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Summary

	 Background:	 Total body irradiation is a protocol used to treat acute lymphoblastic leukemia in patients prior 
to bone marrow transplant. It is involved in the treatment of the whole body using a large radia-
tion field with extended source-skin distance. Therefore measuring and monitoring the skin dose 
during the treatment is important. Two kinds of metal oxide semiconductor field effect transistor 
(OneDose MOSFET and mobile MOSEFT) dosimeter are used during the treatment delivery to 
measure the skin dose to specific points and compare it with the target prescribed dose.

		  The objective of this study was to compare the variation of skin dose in patients with acute lym-
phatic leukemia (ALL) treated with total body irradiation (TBI) using OneDose MOSFET detec-
tors and Mobile MOSFET, and then compare both results with the target prescribed dose.

	Material/Methods:	 The measurements involved 32 patient’s (16 males, 16 females), aged between 14–30 years, with an 
average age of 22.41 years. One-Dose MOSFET and Mobile MOSFET dosimetry were performed 
at 10 different anatomical sites on every patient.

	 Results:	 The results showed there was no variation between skin dose measured with OneDose MOSFET 
and Mobile MOSFET in all patients. Furthermore, the results showed for every anatomical site se-
lected there was no significant difference in the dose delivered using either OneDose MOSFET 
detector or Mobile MOSFET as compared to the prescribed dose.

	 Conclusions:	 The study concludes that One-Dose MOSFET detectors and Mobile MOSFET both give a direct 
read-out immediately after the treatment; therefore both detectors are suitable options when mea-
suring skin dose for total body irradiation treatment.
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Background

Acute lymphoblastic leukemia (ALL) accounts for 15% of 
acute leukemias [1,2]. Total body irradiation (TBI) for pa-
tients with acute lymphatic leukemia (ALL) is a vital tech-
nique used prior to bone marrow transplant [2]. TBI is used 
in the treatment of ALL to obliterate the malignant cells and 
in the mean time to support the immune system, to avoid 
rejection of the donor bone marrow transplant, thus to al-
low for successful bone marrow transplantation [2]. Since 
the treatment is delivered at an extended source skin distant 
(SSD) of 400 cm, it is important to monitor the skin dose to 
ensure the accuracy of the delivered dose to patients. For 
this procedure of extended distance, the treatment planning 
system (TPS) cannot perform the calculation for the dose, 
thus, the dose has to be calculated by a point-dose determi-
nation at the dose prescription point. The variation in the 
energy dependence for both MOSFETs detectors is beyond 
the scope of the present study. Metal oxide semiconductor 
field-effect transistors have 2 types of detectors, the OneDose 
MOSFET and the metal oxide semiconductor field-effect tran-
sistors Mobile MOSFET dose verification system dosimeter.

OneDose MOSFET detectors verification system (Figure 1) 
(Sicel Technologies, Inc., Morrisville, NC; distributed by 
Med Tec, Orange City, USA), which is a solid-state detec-
tor, now is used in radiotherapy treatment applications to 
measure the entrance and exit dose during the treatment 
[3]. The system is small (3 mm diameter, 25 mm length), 
factory calibrated, wireless, and easy to use. The accuracy 
of the detectors, as specified by the manufacturer, is ±1 cGy 
for a dose of less than 20 cGy and ±5% for a dose of 20 to 
500 cGy (Sicel Technologies Inc). The detectors are factory 
calibrated with a Co-60 beam with full build-up conditions. 
They are normalized to a 6-MV photon beam [5], and each 
detector is valid for 1 use only [3].

