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ABSTRACT 

 
The ocular brachytherapy is a method that allows controlling ocular tumors. However, the irradiation of the 

ocular area in high doses can bring damages mainly to the surrounding healthy tissue, such as lens, retina and 

bone tissue of the orbital area in growth phase.  Brachytherapy in comparison to teletherapy allows a large 

reduction of the absorbed doses in the adjacent tissues avoiding deleterious effects. Various types of 

radionuclides can be applied to ocular brachytherapy. Those radionuclides shall be encapsulated and placed 

juxtaposed to the sclera, back to the tumor. Herein, a new device was developed to encapsulate the radioactive 
material. It can easily place back of the eyeball. A computational model of the ocular area was developed in 

order to simulate the spatial dose distribution promoted by the hólmium-166 nuclide distributed inside the 

irradiator device. The simulations addressed a device placed on the surface of the sclera, rotated 90o taken at the 

normal axis forward to the lens. The simulation was carried on the code Monte Carlo MCNP5. The 

computational simulation generates the spatial dose distribution in the treated volume. All continuous beta and 

the discrete gamma and X-ray spectra emitted by the holmium-166 were incorporated on simulations. The 

results allow comparing the space dose distribution to other types of sources used for the same end. The sclera 

absorbed dose, the maximum apical tumor dose, as well as on the tumor base were investigated. Indeed, the 

tumor thickness defines the conditions of irradiation. The holmium-166 dose distribution provides a tool to 

propose a better and optimized protocol for ocular brachytherapy. 
 

 

 

1. INTRODUCTION 

 

The ocular melanoma and the retinoblastoma are ocular tumors often found in adult and 

pediatric patients, respectively. The enucleation is a traditional treatment that consists of the 

total removal of the eyeball. The radiotherapy is an alternative method that makes possible 

the preservation of the eyeball. The teletherapy uses photons and protons radiation while 

brachytherapy uses plaques with distinct types of encapsulated radioisotopes. Ocular plaque 

irradiation presents lower side effects than those presented on teletherapy. [1]. 

The use of ophthalmologic plaques is a good alternative for controlling and treating uveal 

tumors, because it allows the positioning of the radioactive material close to the surface of the 
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sclera. The plaque is positioned back of the tumoral area exposing it to a period of time that 

allows depositing a dose enough for the tumor control [2, 3]. 

 

In comparison of the ocular plaque brachytherapy and the teletherapy, the brachytherapy 

allows liberating high radiation doses in the tumor preserving the healthy tissue of the close 

structures. The brachytherapy based on radioactive sources emitting beta particles allows a 

high concentration of the absorbed dose in the tumoral area since this type of emission 

presents small penetration [4, 5]. 

 

The objective of this paper is to present a new modelling of the ocular region and simulating 

a holmium-166 radioactive device for ocular brachytherapy. The simulation is based on the 

Monte Carlo MCNP5 code, using a voxels model of the ocular area. It allows observing the 

spatial dose distribution due to the beta particles in the internal area of the eyeball, vitreous 

and lens and in the tumoral adjacent area, bone structures, optical nerve and brain [6].  

 

2. MATERIALS AND METHODS 

This proposal uses an ocular computational model in which was incorporate the device for 

the irradiation of the ocular tumors containing holmium-166, positioned in the medial area on 

the ocular bulb. MCNP5 was applied to simulate the irradiation transport process and 
generating the spatial dose distribution. 

2.1. The model of the ocular region  

 

The eye model was developed through the coupling of three distinct models: a voxel model 

of the external ocular region, another voxel model with a fine discretization to the internal 

ocular globe, and an analytical model which defines the structures of the ocular globe. The 

external voxel model represents the structures out of the eyeball and bone structure. It was 

prepared based on photographic images that represent the sequential slices of the transverse 

cross sections of the head of a female body from an experiment of the project denominated by 

Visible Human Body (VHB) [7]. A set of 43 transverse cross section images of the cranium 

was selected and only the area of interest was cut out. This selection allowed defining a 

volume of 41x50x38mm containing 82x100x42 voxels. 

