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Introduction: The aim of this work is to test the suitability of the three dosimetry systems: sugar/EPR 
(Electron Paramagnetic Resonance), lithium formate monohydrate/EPR (LFM/EPR) and sulfamic acid/EPR 
in the control and assessment of the dose delivered in tumor volume and surrounding organs during 
radiotherapy treatment of prostate cancer. Thus, the study proposes to compare the doses calculated by the 
treatment planning system (TPS) with the doses measured by the three dosimetry systems used, in order to 
verify their ability to evaluate the clinical doses administered. 
Material and Methods: To perform this work, the various dosimeters studied were placed at the level of the 
tumor and the surrounding organs in a male anthropomorphic phantom. To simulate radiation therapy for 
prostate cancer, the phantom used was irradiated by 6 MV X-rays after careful implementation of a treatment 
plan for the determination and execution of the prescribed dose, using CT (Computed Tomography) imaging 
and TPS calculations.  
Results: The irradiated dosimeters were analyzed by EPR and the determined doses were compared to the 
doses calculated by the TPS system. The results obtained show that the doses measured by the studied 
dosimetry systems are similar to calculated doses. The sugar/EPR system appears to be more accurate than 
the other two dosimetry systems. 
Conclusion: The three dosimetry systems used show promise for applications as dosimeters in radiotherapy. 
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Introduction 
To avoid the risk of radiological accidents, it is 

important to monitor and measure the effective dose 
of radiation delivered to the patient during a 
radiotherapy treatment. The delivered dose must not 
deviate significantly from the prescribed dose (less 
than 5%) (1). Accurate and reliable dosimeters are 
needed, that can be placed on the patient's skin 
surface at the beam entrance or at the beam exit to 
assess the effective dose delivered during treatment. 
For this purpose, several dosimetry systems have 
been used such as diode (2,3), MOSFET (Metal Oxide 
Semiconductor Field Effect Transistor) (4,5), TLD 
(Thermoluminescent Dosimeters) (6,7), OSL 
( Optically Stimulated Luminescence) (8) and 
dosimetric systems based on the EPR (Electron 

Paramagnetic Resonance) technique (9–12). The EPR 
is a non-destructive method; the dose can be re-read 
several times if necessary (13,14) with the possibility 
of measuring the cumulative dose using the same 
dosimeter during a radiotherapy treatment (15).  

It is also interesting to verify in volume, the doses 
delivered to a tumor and the neighbouring organs 
during a radiotherapy treatment elaborated by a TPS 
(Treatment Planning System). The studies carried out 
in this context focus more specifically on the doses 
delivered to the tumour in volume. These include, for 
example, assessing doses delivered during 
Stereotactic radiosurgery (SRS) (16), verifying dose 
during total body irradiation (17), validating the 
accuracy of a commercial TPS in planning and 
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delivering of dose painting by contours (DPBC) for 
advanced lung cancer compared to conventional 
treatment (18), measure and verify the total doses 
delivered by complex radiotherapy treatments (19), 
or demonstrate that dose painting by numbers 
(DPBN) can be delivered with high dosimetric 
accuracy to an anthropomorphic lung phantom (20). 
Our aim is to develop this dosimetry not only for 
tumours but also for organs at risk. In our work, we 
propose to study the dose distribution in volume 
during a treatment of prostate cancer, using a 
anthropomorphic phantom. For this fact, we used 
three dosimetric systems: sugar/EPR, LFM/EPR and 
sulfamic acid/EPR. These were placed inside the 
tissue equivalent phantom simulating the human 
body, which was then subjected to radiotherapy 
treatment. The dosimeters were then analyzed by EPR 
to measure the dose assigned in volume. Finally, the 
doses measured by the three dosimetry systems were 
compared with the doses calculated by the TPS.  The 
choice of the three materials used is due to their 
dosimetric properties, characterized by their 
sensitivity to low doses of irradiation, the linearity of 
their calibration curve and their good stability during 
the storage period after irradiation (21–24). Thus, this 
work aims to analyze the feasibility of using the three 
dosimetric systems investigated in clinical dosimetry. 

 

Materials and Methods 
Dosimeters preparation 

Table sugar (purchased from a local market, 
Cosumar of Casablanca, Morocco), LFM and sulfamic 
acid were purchased from Sigma-Aldrich. For each 
material, 58 samples of 80 mg were prepared (Figure 1 
(a)). The samples were numbered; each number 
designates a location inside the phantom using a support 

with an orifice when the dosimeter is sectional-type 
inserted (Figure 1 (b)). The samples were protected from 
the effects of environmental factors.  
 

