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Sufficient skin dose needs to be delivered by a radiotherapy chest wall treatment regimen to ensure
the probability of a near surface tumor recurrence is minimized. To simulate a chest wall treatment
a hemicylindrical solid water phantom of 7.5 cm radius was irradiated with 6 MV x-rays using
20x 20 cnt and 10x 20 cnt fields at 100 cm source surface dista&SD to the base of the
phantom. A surface dose profile was obtained from 0 to 180°, in 10° increments around the
circumference of the phantom. Dosimetry results obtained from radiochromi¢effective depth

of 0.17 mm) were used in the investigation, the superficial doses were found to be(&a%,,,)

at the 0° beam entry position and 58% at the 90° oblique beam position. Superficial dose results
were also obtained using extra thin thermoluminescent dosim@ie) (effective depth 0.14 mjn

of 30% at 0°, 57% at 90°, and a metal oxide semiconductor field effect tran$MOBFET)
detector(effective depth 0.5 minof 43% at 0°, 62% at 90°. Because the differences in measured
superficial doses were significant and beyond those related to experimental error, these differences
are assumed to be mostly attributable to the effective depth of measurement of each detector. We
numerically simulated a bolus on/bolus off technique and found we could increase the coverage to
the skin. Using an alternate “bolus on,” “bolus off” regimen, the skin would receive 36.8 Gy at

0° incidence and 46.4 Gy at 90° incidence for a prescribed midpoint dose of 50 Gy. From this work

it is evident that, as the circumference of the phantom is traversed the SSD increases and hence
there is an inverse square fluence fall-off, this is more than offset by the increase in skin dose due
to surface curvature to a plateau at about 90°. Beyond this angle it is assumed that beam attenuation
through the phantom and inverse square fall-off is causing the surface dose to redu2z@00©
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l. INTRODUCTION slab phantomé='*andin vivo at a few discrete points in-
cluding the entry and exit positidhThe effect of a curved
ontour with overshooting beams in a configuration resem-
ling two chest wall tangent fields is the subject of this re-
port. The study also outlines the impact of adding 1 cm of
bolus.

Skin dose assessment to the chest wikas) region is
important to ensure that sufficient dose is given to structure
at risk from near surface recurreice.g., scars, dermal lym-
phaticg while not exceeding the tolerance level required for
acceptable skin cosmegighe superficial layers of interest
include the dermal lymphatics which extend to about 1 mm
depth and the basal cell layer at about 7.2 Il. MATERIALS AND METHODS

Patients undergoing radiotherapy treatment receive an in- To simulate a chest wallpost mastectomybreast treat-
herent skin sparing effect due to the range of electrons set iment a hemicylindrical solid water phantdmpof 7.5 cm
motion from megavoltage x-ray beam interacti8fisAn ad-  radius was irradiated with 6 MV x-rays from a Varian 2100C
ditional, skin dose component is due to electron contaminaat 100 cm source surface dista&SD (see Fig. 1. Three
tion, the magnitude of which depends on parameters such aadiation detector types were used in the investigation, radio-
beam modifiers, field size, and air g&p® The dependence chromic film (Gafchromic MD-55-2/Lot No. 970)1ther-
of surface dose on angle of incidence has been measured imoluminescent dosimete(§LDs) (solon/Harshaw, USAof

1676  Med. Phys. 27 (7), July 2000 0094-2405/2000/27(7)/1676/5/$17.00 © 2000 Am. Assoc. Phys. Med. 1676



1677 Quach et al.: Measurement of radiotherapy x-ray skin dose 1677

tra thin), 0.39 mm(thin), and 0.89 mn{norma)]. The details

of how these nominal thicknesses were determined are out-
lined in a previous paper by Kroet al!* The TLD’s from
Harshaw Chemical&Solon/Harshaw, USAwere used. Thin
and normal chips were made from LiF with the natural mix-
ture of lithium (TLD 100). The extra thin TLDs were how-
ever only available as TLD 700 material containing the iso-
tope ’Li enriched. This reduces the TLD response to
neutrons but does not alter the TLD properties in x-ray fields.

solid The chips were read out in a NE Rialto TLD reader in a
\ two step read out cycle. The readout temperature was 300 °C.
— All TLD chips were annealed in a dedicated annealing oven

at 400 °C for 1 hour followed by fan forced cool down to

E. 1. The hemicviindrical chest wall bhant dto simulate a t i 100 °C which was held for 2 hours. For each TLD, readings
‘6. 1. The hemicylindrical chest wall phantom used to simulate a tangentia), o - ormalized to the relative response of that dosimeter at

breast treatment. A 2020 cn? x-ray beam with 2.5 cm overshoot was set . ' o

incident at 100 cm SSD, for some of the radiochromic film readings 1 cm ofl_o_O_CGY- Each (.:hlp was Cha_raCtenzed b_y an individual sen-

bolus was added. sitivity value which was obtained as outlined elsewttére.

