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1. GENERAL INFORMATION ABOUT MEDULLOBLASTOMA
Because the special irradiation technique with adjacent fields is the most used in the case

of medulloblastoma treatment, we consider very important to specify some general
information about medulloblastoma.

This malignant disease has a large incidence in children with age between 5-7 years. This
tumor usually originates in the cerebellum and is referred to as primitive undifferentiated
tumor. It may spread contiguously to the cerebellar peduncle, floor of the fourth ventricle, into
the cervical spine. In addition, it may spread via the cerebrospinal fluid intracranially and/or
to the spinal cord. For this purpose it is necessary to perform a treatment technique with
cranial tangential fields combined with adjacent fields for the entire spinal cord to achieve a
perfect coverage of the zones with malignant cells.[4]

The treatment in this case is an association between surgery-radio-chemotherapy, where
the radiotherapy has a very important roll and a curative purpose. This is due to the fact that
the migration of malignant cells in the body can’t be controlled by surgery.[7]

Because of this special irradiation technique used in medulloblastoma treatment, we
choused to describe in this paper this complex type of irradiation where the implications of
the beams divergence in doses distribution are essentials.[5]

2. MATERIALS

The machine used in this study is the Co60 Unit Theratron 1000E, which exist in the
Oncological Institute “Prof. Dr. I. Chiricuta” from Cluj-Napoca, Romania.

Also, we used the “Treatment planning” system: Theraplan Plus, which is used to process
the dosimetrical dates of irradiation machines and to obtain finally the doses distributions for
a real case (it is an irradiation simulation system for a particular case).

After that we created the treatment plan. Other important step is the optimization of the
treatment plan by changing the geometrical characteristics of the beams. The last step is the
calculation of exposure times and the determination of informations for the patient positioning
at the irradiation machine.



3. THE DESCRIPTION OF THE IRRADIATION TECHNIQUE

3.1. General informations about the separation of adjacent fields

The entire subarachnoid space is considered of high risk in medulloblastoma, which has to
be totally irradiated. The combination between an aggressive chemotherapy treatment and an
incomplete craniospinal irradiation can be associated with a high rate of recurrence.

We identified two phases of the treatment technique: the craniospinal irradiation and the
irradiation of the entire spinal cord of the child (fig 1).[2]

Fig. 1 (A)-1 craniospinal field+1 posteriospinal field; (B)-1 craniospinal field+2
posterispinal fields.

In this paper we payed much more attention to the junction area from the posterior spinal
adjacent fields, because presents much more interest from the dosimetric points of view
(because of the implications in distribution of doses generated by the beams divergence). So,
the irradiation of the entire spinal cord will be made by one or two fields for childrens with a
largest spinal cord.

Also, we have to pay much more attention to the dosage received by the sensitive
structures (cord and lung) which enter in the posterior irradiation fields.[1]

Across the junction region is a possibility of introducing very large dosage errors. For this,
the junction area is at risk for sever complications if it is overdosed or for tumor recurrence if
it is underdosed.

The objectives of this paper are: to achieve dose uniformity in the field junction region; to
avoid the underdosage or overdosage in the junction area; the hot spot created due to the
overlap of the beams at the depth has to be clinically acceptable; the dosage received by a
sensitive structure such as the spinal cord must not exceed its tolerance dose.

We should specify that this treatment technique was developed considering the following
risk factors: the possibility of introducing very large dosage errors across the junction; the
tumor recurrence if it is underdosed; severe complications if it is overdosed.



When the tumor is superficial at the junction point the fields are usually abutted at the
surface. However in this case, too we have to take care at the hot spot created due to the
overlap of the beams at depth.[5]

On the other hand, the fields can be separated on the surface for the treatment of deep-
seated lesions (in the thorax, abdomen, pelvis). In this case we have to positionate the beam
so, the cold spots created by the field separation will be located superficially, where there is
no tumor.

Also, the dose received by a sensitive structure (spinal cord, lung, cord) must not exceed
its tolerance dose.[3]

The analysis of the irradiation technique was made by two points of view: geometric and
dosimetric.

3.2.  The geometric method of fields separation

The dose at the point of junction between the beams will add up to be 100% if the
geometric boundary of the field is defined by the 50% decrement line.

Because of the interfiled scatter contribution and the penumbra characteristics of the
beam, the dose distribution laterally across the junction is more or less uniform.

So, the dose above the junction will be lower and below the junction higher than the
junction dose if the two fields are incident from one side only and made the junction at a
given depth. Figure 2 illustrate the geometry of two adjacent fields, separated by a distance
S1+S2 on the surface and junctioning of the depth d.

