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study the dose attenuation, a cylindrical phantom was located over the Elekta Fraxion
with an IBA CC13 ionization chamber placed in the central insert at the linac isocenter.
Dose measurements at multiple gantry angles were performed for three open fields,
10 x 10 cm, 5 x 5 cm and other smaller 2 x 2 cm. Measured doses were compared
with the ones calculated by Monaco. Surface dose and dose distribution in the buildup
region were measured placing several Gafchromic Films EBT3 at linac CAX between
the slabs of a RW3 phantom located over Fraxion and read using FilmQA Pro software.
Measures were performed for two open field sizes and results were compared with
Monaco calculations. Measurements show a 1% attenuation for 180° gantry angle but
it can be as high as 3.4% (5 x 5 open field) for 150°/210° gantry angle, as with these
angles the beam goes through the Fraxion's headrest twice. If Fraxion is not included in
the calculation Monaco calculation can result in a 3% difference between measured and
calculated doses, while with Fraxion in the calculation, the maximum difference is 0.9%.
Fraxion increases 3.7 times the surface dose, which can be calculated by Monaco with
a difference lower than 2%. Monaco also calculated correctly the PDD for both open
fields (2%) when Fraxion is included in the calculation. This work shows that the attenu-
ation varies with gantry angle. The inclusion of Fraxion in Monaco improves the calcula-
tion from 3% difference to 1% in the worst case. Furthermore, the surface dose

increment and the dose in the buildup region are correctly calculated.
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1 | INTRODUCTION several fractions, normally up to five. This requires high accuracy
and precision in patient positioning as well as in delivered dose cal-

In stereotactic radiosurgery (SRS) treatments, high radiation dose is culation, to locate the target properly and achieve a high-gradient

delivered to a small target volume within the brain in a single or dose distribution reducing the dosage of normal structures.
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Designed in the fifties by L. Leksell,>* the use of a rigid inva-
sive stereotactic head frame fixed to the skull using fixation screws
ensures submillimeter precision, that makes it the ideal choice for
one single fraction treatments, proven effective for small brain
tumors and brain metastases.”® Nevertheless, for lesions larger than
3 cm in diameter, or when more than one lesion is involved, the
surrounding normal tissue exposed to the single high dose aug-
ments, increasing the toxicity, as well as the risks of neurological
morbidity from radiation necrosis and local treatment failure.>”-1°
For lesions larger than 3 cm, fractionated stereotactic radiotherapy
(SRT) has been proved to be an effective and safe technique to

treat brain metastases,11

as it delivers a high biologically effective
dose with the advantage of the effects of fractionation on normal
brain tissue, while being highly efficient achieving local tumor
control.*?

Fraxion (Elekta, A.B., Stockholm, Sweden) is the commercial
name of the repositioning head frame system designed to overcome
the drawbacks of conventional invasive fixation for linac-based SRS,
and SRT treatments. This repositioning system is based on the
design of the Elekta Extend™ System for Leksell Gamma Knife™
(Elekta, A.B., Stockholm, Sweden), which has been described previ-
ously in the literature.*>4

Although external devices to the patient are meant to be radio-
translucent, it is well-known that these devices increase the skin

1316 and alter the dose distribution. This is due to the beam

dose
attenuation as it crosses the device, which acts as a bolus and
backscatter material. The skin sparing effect for megavoltage beams
and depth of maximum dose decrease, hence increasing the skin
dose. 1718

The American Association of Physicists in Medicine (AAPM)
Task Group 176 reported the dosimetric effects caused by differ-
ent couch tops and immobilization devices.!” As Fraxion was not
included among the devices incorporated in this report, the objec-
tive of this study was to measure the dose attenuation caused by
the Fraxion headrest part for different gantry angles and field
sizes, as this part is commonly traversed by the linac beams when
the SRT treatments are planned with volumetric modulated arc
therapy (VMAT) technique,?® particularly when more than one
lesion is involved and sometimes a full arc is needed.??2? Also
the variation in surface dose was measured. Finally, the dose cal-
culation accuracy with Monte Carlo based Elekta Monaco treat-
ment planning system (TPS) (v. 5.00.00) when Fraxion is included
was checked, along with the clinical impact when it is not
included.