C. MOSFET dosimeter
three different nominal thicknesses, and a MOSKRadfet
(Courtesy of Rem, Oxford, UK. Radiation measurements
were undertaken for all detectors using a<ZD cnt field at

A MOSFET was also used in the investigation. The de-
tector consisted of a source, drain and gate placed on a sub-

strate. The dimensions of the active detector are 0.55mm

r?om‘”f”" SSD, the point where the hemicylinder starts. Thisx 1.10 mm attached to the tip of an alumina substrate with
T'eld siz€ en_sured detector measuremgnts could be n_ormaé—poxy_ Other details of the construction of the detector can
ized tod 4 in @ central axis beam position. Tangent f|eldsbe found in the paper published by Gladstatel2® Many

are gen.er.ally recta.mgul.ar to ensure less Iung dose, thereforq\ﬁ’OSFET devices have leads underneath with a metal casing
more cI|n!caIIy typlcgl field Of. 1G,< 20 cn? half-jaw was also which would have been difficult to mount for these experi-

tested using the radiochromic film detector. ments. By placing the detector on the surface of the hemicy-
_ o lindrical phantom in 10° increments. All the data obtained

A. Radiochromic film from each dosimeter was converted to show surface dose

For the 20< 20 cn? field the hemicylindrical solid water profiles. The MOSFET detector was estimated to have an

phantom was marked from @Fe., beam entryto 180°(i.e., effectiye measurement depth qf 0.5_mm by spaling thf 0.3
beam exit in 10° increments. A strip of radiochromic film MM thickness of the epoxy coating with a density szf-g’-
with the dimensions of 1 cm16 cm was placed around the All MOSFET detector response values were normalized to a
arc on the surface of the hemicylinder. Measurements wergtandard dose 020 cGY at dmay for a 1010 cnf square
made at the central axis from the entrance to the exit bearfi€ld at 100 cm SSD. Directional dependence of this device
location. Because the 0° and 180° positions for the 10Vas tested by placing it at 10 cm depth in a cylindrical phan-
x 20 cn? field were in the penumbra, only measurementdlom. In equilibrium conditions at 7.5 cm depth variations in
from 10° to 170° were undertaken. The optical density of thed0Se recorded from angle 0° to 60° was%.
irradiated film was read using a 660 nm modified  The experiment was repeated ia 1 cmbolus (Med-
densitometet® These readings were then converted to dosd €¢; USA with radiochromic film measurement only. By
using a calibration curve. This was performed by irradiatingc®mpining the results and normalizing to a prescribed mid-
films from the same batch to known dosesiagyin a solid ~ Point dose of 50 Gyi.e., from two tangent fieldsusing an
water (Radiation Measurements Inc. RMI, USAhantom. alternate “bolus on,” ‘bolus off’ regimen, patient skin dose
Doses of between 0 Gy and 20 Gy were delivered in 2 Gyvas calculated from the measurements.
increments. A calibration curve was then created using )

. L . . I. RESULT
third order polynomial fit to the datd. The radiochromic SULTS ..
film was determined as having an effective measurement | N€ results of measurements, taken at 10° increments, us-
depth of 0.1 0.03 mm. This thickness was determined by N9 radiochromic film, MOSFET detectors, extra thin, thin

comparison to the Attix chamber. Note the thickness of thétnd normal TLD are presented in Fig. 2. Uncertainties are
outer (protective layer of the film is about 0.012 g/Gwac- expressed ag two standard deviations and they are as fol-
cording to the manufacturéf 28 lows: radiochromic film*+3%, MOSFET 3%, extra thin

TLD +3%, and normal TLD+2%2%*3°Note the charac-
teristic shape of the curve indicated how the near superficial
dose increases with the effective depth of measurement of
Three different thicknesses of TLD chips were used.the detectors. Note that entrance percentage superficial dose
Lithium fluoride (LiF) crystals doped with magnesium and (%Dose was 30% and exit was 39% for the extra thin TLDs.
titanium were used with nominal thicknesg€s14 mm(ex- For the thin TLDs the results were 36% and 47%, respec-