In contrast, the Mobile MOSFET system (TN-502RD 
MOSFET dosimeters, Thomson and Nielsen Electronics 
Ltd, Ottawa, Canada) (Figure 2), consists of 5 high-sensitiv-
ity dosimeters attached to a reader. The 5 supports on the 
MOSFETs probes permit measurements of 5 different lo-
cations [3,5]. The attached reader records a voltage differ-
ence in each of the dosimeters when exposed to radiation. 
The difference between the voltages is proportional to the 
total amount of radiation [3]. The Mobile MOSFET chan-
nels are used in the standard basic setting, giving a normal 
sensitivity of ~1 mV/cGy. The overall physical size of the sen-
sors is 1.0×1.0×3.5 mm3, and the actual sensitive volume is 
0.2×0.2 mm×0.5 µm. MOSFET calibrations were performed 
under full buildup conditions, which then produced a very 
small sensing volume and less than 2% isotropy under full 
build-up through 360 degrees rotation. A group of MOSFET 
detectors were exposed to 100 cGy dose using 6 MV from 
Varian Clinac 2300 EX accelerator at 10 cm water equiva-
lent depth. Both MOSFETs detectors are characterized for 
energy response, [5,6]; however, the details of energy de-
pend for MOSFET is out of the scope of the present study. 
All 5 channels of the mobile MOSFET are made for multi-
ple uses and can accumulate a dose up to 7000 cGy before 
it needs to be replaced [7]. The system is controlled by re-
mote dose-verification software running on a personal lap-
top. The present study aimed to compare the target pre-
scribed dose to the dose that is the measured by OneDose 

MOSFET detector and Mobile MOSFET dosimetry in or-
der to determine which system is superior in monitoring 
and measuring the TBI doses.

Material and Methods

Patient selection

Patients with ALL (n=32; 16 males, 16 females) receiving to-
tal body irradiation of 1200 cGy prior to bone marrow trans-
plantation participated in this study. Patient characteristics 
are summarized in Table 1. All patients consented to their 

Figure 1. MOSEFT detectors reader.

Figure 2. Mobile MOSEFT system.

Gender Mean ±SD

Male 22.12±5.22

Female 21.11±5.81

Table 1. Patient characteristics.
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treatments and were selected randomly from our patients 
to measure their skin dose during the treatment of TBI us-
ing dosimetry detectors. The patients were divided into 2 
groups, and each group had 16 patients. For measurements, 
the first group was measured using OneDose MOSFET de-
tectors, and the second group was measured using Mobile 
MOSFET detectors. All the anatomical sites, patient’s po-
sition and the treatment protocol were the same in both 
groups. All patients were treated with TBI protocol as ex-
plained in the treatment session.

Treatment’s protocol

Monitoring skin dose during treatment is considering an 
essential tool for quality assurance in radiation therapy. For 
a treatment such as TBI it is essential to monitor the dose 
that is actually delivered compared to the prescribed dose. 
The TBI technique used in the Department of Radiation 
Oncology, King Fasial Specialist Hospital and Research 
Center, Riyadh, Saudi Arabia takes into account recommen-
dations of the AAPM Task Group 29 [8] based on deliver-
ing 2 opposed bilateral fields (right and left lateral), allow-
ing for sufficient field size to cover the whole body during 
the treatment. The patient is supine and the radiation beam 
is directed horizontally across the treatment room directly 
on the patient. The treatment was delivered at an extend-
ed source-to-surface distance (SSD) of 400 cm, with radia-
tion field size 40×40 cm2 at 1 meter and the collimator was 
rotated through 45° and gantry angle of 270°, using 18 MV 
X-ray beams generated by a Varian Clinac-2300 EX linear 
accelerator (Palo Alto, California, USA). The dose rate was 
200 to 300 Mu/min, depending on the patient’s separation. 
A 1.5 cm thick Perspex™ beam spoiler was used in front of 
the patient to make the dose uniform, with a total dose of 
1200 cGy delivered by a hyper-fractionated technique with 
6 fractions of 200 cGy twice a day over 3 days [7]. The dose 
was prescribed to the patients’ midline depth. Rice bags 
and tissue-equivalent bolus were used to compensate for 
missing tissues to make the dose uniform around the pa-
tient’s body [9,11].