Phantom used 
The phantom used in this study is a CIRS ATOM® 

phantom series male phantom (adult male phantom 
Model 701-D), characterized by a height of 173 cm and 
a weight of 73 kg, designed to study organ dose, whole 
body effective dose and verification of therapeutic 
radiation dose delivery. It is a phantom with traditional 
25 mm thick sections. The surfaces of the sections are 
extremely flat and smooth and do not require any special 
coating or treatment. This results in minimal interfaces 
between the sections when viewed in a scanning or 
projection X-ray machine. The following figure shows a 
real photo of the phantom used mounted to avoid errors 
in the movement of the sections (Figure 2 (a)), and a 
section that shows the positions where the dosimeters 
are placed (Figure 2 (b)). 

 

Irradiation procedures 
Irradiation for dosimetry curves: For the calibration 
curves, powder samples of 80 mg (of sugar, LFM and 
sulfamic acid) were prepared in the form of flat 
rectangles (Figure 1 (a)) and irradiated by X-6 photon 
beams produced in a linear accelerator "TrueBeam 
STx", installed at the Sheikh Khalifa University 
Hospital in Casablanca, Morocco, with doses ranging 
from 0 to 20 Gy. Irradiations were performed by placing 
the sample inside a PMMA phantom (Figure 3). To 
analyze the reproducibility of the results, for each 
irradiation dose and each material, four samples were 
irradiated for low doses (0 to 2 Gy) and two samples for 
high doses. 

  

                                           

                                               
Figure 1. Prepared samples (a) and sample supports inserted in phantom (b). 

 

 
Figure 2. Adult ATOM phantoms (Model 701-D): Head with c-spine, thorax and pelvis (a); section 35, part of pelvis with the localization of 
samples (b). 
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Figure 3. Irradiation Geometry by photon beams. 

 
Before the irradiation (calibration curve samples or 

phantom), the verification of the absolute dose of the 
TrueBEAM STX linear accelerator is made using an 
ionization chamber: Semiflex 0.3 (S/N2184, Flow rate: 
600 UM/Min). The calibration of the chamber is done 
according to the following references: a calibration 
factor of the detector ND,w = 5,361107 Gy/C, a beam 
quality of 60Co, a correction factor KD: 1.00 and an 
uncertainty of 1.1%. 

ND,w: Calibration factor in terms of absorbed dose 
in water. 

 

Phantom’s irradiation 
In this study, we used the 3D conformal radiotherapy 

(RC3D) technique with 4 conformal radiation fields 
(anterior, posterior, right lateral, left lateral), to simulate 
the treatment of a tumor localized in the prostate. To 
control and evaluate the absorbed dose, the dosimeters 
were placed in tumor and surrounding organs. The 
selected nominal treatment dose is 8.5 Gy. This 
relatively high dose offers the possibility to evaluate low 
absorbed doses outside the target volume; in particular 
in the organs at risk. For statistical evaluations and 
reproducibility analysis of results, three irradiation 
experiments were performed for each type of dosimeter 
under the same conditions. 
 
Table 1. Acquisition parameters of CT scan images realized on the 
phantom 
 

Parameter Description  

Type of acquisition Helical Full (0.6 s) 

SFOV Wide 

kV 120 

mA 
Cutting depth (mm) 
Total acquisition time (s) 
Number of images 

250 
2.5  
13.70 
161 

 
 

 

Scanning  
A 16-slice CT scan is performed on the phantom by 

a GE scanner, Discovery CT590 RT, and Optima 
CT580. It is a pelvic exam. The phantom is placed on 
the CT simulator table in the supine position, leaded 
registration points are placed on the images and thin CT 
slices are made, 0.6 mm in width. Table 1 shows the 
parameters of the scanner image acquisition protocol 
with their description. 

 

 Contouring 
To know the dose delivered to the target volume and 

the healthy organs, the preliminary step to planning is 
the delineation of these volumes of interest performed 
by the physician on the CT images, allowing the 
construction of 3D volumes.  The TPS is used to 
delineate the tumor and the organs to be protected using 
contouring tools. On the contouring station, the CT 
images of the phantom are imported and the volumes are 
delimited by drawing the target volume to be irradiated 
and the organs at risk to be spared. Figure 4 shows a 
pelvis CT image where all organs have been contoured 
with dosimeters placed in each organ. 