2 | MATERIALS AND METHODS

The Fraxion system basically consists of a patient control unit (PCU),
and a Fraxion frame with headrest and front piece. It also includes a
unigue vacuum mouthpiece and a head vacuum cushion which fits
into two holes on the bottom of the headrest to achieve accurate
and comfortable patient immobilization, which combined with partial
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or full head thermoplastic masks ensures patient immobilization and
positioning accuracy. The PCU provides the necessary vacuum for
securing the mouthpiece to the patient's maxilla, thus securely
immobilizing the patient. In addition, the PCU is used to form the
vacuum cushion.*

Figure 1 shows an illustration of the headrest and posts used to
clamp the mouthpiece. These posts are made of a foam core sand-
wiched between carbon fiber, and are not included in our attenua-
tion measurements, as they are not crossed by radiation beams even
when treating lesions at the cerebellum tonsil.2®> The headrest is a
2 mm thick carbon fiber piece, slightly curved, with extensions on
both sides to attach the patient mask, through which we assume

that the attenuation will be higher.

2.A | Attenuation measurements

Fraxion was placed on an Elekta Synergy linear accelerator equipped
with a 160-leaf Agility MLC and 6 MV beam energy. To study the
dose attenuation a cylindrical PMAA phantom (15 cm diameter,
25.5 cm length, physical density 1.18 g/cm®) was located over the
Fraxion with a 0.13 cm?® active volume IBA CC13 ionization chamber
(IBA dosimetry GmbH, Schwarzenbruck, Germany) placed in the cen-
tral insert at the linacisocenter (Fig. 2). The choice of this chamber is
due to the fact that it provides good dose measurement results for
the three field sizes used in this work, so it is not necessary to
change it as the size of the field is modified.?*2%

Measurements performed at 0°, 90° and 270° gantry angles
were used to obtain the reading without attenuation, as with these
angles the beam doesn't traverse Fraxion. Reference dose without
Fraxion was then the average dose at 0° 90° and 270°. 100 MU

Fic. 1.

lllustration of the Fraxion's headrest and posts.
Reproduced with permission from the vendor.
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RWS3 Slabs

were delivered at each angle. These measurements were also used
to verify dosimetrically the chamber position at the linacisocenter.
Position was considered well centered once the readings differed
+0.1%, as described by Gerig et al.?® Dose attenuation measure-
ments at various gantry angles were performed for three open fields,
10 x 10, 5x 5 and 2 x 2 cm? The gantry angles were the ones
which cross Fraxion (135°-225°, 5°-10° increment, IEC gantry
angles). The definitive measured values for each gantry angle were
the average doses of symmetrical angles from 180° (180° + 6°). All
measurements were performed three times. The same measurements
were calculated in Monaco with a 1.5 mm calculation grid and 1%
statistical uncertainty, after acquiring the Fraxion and phantom
images with the ionization chamber placed in the central insert, with
a Toshiba Activion 16 CT (Toshiba Medical Systems, Otawara,
Tochigi, Japan). Slices acquired were 1 x 1 and 512 x 512 mm?
(1 mm slices, 50 x 50 cm? FOV, 120 KVp, 512 x 512 matrix). Atten-
uation was defined as:

Attenuation = (Dg — Df)/Do x 100(%)

similar to the one proposed by Smith et al.?’, and where D is the
dose measured without traversing Fraxion and D is the dose mea-

sured traversing Fraxion at different angles.

2.B | Surface dose and buildup region

To measure the surface dose and the dose distribution in the buildup
region, another phantom was placed over Fraxion (SSD = 90 cm),
using 30 x 30 cm? RW3 slabs of 1 cm thickness (PTW Freiburg
GmbH, Germany) and two additional 18 x 30 cm? and 15 x 30 cm?
RWS3 slabsof 2 cm thickness over 1.5 cm bolus to adapt the phan-
tom to the Fraxion curved surface (Fig. 3). Another 1.5 cm bolus
was added over the phantom to have symmetrical measures at 0°
and 180° gantry angles. Several Gafchromic EBT3 radiochromic films
(Ashland Advanced Materials, Niagara Falls, NJ, USA) were placed at

linac CAX between the slabs at various depths. Films were situated

Fic. 2. Cylindrical phantom placed over
Fraxion's headrest for attenuation
measurements.