One-Dose MOSFET Detectors were used with the first group 
of patients (n=16). The detectors were first zeroed by the 
handheld reader and then were placed at 10 selective ana-
tomical points for every patient. The total 10 points select-
ed in the patients to measure the skin dose were the neck 
(right and left), lungs (right and left), midline point of 
the patient (between the legs), abdominal area (right and 
left), right eye, umbilicus level and right knee, and the last 
point was the ionization chamber point which was used at 
the groin for absolute dose verification placed between the 
thighs in the mid-perineal region to monitor the dose dur-
ing treatment. After the treatment the detectors were col-
lected and then 2 minutes later each detector was placed in 
the handheld reader and the resulting doses were recorded.

For the second group of patients (n=16), 2 sets of Mobile 
MOSFET were used. One was to cover the superior part of 
the body and the second was to cover the inferior part of 
the body. The 10 individual dose points recorded by the 
2 MOSFET systems were placed in the same selected 10 
points as the One-Dose MOSFET. All dose measurements 
were carried out with the flat side of the MOSFET placed 
to face the beam.

Statistical analysis

Data from each sample were run in duplicate and expressed 
as means ±SD (cGy, n=32 patients). The results were com-
pared using one-way ANOVA analysis followed by Tukey’s 
test for multiple comparison tests. Means were considered 
significant if P<0.05. Statistical analysis was performed by 
means of GraphPad Prism™ package for personal comput-
ers (GraphPad Software, Inc., San Diego, USA) and figures 
was performed by means of GraFit™ package for person-
al computers (Erithacus Software Limited, Surrey, UK).

Results

Both MOSFETs detectors show accurate and reproduc-
ible measurements. Table 1 summarizes the patients’ 

Selected points Prescribed dose One-Dos MOSFET Mobile MOSFET

Right neck 	 200.02±1.22 	 194.03±4.46ns 	 198.02±1.82ns

Left neck 	 199.51±0.55 	 193.02±7.98ns 	 198.10±3.60ns

Right lung 	 200.02±2.20 	 197.21±3.21ns 	 198.12±3.95ns

Left lung 	 199.92±1.42 	 195.83±5.56ns 	 196.11±2.50ns

Chamber 	 200.02±2.12 	 201.01±2.31ns 	 196.01±2.21ns

Right abdomen 	 198.88±1.11 	 195.03±5.05ns 	 196.10±3.36ns

Left abdomen 	 198.92±2.62 	 198.02±2.56ns 	 193.12±3.41ns

Umbilicus 	 200.02±2.02 	 195.05±4.19ns 	 195.21±2.55ns

Right knee 	 200.12±0.12 	 194.01±7.65ns 	 196.11±2.35ns

Right eye 	 200.10±0.10 	 194.92±4.37ns 	 196.11±2.35ns

Table 2. �Measured skin doses (means ±SD, n=32 patients) for selected points in patients with One-Dose MOSFET (n=16) and Mobile MOSFET 
(n=16) during TBI treatment with Linac 2300 EX. The skin dose was measured for a single fraction from parallel opposed field for each 
patient.

Data are expressed as means ±SD; ns – not significantly different as compared to the prescribed dose.
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characteristic that been chosen for the present study. Table 
2 shows the means ±SD of the measured skin doses for the 
selected 10 anatomical sites in each patient. The result 
showed that there was no significant difference between the 
2 systems (One-Dose MOSFET dosimetry and the Mobile 
MOSFET) measurements of skin dose at the treatment of 
TBI as compared to the prescribed dose.