Table 2 shows all irradiated organs with their 
volume and the number of inserted dosimeters. 
 

Dosimetry 
On the imported and profiled scanner images, our 

treatment ballistics are established on the TPS console. 
The dose calculations were performed by the anisotropic 
analytical algorithm (AAA, Eclipse version 13.3.35) 
with inhomogeneity correction used with a 2.5 mm grid 
for the dose calculation. The TPS calculations were 
validated during the commissioning phase (25), after 
which the linear accelerator was verified daily using 
Farmer ionization chambers (26). The dosimetry 
performed consisted of 4 fields on each side (anterior, 
posterior, right lateral and left lateral) by X-rays 6 MV 
and a prescribed dose of 8.5 Gy (Figure 5).  
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Figure 4. Contouring the target volume and organs at risk on a scanner image, the intervals give the numbers of the dosimeters located in each 
organ. 

 
Table 2. Volume and dosimeters were inserted in each organ tested. 
 

Organ Volume (cm3) Number of dosimeters inserted 

Prostate 40.1 3 

Femura right 69.8 2 

Femura left 80 2 

Bladder 343.8 16 

Testis right 3.5 1 

Testis left 3.3 1 

Intestine 410.7 16 

Pelvis 954.7 17 

 
 

                                    
 
Figure 5. Scanner images imported into TPS: Beams delimiting the tumor (a), 3D Image (b), Frontal cut (c), Sagittal cut (d). 
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The dose of 8.5 Gy was normalized to the isocenter 
of the intersection of all fields. The total dose of 8.5 Gy 
was delivered in one session, at the end the dosimetry 
was validated. 
 

Irradiation treatment 
The phantom used contains orifices located at the 

different organs. Inside these holes, the samples from 
the different dosimeters are placed. Each sample is 
identified with a serial number then, the phantom is 
placed on the treatment table, under a "TrueBeam STx" 
linear accelerator. A quality control test of the linear 
accelerator dose stability was performed before 
irradiation. The alignment was done to the points 
already established in the scanner simulator using the 
IGRT onboard imaging system (CBCT and kV). The 
phantom set-up was reproduced in the same way as the 
dosimetric scanner. We recover the irradiated samples at 
the end of the session. The irradiations were done 
separately for each material. 
 

EPR measurements 
The EPR measurements were made using a 

spectrometer EPR ''MS-400'' Magnettech (Berlin, 
Germany) operating in X-band. Table 3 shows the EPR 
measurement parameters used. These parameters have 
been determined in previous work (21–23). A reference 
sample of 1,1-diphenyl-2-picrylhy- drazyl (DPPH) was 
used as a standard reference for calibration of the 
spectrometer before and after use. 
 
Table 3. EPR measurement parameters. 
 

Parameter Optimal value 

Amplitude modulation 0.5 mT 

Microwave power 1mW 

Number of scans 1-20 times 

Sweep time 60 s 

Time constant 0.1 ms 

Spectrum resolution 4096 points 

Room temperature 23 ± 1 ° C 

Cavity temperature 30 ± 1 ° C 

 
 

Four measurements were registered for each 
irradiated sample. We subtracted the residual signal 
intensity measured on the non-irradiated sample. 

The weight was chosen as part of optimization and 
manufacturing of the small dosimeter. In this study, the 
weight is of the order of 80 mg for irradiation and 60 mg 
for EPR measurements. The samples were irradiated by 
doses ranging from 0 to 20 Gy. From the linear 
regression equations of each curve, we extracted the 
dose absorbed by each dosimeter placed in the phantom.  

It is important to mention that the EPR intensity of 
residual signal, measured on the unirradiated sample, 
was subtracted from the value measured on each 
dosimeter before comparing it to the dosimetry curve. 
This was done to obtain the net dose absorbed by each 
dosimeter and make more accurate comparisons with the 
doses provided by the TPS. 
 

Results 
Dosimetry curves 

EPR measurements were performed one day after 

irradiation with the optimal parameters presented in Table 

3. Figure 6 shows the EPR spectra obtained for each 

material with a dose of 20 Gy. Table 4 shows the results 

obtained for these irradiations, it should be noted that 

before plotting the peak-to-peak (PP) intensities in this 

table, we subtracted the residual signal intensity measured 

on the unirradiated sample.  