at the surface, at 0.5 and 1.5 cm depths, and at the linac isocenter,
and 200 MU were delivered for 10 x 10 and 5 x 5 cm? open field
sizes and 0° gantry angle. To ensure that films were placed parallel
one to each other, they were stuck to the RW3 slabs, horizontally
leveled with acalibrated digital level, or between bolus layers ensur-
ing its correct placement. Once irradiated and removed, another set
of films were placed under the phantom, in contact with Fraxion,
and at 0.5, 1.5 cm from Fraxion, as well as the linac isocenter. Addi-
tional films were located 1 cm away from CAX as in this section
Fraxion is slightly wider than in the middle, where the holes for the
cushion are. Same field sizes and MU with 180° gantry angle were
employed. This waywe can compare the effect of Fraxion in the
buildup region as well as in the skin and surface dose using the
formula:

Variation = —(Dg, — D1g02)/Doz x 100

where Do is the measured dose with gantry at O degrees and z (cm)
depth, and D1go is the measured dose at the same relative position
with the gantry at 180 degrees and z (cm) depth.Using this configu-
ration, for both gantry angles, measurements are made at the same
depths.

Films were kept in a light-proof container when not being ana-
lyzed to reduce coloration from ambient light and UV sources?®and
handled according to the procedures described in the AAPM TG-55

t.2? Two hours after irradiation films were scanned five consec-

repor
utive times in transmission mode using an Epson Expression 11000
XL scanner, placing each piece of film one by one in portrait direc-
tion at the center of the scanner to prevent nonuniformity response
effects. Scans were performed at 72 dpi resolution and analyzed
with FilmQA Pro software (Ashland Advanced Materials, Niagara
Falls, NJ, USA). Dose values presented in this work were the average
values obtained for the five scans using the red channel and a previ-
ous film batch calibration. A 1 x 1 cm? region of interest was
selected in the middle of each film to obtain these values. The stan-
dard deviation in dose values normalized to the maximum is 0.5%,
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Fic. 3. RWZ3 slabs phantom with
radiochromic films placed between to
measure the dose distribution.

TaeLe 1 Transmission/attenuation results.

Field size 2 x 2 cm?

Field size 5 x 5 cm?

PMAA phantom

len chamber

Field size 10 x 10 cm?

Angle (°) cGy T (%) Att (%) cGy
0 73.18 100.00 0.00 81.05
90

270

135 73.15 99.96 0.05 80.99
140 73.17 99.98 0.02 80.98
150 70.78 96.72 3.28 78.32
160 71.93 98.29 1.71 79.44
170 72.23 98.69 1.31 79.80
180 72.43 98.97 1.03 80.04

which results for a dose level of 200 cGy to average variations of
+1 cGy. These values agree with others reported in the literature.?*
This phantom was also CT scanned with the same technique as
the previous one, and images were exported to Monaco planning
system where its external surface was contoured. The same mea-
surements made with film were reproduced in Monaco to check the
dose accuracy calculation at surface, 0.5, 1.5, and 10 cm (isocenter)
depths compared with the values obtained with film. The variation in
surface and skin dose with and without Fraxion was also calculated
by Monaco, in the same way as was done previously with film and
also removing Fraxion from the calculation to check that the attenu-

ation calculated by Monaco was the same using:
Attenuation = (Dwg/Dg)/Dwr x 100(%)

where Dwr is the calculated dose without Fraxion and D is the cal-
culated dose with Fraxion included in the calculation.

3 | RESULTS

3.A | Attenuation measurements

Table 1 shows the percentage transmission/attenuation measure-
ment results as a function of the gantry angle for the three field
sizes considered, 2 x 2, 5x 5 and 10 x 10 cm? and é MV beam

T (%) Att (%) cGy T (%) Att (%)

100.00 0.00 88.00 100.00 0.00
99.92 0.08 87.99 99.99 0.01
99.91 0.09 88.01 100.01 -0.01
96.63 8187/ 85.24 96.86 3.14
98.01 1.99 86.47 98.26 1.74
98.45 1.55 86.84 98.68 1.32
98.75 1.25 87.11 98.99 1.01

energy. The attenuation at each gantry angle is calculated relative to
the average reading at 0, 90 and 270 degrees. Transmission is the
result of applying the formula: %T = 100 — %attenuation.

