. The ionization chamber was always positioned in the center of 
the circular field of diameter 30 mm with the phantom surface at iso-center. To 
understand the effect of silicone oil on the physical characteristics of proton 
beam, three sets of measurements were made. In the first run, the Bragg-peak 
measurements were made in a water tank (simulating the tissue-equivalent of a 
normal eye). In the second run a small tank filled with silicone oil was placed 
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Figure 2. A schematic view of the experimental setup. The ionization chamber is placed 
in a thin tissue equivalent tube attached to the tank. 

 
in front of the water tank and the measurements were repeated in water (simu-
lating prior experiment design [15]). In the third run the water in the tank was 
replaced with silicone oil and measurements repeated (simulating a sili-
cone-filled eye). The proton beam range and physical beam characteristics were 
measured systematically. Finally, the effect of the change in range on dose dis-
tributions was studied based on the EYEPLAN® treatment planning software for 
patient cases using fundus image fusion [24] [25]. 

3. Results 
3.1. Proton Beam Parameters 

The flatness and symmetry of the radiation field at 10 and 28 mm depth were 
evaluated based on International Electro Technical Commission (IEC) specifica-
tions [23] [26]. The beam flatness specifications require that the maximum dis-
tance between the 90% dose and the edge of the geometrical field shall be <10. 
The symmetry of the beam, measured by the difference in dose at two points 
symmetrically placed to the central axis, was within 1.0% at both depths. The 
major factor in producing excellent proton beam flatness and symmetry on this 
facility is that we are not using any scattering material in the beam path to pro-
duce larger field. 

Figure 3 shows an example of the beam profile at 10 and 28 mm depth. The 
relative dose measurement (i.e. penumbra between 90% to 20%) at 10 mm and 
28 mm depth shows that lateral penumbra is sharper for profile at 10 mm depth 
as compared to profile at 28 mm depth. The analysis of the dose uniformity 
shows that the dose across the beam is within ±3% at a depth of 10 mm and 
within ±4% at a depth of 28 mm. Table 1 shows the characteristics of the radia-
tion field. 

The measured data as shown in Figure 4 and Table 2 reveal that un-modulated  
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Figure 3. Comparison of the transverse dose distribution of the radiation field as measured with EBT-3 Gef-
chromic film. The film was placed in a plastic phantom at a depth of 10 mm and at 28 mm. 

 

 

Figure 4. Comparison of the range of a 67.5 MeV proton beam in the central axis as 
measured in water, water + oil and in silicone oil. 

 
Table 1. Comparison of beam profile measured with EBT-3 Gefchromic film at a depth 
of 10 and 28 mm. 

Depth Penumbra (mm) Beam Symmetry Max/min Dose Uniformity 

10 mm 

28 mm 

1.6 

1.9 

1.004 

1.003 

±3% 

±4% 
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Table 2. Comparison of Bragg peak parameters in different media. 

 Water Water + oil Oil 

Range(mm) 

Ratio (Range) 

Peak/plateau 

FWHM(mm) 

Penumbra(mm) 

(90% to 20%) 

30 

1.0 

3.1 

9 

 

1.1 

31.5 

0.952 

3.1 

10 

 

1.4 

32 

0.9375 

3.1 

11 

 

2.0 

 
Bragg peak has a penetration of 30 mm in water at the iso-center as compared to 
32 mm range in silicone oil. By placing 1 cc of silicone oil in front of water tank, 
the range of proton beam is 31.5 mm. The ratio of range for water/silicone (oil 
+water) and water to silicone oil is 0.95 and 0.9375 respectively. The width of the 
depth dose curve at (FWHM) is 9 mm in water, 10 mm in water + silicone oil 
and 11 mm in silicone oil. The peak/plateau ratio of the depth dose is 3.1. The 
distal penumbra measurements (from 90% to 20%) were 1.1 mm for water, 1.4 
mm for water + silicone oil and 2 mm for silicone oil, respectively. 