The PP values not reported in the table represent 

intensity values not accurately determined. They 

correspond to doses below the measurable threshold dose 

for the material considered (Sulfamic acid threshold dose: 

0.25 Gy (23), LFM threshold dose: 0.55 Gy (22), Sugar 

threshold dose: 1.5 Gy (21). 

RSD (Table 4) is the relative standard deviation, and is 

a measure of relative dispersion. In our study, RSD 

measures the relative deviation in % observed for four 

measurements made of each dose. 

Figure 7 shows the response of each material (sugar, 

LFM and sulfamic acid) to different irradiation doses of X-

rays 6 MV. The spectral analysis is performed using the PP 

method. The EPR response according to the dose for each 

material is linear with a correlation coefficient greater than 

0.999. 

 

            
Figure 6. EPR spectra of the materials used irradiated by X-6MV rays with a dose of 20 Gy: sulfamic acid (a), LFM (b) and sugar (amplified by a factor of 2) 
(c). 

 

0.328 0.331 0.334 0.337 0.34

(a)
Peak to peak intensity 

0.328 0.331 0.334 0.337 0.34

(b)

Peak to peak intensity 

0.328 0.331 0.334 0.337 0.34

(c)

Peak to peak  intensity 
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Table 4. Numerical results of EPR measurements performed on material samples (sugar, LFM and sulfamic acid) irradiated by X-6MV rays with a dose 
range [0-20 Gy]. 

 

 

Dose (Gy) 
 

EPR Intensity PP (a.u) 

Sugar LFM  Sulfamic acid 

Mean (a.u) Std. deviation % RSD Mean (a.u) Std. deviation % RSD  Mean (a.u) Std. deviation % RSD 

0 - - - - - - - - - 

0.25 - - - - - - 229.38 15.43 6.72 

0.5 - - - - - - 339.14 14.89 3.10 

1 - - - 420.34 9.68 2.30 670.58 11.50 1.42 
1.5 165.63 6.76 4.083 436.30 16.15 3.70 1073.77 32.28 2.66 

2 236.13 7.91 3.350 758.52 20.38 2.69 1419.56 22.99 1.47 

2.5 365.28 13.51 3.700 1011.37 4.46 0.44 1864.75 35.77 1.78 
4 619.20 3.81 0.617 1706.78 17.70 1.04 3119.26 94.51 2.90 

6 883.60 34.27 3.879 2577.77 26.41 1.02 4456.84 130.88 2.85 

10 1454.23 14.71 1.012 4042.42 64.85 1.60 7659.05 200.76 2.57 
15 2257.61 58.42 2.588 6086.53 58.25 0.96 11128.03 94.98 0.84 

20 3029.91 17.65 0.583 8081.82 32.89 0.41 14781.18 186.32 1.25 

 

 
Figure 7. Calibration curves of the dosimetric systems used. 

 

The dosimetry curve was established for each material 

used to extract the irradiation doses absorbed by that 

material. Thus, for the three dosimetric systems studied 

(sugar/EPR, LFM/EPR and sulfamic acid/EPR), the 

dosimetry curves were established, PP intensity of EPR 

measured spectrum was represented versus irradiation dose 

(Figure 7). For each material used, the irradiations 

performed for the establishment of the dosimetry curves 

were carried out on the same day and under the same 

conditions, as the irradiations elaborated on the phantom 

containing the samples (temperature, pressure, weight, 

shape, irradiating particle, irradiation energy).  

An uncertainty budget was followed to estimate 

uncertainties regarding the doses extracted from the 

established dosimetry curves. Indeed, uncertainty is 

grouped into two categories (27). Type A dose 

uncertainties (assessed by statistical methods from a series 

of repeated observations (uA) and type B (assessed by non-

statistical methods (uB), i.e., derived from the calibration 

provided by the manufacturer) are combined to estimate 

the total uncertainty of the dose assessed by the dosimeter. 

Various sources can contribute to the uncertainty in 

absorbed dose estimates, such as calibration of the dose 

rate by a reference dosimeter, the irradiation facility, post-

radiation stability, environmental conditions, batch 

uniformity, EPR spectrometer, EPR sensitivity, calibration 

curve fit, sample positioning .... All components of 

uncertainty, whether Type A or Type B, are combined to 

estimate the overall uncertainty. The estimation of the 

uncertainty parameters is based on the methods described 

in the literature. Table 5 summarizes the parameter 

uncertainties for dose monitoring. 
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Table 5. Uncertainty budget associated with dose monitoring by dosimetric systems: Sugar/EPR, LFM/EPR, Sulfamic acid/EPR for a phantom simulating 
prostate cancer irradiated by X-6 MV with a dose of 8.5 Gy. 