It can be seen that attenuation is greater at 150° and 210° gan-
try angles as expected, since the beam crosses twice the Fraxion
structure. At these angles, attenuation can be as high as 3.4% for
5 x 5 cm? field size and decreases slightly with increasing field size
from 5x5 to 10 x 10 cm? but this tendency reverses for
2 x 2 cm? field size. Attenuation results in approximately 1% for
180° gantry angle as stated in the Fraxion manual provided by
Elekta. Figure 4 shows the percentage transmission as a function of
gantry angle for the three field sizes and 6 MV beam energy.

As explained before, each data point is the average of symmetri-
cal measurements around 180° (180° + 6°) due to the left-right sym-
metry and the central position of the chamber and the cylindrical
phantom over Fraxion.

3.B | Attenuation therapy planning system
calculation

The percentage attenuation calculated with Monaco was carried out
using the TC images acquired with the parameters mentioned previ-
ously. Two calculations were performed, one without Fraxion in the

calculation, and the other with Fraxion included in the calculation.
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Figure 5 represents the difference between the measured and the
calculated attenuation. If Fraxion is not included in the calculation,
the difference between measured and calculated attenuation can
result as high as 3%, while with Fraxion in the calculation, the maxi-
mum difference is 0.9% for 10 x 10 cm? field size and corresponding
to the gantry angles for which the attenuation is higher, 150° and
210°. For 5x 5 cm? field size, the maximum difference between
measured and calculated attenuation resulted 0.7% for 160° and
220° gantry angles, through which the beam also traverses twice
Fraxion. For the smaller measured field, 2 x 2 cm?, differences
obtained are even smaller, 0.5% for 160° and 220° gantry angles.
Data shown in Fig. 5 is only valid when Fraxion is centered later-
ally as attenuation is a function of the path traversed by the beam

26303nd probably is the

through Fraxion, as observed in other works
reason why the maximum attenuation difference between measured
and calculated values are not coincident between the two field sizes

included in this study.

3.C | Surface dose and buildup region

The presence of Fraxion during the treatment is going to alter the
dose, particularly affecting the surface, skin and buildup region

Percentage transmission for 10 x 10 and 5 x 5 cm? field size as a function of the gantry angle.
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—f—35x5 MeasCakc wih
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Fracion
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with Fraxion

Fic. 5. Difference between measured
and calculated percentage attenuation
when Fraxion is included or not in the
calculation for the three field sizes.

doses. Figure 6 shows the measured and calculated Percentage
Depth Dose (PDD) curves when Fraxion is included, and when it's
not.

Measures include the surface dose, dose in the buildup region,
maximum dose and dose at the isocenter, at 10 cm depth. Maximum
PDD differences between measured and calculated values are 4% at
surface without Fraxion and at 0.5 cm depth with Fraxion for
5x 5 cm? field size. For 10 x 10 cm? field size, these differences
are 2% at the surface and 3% at 0.5 and 10 cm depth with Fraxion.
These differences correspond to measures made under the same
conditions, with measured and calculated doses, both with Fraxion
or without Fraxion included. In this way, it is possible to check that
Monaco calculates the PDD correctly, below 4% difference for
5 x 5 cm? field size, and less than 2% when Fraxion is included in
the calculation. At the isocenter, with Fraxion included in the calcu-
lation, Monaco underestimates the dose by 3% for 10 x 10 cm? field
size, but only by 1% for 5 x 5 cm? field size.

Table 2 summarizes the percentage (to maximum dose) surface
dose results. Measured values show that Fraxion increments 3.6
times the surface dose for 10 x 10 cm? field size and by 3.7 times
for 5 x 5 cm? field size. This result is similar for calculated values.
The last column shows the difference obtained if Fraxion is included
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Fic. 6. Measured and calculated PDD curves for 10 x 10 and 5 x 5 cm? field sizes, with and without Fraxion.

TasLE 2 Difference between measured and calculated surface dose, and difference when Fraxion is included or not in the calculation.