Discussion

Early treatment of acute lymphoblastic leukemia (ALL) with 
chemotherapy and radiation therapy showed a good response 
[11,14]. TBI is a protocol treatment for ALL during radio-
therapy treatment. TBI is used in cases of ALL to demolish 
the cancer cells and to suppress the immune system to al-
low for bone marrow transplantation. TBI is considered as 
an essential technique used prior to bone marrow transplan-
tation [1]. During the treatment it is important to measure 
and monitor the skin dose using patient dosimetry such as 
MOSFET or thermo-luminescent dosimetry (TLD) [15]. 
The present results of our study suggest that if there is any 
major difference between the outcome of using One-Dose 
MOSFET dosimeter and Mobile MOSFET in the treatment 
of TBI, to monitor the skin dose. It is a very important point 
because clinical decisions are currently made with respect to 
skin dose. It is necessary to monitor the skin dose and in the 
meantime to ensure accurate dose delivery to patients, deter-
mined by using selected points in the patient’s body for veri-
fying the accuracy in delivering of the prescribe dose [14,18].

Our results (Table 2) show that for One-Dose MOSFETs mea-
sured dose as compared to the prescribed dose for right and 
left neck decreased by 3%. The percentage mean difference 
in the lung site (right and left) decreased by 1% and 2%, re-
spectively. The percentage mean difference in midline point 
using the ionization chamber increased by 0.5%. For the ab-
dominal area (right and left) percentage mean difference 
decreased by 2% and 0.5%, respectively. Umbilicus region 
percentage means difference decreased by 2% and at the 
right knee site the percentage mean difference decreased 
by, for the right eye the percentage means difference de-
crease by 3%. However, for the Mobile MOSFET measure-
ment of the 10 selected anatomical sites, the percentage 
mean difference between the measured dose and the pre-
scribed dose for the neck area (right and left) decreased by 
1% and 0.7%, respectively. In the lung area (right and left) 
the percentage mean difference between the measured dose 
and the prescribed dose decreased by 1% and 2%, respec-
tively. The midline ionization chamber dose using Mobile 
MOSFET gave a decreased percentage mean difference of 
2% as compared with the midline prescribed dose. For the 
abdominal area, in both right and left, the percentage mean 
difference between the measured and prescribed doses de-
creased by 1% and decreased by 3%, respectively. The um-
bilicus percentage mean difference decreased by 2%, the 
percentage mean different right knee decreased by 2%, and 
for the right eye the percentage means difference decrease 
by 2%. For the midline, which is the point of the ionization 
chamber, it was proven that the dose delivered matched 
the prescribed dose with upper and lower dose limits, de-
creased by only 0.5% of the prescribed dose. However, our 
data showed that there is no significant difference between 
the measured dose by using any MOSFETs system and the 
prescribed dose as shown in Table 2.

It is possible that the small and insignificant differences 
in the results for the both MOSFETs and prescribed dose 
could be the results of the additional buildup from the rice 
bag and/or the bolus that was placed on the patient’s ana-
tomical sites. Because of the use of a 1.5-cm acrylic spoiler 
plate, the bolus, and the large field size, should have been 
in a relatively flat dose region close to the depth of the max-
imum dose [14,15]. Furthermore, although the MOSFET 
has an inherent buildup of 0.88 mm, we had expected that 
the dose absorbed by both of the MOSFET detectors should 
have been nearly the same at most of the selected points. 
The addition of the rice bag (with an approximate thick-
ness of 2 cm) put those detectors beyond the depth of the 
maximum dose, where the additional inherent buildup of 
the MOSFETs should have led to a negligible decrease in 
the percent difference by 3% as compared with the mea-
surements close to depth of the maximum dose. Finally, our 
study is limited by inadequate treatment plans and dose cal-
culation procedure, such as wrong inverse square law cor-
rections or errors due to limitations of the two-dimensional 
treatment planning system used. Our results are consistent 
with previous studies [17–22] in finding no variation be-
tween the measured doses using any MOSFETs system as 
compared to the prescribed dose.

Conclusions

The results show accurate and reproducible measure-
ments with both MOSFETs dosimeters. Both the One-Dose 
MOSFET and the Mobile MOSFET are suitable options for 
measuring skin dose for total body irradiation treatment. 
Both systems can provide valuable skin dose information in 
areas where the treatment planning system may not be ac-
complished, such as for TBI.
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