 

Uncertainty parameters Type of uncertainty Standard uncertainty % 

Dose rate calibration by reference 
dosimetera (UCal) 

B 1.10 
 

Irradiation facility (UIrrad) B 0.65 

Sensitivity variation of EPR spectrometer (USen) A 0.19 
 

Reproducibility of EPR spectrometer (URep) A 0.68 

 
Batch uniformity (UBa) A Sugar: 1.87 

LFM: 1.49 

Sulfamic acid: 1.88 
 

 

Calibration curve fitting (UFit) 

A Sugar: 0.85 

LFM: 0.78 
Sulfamic acid: 1.37 

 

Temperature effect (UTem) A Not evaluated and 
estimated negligible 

 

Post-irradiation stability (UStab) A Sugar: 0.04 
LFM: 0.13 

Sulfamic acid: 0.09 

 
Humidity effect (UHum) A Not evaluated and 

estimated negligible 
Sample positioning (UPos) A 0.21 

 
a as quoted from calibration certificate. 

 
Table 6. Summary of the budget of uncertainty of each dosimetric system. 

 

Dosimeter Sugar/EPR LFM/EPR Sulfamic acid/EPR 

Uc (1σ) % 2.54 2.24 2.75 

Uc (2σ) % 5.09 4.48 5.51 

 

The combined uncertainty (Uc), 1σ type was estimated 

using the following formula: 
  

Uc = √
U𝐶𝑎𝑙

2 + UIrrad
2 + USen

2 + URep
2 +

UBa
2 + UFit

2 + UHem
2
+ UTem

2 + U𝑆𝑡𝑎𝑏
2 +𝑈Pos

2
 

 

                                                                                       (1) 

 

The doses extrapolated from the calibration curves are 

evaluated with an error rate relative to the cited parameters. 

we represent the results of the uncertainty budget of each 

material in Table 6. 

From the data in Table 6, the combined uncertainty 

(1σ) of the dose is found to be approximately 2.54 % for 

sugar, 2.24 % for LFM and 2.75 % for sulfamic acid. The 

overall uncertainty (the combined standard uncertainty 

multiplied by a coverage factor of 2, σ=2), was found to be 

5.09 % (sugar), 4.48 % (LFM) and 5.51 % (sulfamic acid). 

These uncertainty values prove the validity of the 

dosimeters prepared for application in the verification and 

quality control of the radiation therapy dose especially in 

the case of prostate cancer treatment. These uncertainties 

can be reduced by manufacturing calibrated pellets in 

weight and volume. 

 

Evaluation of the absorbed dose by the employed 

dosimetric systems and comparison with the TPS data 

Table 7 shows the results of dosimetric measurements 

using the three types of dosimeters used, incised into the 

phantom at the level of the prostate tumor and 

neighbouring organs; and the results of the calculations 

made by the TPS system. 

For each type of dosimeter, three phantom irradiation 

experiments followed by EPR measurements were 

performed. The estimate dose value shown in the table is 

the mean value for the three experiments and the deviation 

shown is the percentage difference between the dosimeter 

measurements and the values given by the TPS system. 

The dose values not displayed in the table correspond to the 

values below the threshold measurable by the dosimeter 

(threshold values represented above). Following the 

treatment plan implemented, we find that the prostate, 

pelvis and bladder received almost the nominal dose of 8.5 

Gy, as well as part of the intestines. A part of the femur 

received a relatively high dose of 5.3 Gy and another part 

received a low dose. The testicles received a relatively low 

dose.  
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Table 7. Doses measured by the sugar/EPR, LFM/EPR and sulfamic Acid/EPR dosimetry systems compared to those calculated by the TPS system. 
 