3.2. Clinical Study for Silicone Oil Range Impact 

Clinical relevance of the extended distal range in silicone was studied for impact 
in EYEPLAN treatment planning software, including cases in which tumors 
were in close proximity to the optic disc/nerve and macula as well as cases in 
which anterior ciliary body tumors were treated. To demonstrate the necessity of 
the dosimetry measurement in silicone oil, we present an example of a patient 
with a ciliary body tumor in the right eye that is relatively amelanotic and involves 
the iris root but does not involve the angle. The dimension of the tumor is 13 × 8 × 
8.7 mm3 (tumor height of 8.7 mm). Figure 5(a) shows the beam’s-eye-view (BEV) 
of the treatment plan, using gaze direction having polar and azimuth angle of 
(30˚, 135˚). The patient is looking towards the upper right-hand corner of the 
box (up and out). The range of the beam is 14.7 mm and SOBP is 16 mm. The 
aperture contour around the tumor represents the 50% isodose line. The optic 
nerve and macula are behind the tumor and receiving no proton dose, while 
some portion of the lens is within the 50% isodose line. This can be clearly seen 
from Figure 5(b) which shows the treatment plan in the lateral view. Figure 
6(a) shows the dose distribution in the fundus view for a normal eye and figure 
6(b) shows the dose distribution in the fundus view for a silicone oil filled eye, 
with adjusted proton range. Figure 7(a) and Figure 7(b) are the respective dose 
volume histograms (DVHs) for the two scenarios of a normal water-equivalent 
eye (7a) and a silicone-filled eye with potential proton range impact (7b). In this 
case as seen from Figure 6(a) and Figure 7(a), optic disc, macula and optic 
nerve gets 0 dose in the normal eye. If the eye were to be filled with silicone oil, 
the range of the beam would increase by 2mm. In that case as seen from Figure 
6(b) and Figure 7(b), the dose to 50% area of the disc would increase by 50% of 
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the total dose (i.e. 28 GyE in this simulation). A length of 0.4 mm of the optic 
nerve would receive 50% of the total dose (Figure 7(b)) as compared to the 
treatment plan if the eye is filled with water (Figure 7(a)). The doses to the 
structures of the eye in two scenarios are summarized in Table 3. 

 

 
(a) 

 
(b) 

Figure 5. (a) The illustration of the treatment of uveal melanoma of the right eye in 
beam’s-eye-view using gaze direction having polar and azimuth angle of (30˚, 135˚). The 
patient is looking towards the upper right-hand corner of the box (up and out). The 
aperture contour around the tumor represents the 50% isodose line. The optic nerve and 
macula are posterior to the tumor, while a portion of the lens is in the field. (b) Shows the 
treatment plan in the transverse plane. The optic nerve and macula are estimated at 7 mm 
and 10 mm from the tumor. 
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(a) 

 
(b) 

Figure 6. The isodose lines are displayed on the polar view of the back of the eye. The 
fundus image is superimposed on the polar view. The macula lies at the center of this 
view (represented by a cross), and the rest of the eye is “unfolded” around it. The optic 
nerve and disc are also shown near the center of the eye. The concentric circles represent 
the equator, ora serrata, lens and limbus of the cornea (moving from the back to the front 
of the eye). (a) dose distribution for normal eye (b) for eye filled with silicone oil. 

4. Discussion 

In many centers, proton beam therapy is the first choice of treatment of uveal 
melanoma with excellent local control [1]-[6]. Accurate planning and delivery of 
the treatment are of utmost importance in maintaining a high success rate. As  
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Figure 7. Cumulative (integral) dose-volume histogram showing the dose to various 
structures of the eye for (a) normal eye and (b) eye filled with silicone oil. The optic disc 
and optic nerve dose is elevated in the silicone filled eye due to the change in range of 
proton beam. 
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Table 3. Dose to various structures of the eye in two scenarios (i.e. normal eye and the 
same eye but filled with silicone oil). 