Fig. 2 Geometry of two adjacent beams, separated by a distance S1+S2 (L1, L2-field lengths;
SSD1, SSD2-source-surface distance).



To determinate S=S1+S2 for obtaining an homogeneous dose distribution, we will use the
fact that the two triangles ABC and CDE are similar:
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From the first analysis we observe that the X zone is underdosed and the Y zone is
overdosed.

The geometric considerations provide useful criteria for field separation. The dose
distribution may present a different picture than the predictions based on pure geometry of
beam divergence. The relevant factors that make this problem one of the most complex in
radiotherapy are: patient positioning, beam alignment, field penumbra and radiation scatter.

3.3. The dosimetric method of fields separation

For a composite uniform isodose distribution at the desired depth and an acceptable cold
and hot spots, the separation of fields can be determinated by optimizing the placement of
fields on the contour. The accuracy of the individual field isodose curves especially in the
penumbra region has a big influence on the accuracy of this procedure.[6]

4. RESULTS AND DISCUSSIONS
For this particular case we analyzed the spinal irradiation because the phenomenum that

we treated in this study was better evidentiated here than in any other region.
Because the child has a largest spinal cord we made the treatment plan by using two

adjacent fields. We described the method of fields separation in a particular case and we will
explain the isodoses distribution for an irradiation using two and three adjacent fields.

After the simulation of the patient and the evidentiation of organs of interest (vertebrae,
cord, lung) we started to simulate the treatment plan with the Theraplan Plus treatment
planing system, following the purposes that we planned to achieve in the junction area.



Fig. 3 Dose distributions for an irradiation with two adjacent fields, with out corrections.

Tab. 1 Dose statistics for figure 3

Figure 3 ilustrate an irradiation of the entire spinal cord using two adjacent fields. We put
the vertebrae 4, which is situated beetwen the two fields in the both fields. How we see from
the isodose map the vertebrae 4 is in the final faze in a hot spot, where the contributions of the
beams are summed because the fields are abutted. Because the total dose administrated in



terapeutical purpose is 5000 cGy and we whish to achieve a proportion 95-105% of this, the
value of 6497 cGy received by the vertebrae 4 makes necessary an optimization of this
treatment plan.

Fig. 4 Dose distributions for an irradiation with two adjacent fields with corrections.

Tab. 2 Dose statistics for figure 4



Figure 4 shows a much fiabel irradiation plan because in this case we take account of the
divergence of the beams. The vertebrae 4 was put out intentionally from the both fields, so in
the final faze it is situated in cold spot, where the contribution of the beams is minimal. We
observed that the absorbed dose in the vertebrae 4 is decreasing. In this case the value of 279
cGy is not enough, and for this we make this treatment until we reach 25% from the total dose
and after that the entire terapeutical arrangement is translated situating for this time the next
vertebrae in the cold spot. We make this translation until the total dose in the spinal cord will
be homogene.

It is necessary to make now some observation about the absorbed dose in the critical
organs (cord and lung). Because in this vital organs the absorbed dose has to be not more than
5000 cGy, the irradiation technique has to be reported to this important factor. So, there where
the dose in the critical organs is much to higher we make an optimization of the irradiation
plan until we reach normal values in cord and lung, even with the risk of decreasing the total
dose in the spinal cord. But this is a solution in extremis. A last hour solution is what we call
personalized protection for the critical organs, which will not affect the dose in the points of
interest.

Fig. 5 Dose distributions for an irradiation with three adjacent fields.



Tab. 3 Dose statistics for figure 5

A significant decreasment of the dose in the critical organs with an optimal irradiation of
the spinal cord was made by irradiating the spinal cord with three adjacent fields. So, we
made a differentiated irradiation of the cervical, dorsal and lombar spinal cord. In this
situation we had two junction areas.
This is a special irradiation technique from both dosimetrical and reproductible point of view.

Our purpose was a curative treatment - we try to achieve an homogeneous dose in the
entire spinal cord with minimalization of dose in the critical organs.

In conclusion it is hard to recommend one method or another (two fields, three fields).
The irradiation technique with two adjacent fields implies the local control of the absorbed
dose in only one vertebrae and in the irradiation with three adjacent fields the analysis of the
absorbed dose has to be made at the level of two junctional vertebrae.

There are some cases in which the absorbed dose is homogene from the beginning in the
whole spinal cord and the intersection of the beams divergence take place beyond the lung

On the other hand are situations when a small spinal cord do not provide optimal
conditions for using three adjacent fields.
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