           Results of EPR measurements (Peak-to-peak)  

 

Organ Dosimeter 
ID 

 

TPS  Sugar  LFM  Sulfamic Acid  

Mean_Dose 

(Gy) 

 

 

Mean_Dose 

(Gy) 

% dose 

difference 

(TPS - Sugar)  

Mean_Dose 

(Gy) 

% dose 

difference 

(TPS-LFM) 

Mean_Dose 

(Gy) 

% dose difference 

(TPS_Sulfamic 

acid) 

 

Prostate 

1 8.4 8.41 1.54 8.35 0.73 8.46 2.48 

2 8.4 8.38 0.33 8.46 0.71 8.42 0.97 

3 8.3 8.37 1.54 8.35 1.55 8.01 3.49 

 

Femura 

4 5.3 5.38 1.59 5.34 2.10 5.36 3.91 

5 5.3 5.37 1.25 5.34 0.74 5.44 2.73 

6 0.6 - - 0.59 2.39 0.60 3.42 

7 0.5 - - - - 0.59 19.34 

Testes 
8 1.5 1.43 4.38 1.44 4.09 1.34 0.93 

9 1.4 - - 1.33 5.32 1.38 0.75 

Intestine 

10  0.5 - - - - 0.55 7.48 

11 0.5 - - - - 0.56 12.56 

12 0.5 - - - - 0.49 7.53 

13 0.6 - - 0.64 6.56 0.57 6.58 

14 4.6 4.58 3.60 4.10 10.94 4.24 7.85 

15 6 5.82 2.99 5.82 3.05 5.66 3.01 

16 4.8 4.73 1.36 4.74 4.49 4.60 4.21 

17 6.6 6.52 1.23 6.48 3.45 6.39 3.21 

18 4.9 4.86 0.95 4.93 0.70 4.98 3.00 

19 8.5 8.33 2.02 8.51 1.49 8.53 2.70 

20 8.9 8.97 0.91 8.81 1.43 8.56 3.85 

21 7.9 8.00 3.14 7.88 2.94 7.81 2.12 

22 8.5 8.39 1.29 8.58 1.53 8.47 0.81 

23 8.5 8.64 3.12 8.36 2.05 8.65 2.81 

24 8.7 8.76 1.60 8.65 1.01 8.49 2.44 

25 8.6 8.67 0.89 8.41 2.22 8.59 2.00 

 

Pelvis 

26 5.6 5.58 0.41 5.73 2.34 5.56 1.78 

27 8.5 8.57 2.69 8.42 1.04 8.36 1.73 

28 6 5.98 2.20 6.02 1.47 6.07 1.10 

29 5.6 5.61 1.91 5.66 1.15 5.69 7.70 

30 5.6 5.58 1.56 5.63 0.82 5.76 2.83 

31 8.6 8.69 2.68 8.34 3.02 8.45 0.44 

32 8.5 8.36 1.69 8.47 1.91 8.66 3.72 

33 8.7 8.77 0.85 8.64 2.33 8.47 1.07 

34 8.5 8.35 1.73 8.45 1.05 8.49 0.99 

35 8.7 8.73 3.40 8.64 0.90 8.85 2.95 

36 8.6 8.75 1.73 8.72 2.55 8.83 3.91 

37 8.6 8.60 0.93 8.64 0.82 8.78 2.07 

38 8.6 8.71 1.23 8.63 1.28 8.79 3.01 

39 8.6 8.82 2.51 8.51 2.29 8.57 3.07 

40 8.5 8.41 1.93 8.43 1.37 8.74 2.79 

41 8.1 8.05 1.26 8.01 1.14 8.14 0.70 

42 8.1 8.17 0.87 7.96 1.69 8.09 7.90 

Bladder 

43 8.8 8.84 2.33 8.76 1.31 8.99 3.71 

44 8.8 8.88 2.33 8.69 1.80 8.99 2.19 

45 8.7 8.63 0.85 8.71 1.59 8.71 4.43 

46 8.8 8.78 1.52 8.64 1.77 8.77 0.97 

47 8.8 8.92 1.31 8.78 1.10 8.96 2.90 

48 8.7 8.82 2.66 8.64 0.79 8.59 1.29 

49 8.5 8.38 1.45 8.48 1.54 8.57 4.11 

50 8.6 8.71 1.26 8.60 1.74 8.62 1.29 

51 8.6 8.68 1.87 8.73 1.51 9.23 6.61 

52 8.4 8.39 0.81 8.44 2.61 8.43 2.35 

53 8.5 8.61 2.83 8.58 0.96 8.88 5.99 

54 8.4 8.42 1.47 8.43 0.52 8.75 3.69 

55 8.4 8.44 1.47 8.44 2.41 8.87 5.62 

56 8.2 8.18 1.25 8.25 2.56 8.23 1.11 

57 8.2 8.25 1.07 8.25 1.70 8.31 2.25 

58 8.4 8.33 2.07 8.43 1.05 8.30 0.96 
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Discussion 
Considering the percentage difference between the 

dosimetric measurements and the TPS calculations, we 
can see that the results are relatively comparable, both in 
terms of the dose delivered to the tumor and the dose 
received by the neighbouring organs. 