Eye Structure 
Normal Eye Eye filled with silicone oil 

of max dose 
20% 50% 90% 20% 50% 90% 

Retina 

Surface of the globe 

Volume of the globe 

Volume of the lens 

Periphery of the lens 

Ciliary body 

Optic disc 

Macula 

Length of optic nerve 

Surface of the tumor 

Surface of the cornea 

45 

43 

4.2 

76 

63 

56 

0 

0 

0.0 

100 

50 

42 

37 

3.7 

66 

58 

53 

0 

0 

0.0 

100 

42 

37 

30 

3.3 

47 

51 

47 

0 

0 

0.0 

100 

31 

50 

46 

4.6 

76 

63 

56 

65 

0 

0.8 

100 

50 

46 

41 

4.1 

66 

58 

53 

50 

0 

0.4 

100 

42 

41 

33 

3.6 

47 

51 

47 

40 

0 

0.2 

100 

31 

% area 

% area 

cc 

% Vol 

% 

% Vol 

% area 

% Vol 

mm 

% area 

% area 

 
new proton facilities along with new surgeons, radiation oncologist and physic-
ists arise to treat this rare disease it becomes even more important to delineate 
and standardize approaches to potential impact on beam parameters with ocular 
intervention. In this paper, we have studied the essential parameters of range 
and beam characteristics for a proton beam in ocular patients who present with 
silicone-filled eyes. 

Silicone oil tamponade for retinal detachment is widely used [9] [10] [11] [12] 
[13]. Previously, Weber et al. [15] studied the change in proton range in eyes 
with clinical silicone oil tamponade and showed that by placing silicone oil in 
front of a water tank, that range of proton beam increased by 11%. Their expe-
rimental measurements were made in water and the effect of silicone oil was 
studied by placing silicone oil in a small tank in front of the water tank. These 
measurements showed the effect on proton range. 

In our paper we build on this initial work to provide a comprehensive de-
scription of the effect of silicone oil on proton beam parameters, particularly 
with an experimental design to more closely simulate an eye filled with silicone. 
Thus, we made the measurements of our proton beam in a tank of silicone oil 
itself (simulating a silicone-filled eye) and compared the beam parameters to 
that in a water tank (simulating a “normal” eye) as well as water + silicone oil as 
previously described. The results indicate that the shape of the Bragg-peak is af-
fected in silicone oil and range of the beam is increased by 2 mm in silicone oil 
and 1.5 mm in water + silicone oil. This is congruent with initial results from 
Weber et al. [15]. The width of the depth dose curve at (FWHM) is 9 mm in wa-
ter, 10 mm in water + silicone oil and 11 mm in silicone oil. The distal penum-
bra measurements (90% to 20%) are 1.1 mm for water, 1.4 mm for water + sili-
cone oil and 2 mm for silicone oil, respectively. 

The potential adjustments to distal range and penumbra in the context of sili-
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cone oil filled eyes are important for clinical eye treatment planning. The ocular 
melanoma case example presented in this study demonstrates that for example 
eyes with a thick ciliary body tumor may appear to receive zero dose to the optic 
nerve and disc. However once planning model modifications are made to reflect 
the potential impact of silicone oil on the range of the proton beam, the disc and 
nerve dose increase. In the silicone oil modified plan of the same eye, 50% of the 
area of the disc would receive 50% of the total dose and a length of 0.4 mm of the 
optic nerve would receive 50% of the total dose. Such clinically relevant infor-
mation is essential for treatment planning, dose volume analysis, and informing 
the clinician and patient. 

5. Conclusion 

The use of silicone oil as a surgical tamponade in the treatment of retinal de-
tachment has important implications for PBRT treatment planning. In patients 
with intraocular silicone, the physical parameters of the beam should be closely 
examined and DVHs particularly for posterior structures should be analyzed for 
potential increased doses to the macula, disc, and length of optic nerve in the 
field. The change in beam parameters caused by silicone oil is essential to con-
sider in treatment planning and DVH interpretation for ocular patients with 
posterior as well as anterior ocular tumors. 
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