Surface dose (% of max)

Difference Difference calculated
Field size (cm?) Fraxion Measured (%) Calculated (%) measured/calulated (%) with/without fraxion (%)
10 x 10 Without fraxion 20.4 22.6 21 49.7
With fraxion 74.3 72.2 =21
5x5 Without fraxion 17.4 21.4 4.0 44.6
With fraxion 64.5 66.0 1.5

or not in the calculation [calculated surface dose (%) with Fraxion
minuscalculated surface dose (%) without Fraxion]. If Fraxion is not
included in the calculation, percentage differences between percent-
age surface dose values can be as high as 50% for 10 x 10 cm? or
45% for 5 x 5 cm? field sizes. These differences are 3% larger with
measured values, which proves the ability of the Monaco algorithm
to calculate the dose.

The variation in the headrest thickness due to the holes used to
fit the patient cushion in Fraxion was also studied. Figure 7 repre-
sents the percentage variation in the measured dose, normalized to
the dose at the center of Fraxion.

Due to the different thickness, the buildup effect is easily
confirmed. Differences between doses measured at the center and
the sides present a higher value at the surface than the ones
measured at 0.5 cm depth. At 1.5 cm depth this effect is no longer
present and the dose value is smaller, due to the attenuation caused

by Fraxion.

4 | DISCUSSION

As indicated in the AAPM report TG-176 and by several other
authors,18-20:2627.30-32 gavjces external to the patient can act as a
bolus, increase the skin dose, attenuate the beam and in summary
modify the dose distribution. This effect can be observed even with
a vacuum cushion placed in the beam's path.®® Although this effect
is well-known, no previous studies included the attenuation of Frax-
ion's headrest for different gantry angles. In this work, the dose
attenuation effects caused by Fraxion's headrest have been studied.

Several gantry angles were studied, especially the ones for which
the beam traverses the structure twice, where the patient's head
mask is clamped.

Modern commercially available planning systems have the option
to include the treatment couch, as Monaco does. Its inclusion in the
treatment plan is nowadays a common practice, but in some cases
this can be missed when attenuation is expected to be negligible. It
has also been studied, how well Monaco is capable of calculating the
dose at the surface, the buildup region, and the isocenter when
Fraxion is included in the calculation, without any other data modifi-
cation, that is, without forcing any Fraxion density, only with the
one obtained from the CT images.

Results show that attenuation at 180° gantry angle is approxi-
mately 1%, measured at the isocenter, which coincides with the data
provided by the vendor. For the three field sizes included in this
work, the maximum attenuation value is obtained for 150° gantry
angle, for which attenuation can be as high as 3%, and decrease as
the gantry angle approaches 180°. At approximately 150°, the beam
traverses the headrest part where the patient's mask is clamped, the
structure folds and the beam passes through twice. As expected, for
the three field sizes, the more radiological path travelled by the
beam the more attenuation value obtained. So although carbon fiber
materials are considered radio transparent to high energy pho-
tons,>*35 the results obtained in this work show that the attenuation
caused by Fraxion's headrest can be of importance when planning
SRS and SRT treatments with VMAT technique, with which arcs
traversing the structure can be used.

There is a slight dependence of the attenuation with the field
size, it decreases as the field size increases for 5x 5 and
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10 x 10 cm?, but increases with field size from 2 x 2 to 5 x 5 cm?.
Attenuation of the 6 MV photon beam at 150° gantry angle
decreases from 3.4% to 3.1% for 5 x 5 and 10 x 10 cm? field sizes,
respectively, but increases from 3.3% to 3.4% for 2x 2 and
5x 5cm? field sizes, respectively. The latter is in contrast with
authors that studied

tables.2%*%3%7 For a smaller field size, Njeh et al.3” figured that scat-

other attenuation effects of couch

ter radiation which is recorded by the chamber is reduced, and this

Percentage measured dose variation
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Fic. 7. Percentage dose variation due to the different thickness

of Fraxion headrest at surface and two other depths.
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FiGc. 8. Attenuation variation with gantry angle for three field
sizes.

resulted in the decrease in attenuation as the field size increased,
which occurs between 5 x 5 and 10 x 10 cm? field sizes but not
between 2 x 2 and 5 x 5 cm? field sizes. The difference between
their study and this one is the shape of the headrest. Fraxion's
headrest shape is slightly curved, with different thickness at its bot-
tom, and folds where the patient's mask is clamped. At this head-
rest part, the beam traverses twice the structure and the
attenuation results turn out to be higher. For a 2 x 2 cm? field size,
the beam area which traverses twice the structure at 150° gantry
angle is less than for a 5x 5 cm? field size, and due to that, the
attenuation is smaller than for 5 x 5 cm? field size, but greater than
for 10 x 10 cm? field size.