Some dosimeters give doses that deviate 
significantly from the TPS doses. This deviation is 
possibly due to the position and geometry of the 
irradiated sample, where part of the sample may be 
placed in a border zone between volumes irradiated with 
different doses. 

From the results of this table and according to the % 
difference between the TPS dose and the dose calculated 
by each dosimetric system, we can also conclude that:  
 For the sugar/EPR system: 

100 % of measurements are below 5 % and 91 % are 
below 3 %. 
 For the LFM/EPR system: 
95 % of the measurements are below 5 % and 86 % are 
below 3 %. 
 For the sulfamic acid/EPR system: 
81 % of measurements are below 5 % and 53 % are less 
than 3 %. 

The sugar/EPR system has better accuracy than the 
LFM/ EPR system, which is more accurate than the 
sulfamic acid/ EPR system. This accuracy is 
undoubtedly due to the stability of free radicals during 
the storage period 

In order to compare our work with similar previous 
studies, we noted that Waldeland et al conducted 
Stereotactic radiosurgery Stereotactic radiosurgery 
(SRS) dosimetry using Lithium Formate EPR 
dosimeters, with a deviation of 1.7 % for a dose of 15 
Gy (16). Schaeken et al verified a total body irradiation 
protocol using Alanine/EPR dosimetry in an 
anthropomorphic phantom with an uncertainty of 0.6 % 
for an administered dose of 10 Gy (17). Knudtsen et al 
used the Alanine/EPR dosimetry system to validate the 
dose painting technique for lung tumors (18). Höfel et al 
used Alanine/EPR and LFM/EPR for measuring and 
verifying the total doses delivered during complex 
IMRT treatments (19). Papoutsis et al evaluated the 
dosimetric accuracy of dose painting by numbers 
(DPBN) based on positron emission tomography using 
the alanine/EPR system (20).  

Our study analysed the performance of three 
dosimeter systems: Sugar/EPR, Lithium Formate 
Monohydrate/EPR and Sulfamic acid/EPR, in assessing 
volume doses during radiotherapy treatment for prostate 
cancer. The aim of this study is not only to verify the 
dose delivered to the tumour, but also to assess the doses 
absorbed by the surrounding organs. This presents a 
number of difficulties in estimating the low doses 
received by these organs. The results showed the high 
sensitivity of the systems used, of the order of 0.25 Gy 
for Sulfamic acid and the good accuracy, in particular in 
the case of Sugar/EPR system. The doses obtained by 
the three systems are comparable to those of TPS, with a 

deviation of less than 5 % for low doses (of the order of 
0.5 – 0.25 Gy) administered to organs at risk.  

Most of the similar studies to our work have focused 
on the relatively high doses attributed to tumours. The 
majority of these studies have used particularly heavy 
and high-range EPR spectrometers, which could explain 
the level of precision obtained. In the case of our study, 
the doses less than 0.25 Gy are measured with resonable 
accuracy, using a small-range portable EPR 
spectrometer, which offers the potential for application 
of our systems in clinical dosimetry. 

 

Conclusion 
Thus, this study led to the following results: 

 Possibility of measuring the dose assigned in 
volume to a tumor and neighbouring organs during 
radiotherapy treatment of prostate cancer. This 
dose measured can be as low as 0.25 Gy. 

 The ability of table sugar, LFM and sulfamic acid 
to be used in the assessment of administered doses, 
based on the measurable threshold dose for each 
material. 

 The analysis of the deviation between the dose 
values calculated by the TPS system and the doses 
measured by the three materials revealed that this 
deviation does not exceed 5% in the case of more 
than 80% of the dosimeters analyzed. Table sugar 
appears to be more accurate, with 100% of the 
samples analyzed showing a deviation of less than 
5%. 

 Our study has the advantage of proving that it is 
possible, using a portable, short-range EPR 
spectrometer, to carry out clinical dosimetry with 
reasonably acceptable accuracy. 

Finally, the sugar/EPR, LFM/EPR and sulfamic 
acid/EPR dosimetry systems have the capacity to control 
and verify the prescribed doses in volume, during a 
radiotherapy treatment. 
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