B. Thermoluminescent dosimeters
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Fic. 2. Percentage near surface dose obtained using various detectors in-

cluding radiochromigGafchromic MD 55-2 film, TLDs (extra thin, thin Fic. 4. Combined surface dose vs angle on a hemicylindrical surface with
and norma), and a MOSFET detector. Normalized to incident dose,af bolus on for all fractions, bolus off for all fractions, and bolus on for half the
for each detector. fractions. All data normalized to 50 Gy midline dose.

tively. For the normal thickness TLD's the readings wereFig. 3 can be used to predict the surface dose for a parallel
49% and 50%. The Subsequent results were 28% and 47«ppposed treatment where 50 Gy is delivered to the midline of

for the radiochromic film, and 43%, 46% for the MOSFET, the breast. Figure 4 presents this data with and without bolus
respectively. as well as with bolus for half the fractions.

At 90°, the peak of the percentage superficial dose for all
three dosimeters were 57%extra thin TLD, 73% (thin IV. DISCUSSION AND CONCLUSION
TLD), 75% (normal TLD), 58%Radiochromic film, and . . .
In the interests of normalizing dose to a central axis ref-

62% (MOSFET). o , .
Figure 3 shows the incident percentage dose measured. ¢ position a 2020 cnf field was used. It is acknowl-

using radiochromic film for 28 20 cn? and 10< 20 crr? tan- edged that a half-jaw 2020 cn? field is more clinically re-
gent fields, with and without 1 cm of bolus present Thealistic. The differences showed in Fig. 4 for measurements

. . T ._without bolus(e.g., between 26% and 32% at 1@idicate
smaller field size shows less incident surface dose partICL{_hat the main difference at shallow angle of incidence is due
larly at the angles 0° to 60° without bolus. Adding bolus S
cauyses a lar egincrea(;%O% in dose at shallow ingident to less electron contamination for the smaller rectangular

g field size. To confirm this the electron contamination of a

angles(<60°) but at steep incident angl€s-140°) the inci- . :
dent dose is only increased by 10% with the bolus. The in-10>< 20cn? and 20<20 et was measured using an Attix

. S . model 449 parallel plate ionization chamber and a 6%,
crease in dose on the entrance side is due to the lncreaseallg ercentage dd,,) difference was found
buildup material. The increase in dose on the exit side is due P 9 ma ’

to an increase in back scatter material. The data presented in In clinical setup it is common for part of one edge of thg
beam to pass through lung. In general the lack of attenuation

in a low density medium would lead to an increase in exit
dose®233 However disequilibrium in these regions can lead

120 to penumbral flaring and a deficit of dose in lung which then
100 § % % % 3 i 3 has a secondary builddp This phantom dqes not attempt .to.
i 23 measure dose enhancement or attenuation when lung is in-
80 | 3] volved.
2 3 % 3 When clinicians are concerned about a near surface recur-
& 60 - | s s rence they may use bolus continuously or on alternate days
X it TIg sggEI2 of treatment. The minimum dose for each scenario was at the
40 | g z P28 beam entry position anglg.e., 09. For a 50 Gy prescribed
Lz #az*® ZWith bolus 10cm x 20cm midline dose the dose at this position would be 23.6 Gy
20 - 5 Without bolus 10cm x 20cm without bolus, 50 Gy with bolus, and 36.8 Gy with bolus
- without bolus 20cm x 20cm applied for half the fractions. The maximum dose for each
0 ‘ ‘ ‘ r ‘ ‘ scenario was at the most oblique beam arigée, 909. The
0 20 40 60 80 100 120 140 160 180 200 dose at this position was 36.6 Gy without bolus, 56.2 Gy
detector angle on curved surface (degree) with bolus, and 46.4 Gy with bolus applied for half the frac-
Fic. 3. Percentage dose at the phantom surface for an x-ray field with anHOI’IS. .
without 1 cm of bolus for 26120 cn? and 10< 20 cn? field size as mea- Note that the use of a thicker bolus placed on alternate
sured using radiochromic film. Normalized to incident dose af,. days probably gives a more homogeneous final dose distri-
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control was 42.9Gy for the uneven dose fraction delivery  logical Basis for Dose Limitation in the Skifergamon, Oxford, 1992
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