 

The analytic model was made to define the internal structures of the eyeball (sclera, choroid, 

retina, lens, vitreous and cornea). It was developed to improve the representation of its 

structures through smooth topology by geometric equations. The geometric parameters 

applied to the construction of the volumes were obtained through measurements of the 

anatomical structures of an adult human been found on literature, together with the directly 

measurements on the images of the ocular structures [8, 9, 10]. The external surface of the 

sclera presents maximum values, on x, y and z axis, of 24.3, 23.6 and 24.3mm respectively.  

The vitreous area was defined in a voxel model with the objective of allowing the 

measurement of the distribution of the dose inside the eyeball. The complete model of the 

ocular area was obtained by the joining of the three models and Figure 1 presents three 

images generated to leave of that coupled model [6]. 
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Figure 1. Ocular cross section pictures of the coupled model generated by the MCNP.5v 

graphic interface. (a) transversal section, (b) lateral section and (c) frontal section. 
 

Figure 1 presents three cross section images of the coupled model. This figure shows a 

transversal, lateral and frontal cross section, in (a), (b) and (c), respectively. In these cross 

section images, it is possible to identify the vitreous body, retina, choroid, sclera, the cornea 

and the lens. In the external area to the eyeball it is possible to observe the bony structure 

filled out by adipose tissue involving the eyeball, muscle and optical nerve. External orbital 

structures include skull bone, the brain, muscle and air. The position of each section picture is 

demarcated in the others two. 

2.2. Ophthalmic applicator  

 

The holmium-166 device for ocular brachytherapy with 15mm of diameter and 1.8mm 

thickness is projected and was coupled to the ocular region model in the eyeball medial area. 

holmium-166 nuclide is beta (𝛽−) emitter that has half-life of 26.83h. The beta particles 

emitted by holmium-166 provide in a continuous spectrum with a maximum energy of 

1854.9keV with an average of 667.3keV [3, 11]. The applicator has a spherically concave 

lead sheet backing with an inner 12mm radius curvature. The ocular device was placed on the 

outer sclera surface behind the tumor base.  

 

2.3. MCNP Monte Carlo code and simulation  

 

The MCNP is a general-purpose Monte Carlo n–particle code that can be used for neutron, 

photon, electron, or coupled neutron/photon/electron transport, including the capability to 

calculate eigenvalues for critical systems. The code was originally developed for neutron 

transport and has been extended to include many particles, including photons and electrons 

[12]. MCNP treats an arbitrary three-dimensional configuration of materials in geometric 

cells. It has been extensively used and validated for using in beta-particle brachytherapy. 

 

The holmium-166 device was placed into the coupled mixed model of the eye and 

simulations on the MCNP5 code were carried on. Two distinct simulations were 

accomplished for dosimetric evaluation of the beta particles emitted by holmium-166. A 

simulation is used to calculate the dose distribution on the internal region of the eye ball in 

order to evaluate the dose distribution in vitreous body and in the crystalline lens, and another 
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to calculate the doses in the external region of the ocular globe, especially for evaluating the 

spatial dose distribution in the optic nerve, bones and brain. The number of events in all 

simulations will be 10
7
. 

 

 

3. RESULTS 

 

The holmium-166 device was incorporated into the MCNP5 geometry eye model to perform 

the radiation transport simulation. The results obtained through MCNP5 were plugged into 

the SISCODES and transformed to a dose matrix matching the voxel matrix [13]. The 

sections of these matrices are plotted together with a transparent routine, showing the spatial 

doses distribution. The Figure 2 presents three transversal section images presenting the 

spatial dose distribution due to the gamma emitted by the Ho-166 ocular device. 

  

 
 

Figure 2. Dose distribution due to gamma rays. (a) z = 1mm, (b) z = 2.7mm and (c) z = 

4.5mm. 

 

In this figure data of internal ocular globe dose distribution were coupled with data of 

external ocular globe dose distribution, but those data were separately simulated in MCNP5. 

The color legend indicates the percent strips of dose distribution so intern as extern to the 

ocular globe. The maximum value of dose rate for the intern region is 4.08.10
-5

 Gy.h
-1

.MBq
-1

.
 

This value should be considered in the doses observations inside the ocular globe. The 

maximum value of dose rate for the extern region is 2.29.10
-5

 Gy.h
-1

.MBq
-1

 and this is the 

value to be considered in the observation of the dose distribution in the external region. 