This variation in attenuation as the field size variesis also depen-
dent on the gantry angle. Figure 8 shows the headrest attenuation (%)
for 2 x 2 cm?, 5 x 5 cm? and 10 x 10 cm? field sizes. Attenuation is
negligible for135° and 140°, as the beam does not traverse Fraxion's
headrest, but it is more than 3% where the beam traverses the struc-
ture twice. At 160°, attenuation approaches to its 1% value at 180° as
part of the beam crosses the structure again only once. This value is
not 1% as stated on the Fraxion manual as part of the beam is still
going through the structure twice and because of the different thick-
ness at the headrest bottom. Although its shape is slightly curved, its
curvature is not concentric with the gantry movement, which causes
variations in the radiological path traveled through the beam.

Skin toxicity has always been a major concern in radiotherapy
treatments, even nowadays with modern techniques.®®4° As dis-
cussed earlier, surface dose and dose at 0.5 cm depth have been
measured. Results show the important effect caused by the headrest
on skin dose, as the measured dose increases significantly at both
depths. The effect on surface dose caused by the different headrest
thickness at its bottom is also proved. Surface dose is 15% higher
on the sides of the headrest than at its center, due to the buildup
effect. This effect fades with the beam depth in the phantom, but
affects to the skin dose in those areas.

The inclusion of Fraxion or any other immobilization device in
Monaco treatment plan is straightforward. It has been demonstrated
that Monaco correctly calculates the dose when the headrest is

included in the calculation. Attenuation at different gantry angles is

Fic. 9. Treatment differences when
Fraxion is not included in the calculation
(left) or when it is (right).
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calculated with less than 2% difference from measured values.PDD
are calculated with less than 3% difference with measured values,
which is in accordance with other authors who employed Monte
Carlo based TPS,* although differences in surface dose increase as
the field sizes decreases, so probably it's better to avoid high attenu-
ation areas when planning.

Figure 9 shows the variation in the calculation when Fraxion is
included or not, when planning an SRS treatment with seven non-
coplanar arcs prescribed at 18 Gy in one single fraxion. In this case,
the treatment was planned without Fraxion. Then it was included and
exactly the same plan was again calculated, to see the “real” dose dis-
tribution during treatment. It can be seen that if Fraxion is not
included, its effect at the surface and hence the skin dose is missed.
Also, dose to the target above 20 Gy resulted in V5o = 52.3% if Frax-
ion is not considered, and only 0.08% when it is. Therefore, it is pos-
sible to get wrong dose values that can be of importance when
Fraxion is ignored. This causes a direct clinical impact on the patient,
as the PTV will receive in general, fewer doses than the ones pre-
scribed, leading to a mistreatment of the tumor. Besides, the informa-
tion given by the planning system about the doses received by the
OARs will be incorrect. Dose tolerances could be exceeded, causing
fatal radiation injuries to the patient. These considerations prove the
importance of Fraxion inclusion in the treatment planning.

5 | CONCLUSIONS

The effect on attenuation of Fraxion headrest for 6 MV has been
studied. Although attenuation is less than 2% for several gantry
angles, is more than 3% where the headrest folds to clamp the
patient mask. This can be of importance if Fraxion is not included in
the calculation when the beam traverses that part with complete
VMAT arcs or non-coplanar arcs, which coincide with that area. Mon-
aco correctly calculates the attenuation and the PDD, but differences
in surface dose are greater than 5% for small fields, so it is better to
avoid the maximum attenuation area when planning radiotherapy
treatments. Results show the importance of the inclusion of Fraxion
in the treatment planning, and the accuracy of the calculation when it

is included without any density manipulation in the TPS.
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