 

Figure 3 presents three section of the tissue voxel model in which the absorbed dose 

distribution is plotted altogether, as the results of the simulation for the beta particles emitted 

by the holmium. In this figure, the two separated simulations on the MCNP5 were coupled, 

providing data of internal ocular with data of the external ocular globe. The color legend 

presents the percent strips of dose distribution for internal and external to the ocular globe.  

 

The present analysis is for the simulations of the continuum beta emitting spectrum provide 

by the radioactive device. The maximum value of dose rate for the internal region was 

3.04.10
-1

 Gy.h
-1

.MBq
-1

.
 
This value should be considered as reference (100%) to investigate 
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the dose rates inside the ocular globe. The maximum value for the dose rate on the extern 

region was 4.21.10
-2

 Gy.h
-1

.MBq
-1

 and this is the value to be considered as reference (100%) 

to evaluate the scale of colors representative of the spatial dose distribution.  

 

  
 

Figure 3. Dose distribution due to beta rays. (a) z = 1mm, (b) z = 2.7mm and (c) z = 

4.5mm. 

 

The simulations for the gamma emitting discrete spectrum provide by the radioactive device, 

the maximum value of dose rate for the internal region was 4.08.10
-5

 Gy.h
-1

.MBq
-1

, while for 

the maximum value for the dose rate on the external region was 2.29.10
-5

 Gy.h
-1

.MBq
-1

. 

Those values are negligible compared with the dose rate generated by the beta emission. 

However the optical nerve and a small portion of the brain are exposed to the gamma 

irradiation from the source.  

 

The uncertains on the values are dependent of the voxel position, increasing with the distance 

to the source. The uncertain on the region which the dose is higher than 10% of the maximum 

dose values was limit to 5%.  

 

Figure 4 presents the dose decreasing with depth inside the vitreous body for the irradiation 

with the holmium-166 device, along an axis that leaves of the center of the device in direction 

to the center of the bulb. The graph was obtained starting from the simulations in MCNP5 

and it takes in consideration the deposition of total dose in each point starting from 1.5 mm 

depth, which is the thickness of the sclera, choroid and retina in this area. 

 

This graphic presents a short decrease of the dose with depth, typical characteristic of the beta 

particle deposition. The dose inside of the vitreous body corresponding to a 20% of the 

maximum dose value happens at a depth of 2.89 mm and, while for 10%, it happens at a depth 

of 3.41 mm.  
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Figure 4. Normalized  dose versus depth  inside the vitreous body. 

 

The present research addresses holmium-166 device reproducing the spatial dose distribution 

in function of the activity in MBq provided by the device and the time of exposition. Table 1 

summarized the results of the simulation, predicting the time and the device’s activity for a 

maximum suggested dose of 120Gy at the vitreous [14].  

 

Table 1. Summary of the maximum dose rates values at various positions and dose 

predicted by an activity versus time of 650 MBq.h for obtaining a control dose on tumor. 

 

At a position on 
Maximum value 

(Gy.h
-1

.MBq
-1

) 

Dose 

(Gy) 

Vitreous  1.83.10
-1

 120  

Outside globe  4.22.10
-2

 27.4 

Lens 2.03.10
-4

 0.13 

 

The present research addresses holmium-166 ophthalmic device investigating the spatial 

dose distribution in function of the source activity, in MBq, carried by the device, and the 

exposition time, in hour (h). Table 1 summarized the results of the simulation, predicting the 

time versus the source’s activity of 650 MBq.h for a maximum dose limited in 120 Gy at 

vitreous.  

 

4. CONCLUSIONS  

 

The development of the coupled tissue voxel model together with an internal ocular voxel 

model, with higher resolution, and the analytical model of the structures of the eyes becomes 

an advance in the dosimetric protocols for radiation therapy on the uveal region. The present 

model will be explored in new investigation with other types of radioactive devices.  

 

To perform such absorbed dose the figure of merit defined by the activity versus times 

shall be 650 MBq.h. For this established condition, the maximum dose on the external region, 

which means on the bone structure, will be 27.4 Gy and the medium dose in the lens is 0.13 

Gy. Those values are well acceptable on the health tissues. Future work will address 

radiodosimetry of real cases reproducing the tumor position and its composition into the 

eyeball. 
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