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Abstract 

Background: in vivo dosimetry of entrance dose was performed using 

thermoluminescent dosimeters (TLD) in order to evaluate the clinical application of 

the build up caps in patient dose measurements and for different treatment techniques. 

Peripheral dose (thyroid and skin) was measured for patients during breast 

radiotherapy to evaluate the probability of secondary cancer induction.  

Materials and methods: TLD-100 chips were used with different Copper build up 

caps (for 6 MV and 15 MV photon beams from two linear accelerators. Entrance 

doses were measured for patients during radiotherapy course for breast, head and 

neck, abdomen and pelvis malignancies. 

Results: The measured entrance dose for the different patients for 6 MV beams is 

found to be within the ±2.6% compared to the dose derived from theoretical 

estimation (normalized dose at Dmax).  The same measurements for 15 MV beams are 

found to be ±3 %.  The perturbation value can reach up to 20% of the Dmax, which 

acts as a limitation for entrance dose measurements. An average thyroid skin dose of 

3.7% of the prescribed dose was measured per treatment session while the mean skin 

dose breast treatment session is estimated to be 42% of Dmax, for both internal and 

external fields. These results are comparable in those of the in vivo of reported in 

literature. The risk of fatality due to thyroid cancer per treatment course is 3x10–3.   



Discussion and conclusion: This result has shown reasonable agreement between 

measured and expected doses compared with previous studies. Copper build up caps 

are reliable enough and feasible. The perturbation is the main cause of limitation for 

entrance dose measurements. Careful calibration and placement of the build up caps 

and TLD handling are necessary factors influencing the results. The risk of thyroid 

dose due to breast cancer is considerable.  It is important for a suitable protection of 

the thyroid gland to be provided especially for patients receiving radical radiotherapy 

when young. 
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Introduction 

In vivo dosimetry for radiotherapy patients is necessary to check that the dose 

delivered to the patient corresponds to the prescribed dose, as calculated by the 

treatment planning system [1]. In vivo dose measurements can be divided into 

entrance dose measurements (dose at the depth of Dmax in the patient body at the beam 

entrance), exit dose measurements (the dose at the negative Dmax depth from the exit 

surface of the body), and intracavitary dose measurements [1, 2]. Entrance dose   

measurements serve to check the output and patient set-up. Exit dose measurements 

serve, in addition, to check the dose calculation algorithm and to determine the 

influence of shape, size and density variations of the body of the patient on the dose 

calculation procedure [1-4].  

The continuous improvement in the cure rate and diagnosis of cancer increased the 

attention about the risk of the induction of a secondary tumour due to irradiation. 

Secondary tumour induction may seem a relatively significant problem, since the 

patient has to survive the primary tumour long enough for a secondary one to become 

obvious ( 1 patient out of 70) [5]. 

TLDs and semiconductor diodes are the most popular tools used in the in vivo 

dosimetry in radiotherapy to date. TLD’s with build up caps are previously reported 

as being suitable for in vivo dosimetry [2,6-9,].  With tissue equivalent material 

(Plexiglas) [4,], Polystyrene[6] or high atomic build up caps materials with powder, 

Aluminium [7] , Polytetrafluoroethylene (PTFE) [7]or a mixture of different 

materials(S.Steel , Paraffin, Perspex) [9], an accuracy of ±2 was achieved. No study 

as far as we know used the TLD chips with high build up cap material. Some 



published studies concerned about peripheral dose [10-14] used diodes [10], TLDs in 

build up caps [11-13] or pen dosimeter [14].  

The purpose of this study is to, (i) investigate entrance dose for different radiotherapy 

treatments using high-energy photon beams (6 MV,15 MV), (ii) Measure skin and 

thyroid doses to be able to predict skin reactions and (iii) Estimate the probability of 

secondary malignancy due to radiotherapy. 

Materials and methods 

Thermoluminescent dosemeters measurements 

Radiation dose measurements were made using two groups of TL dosemeters from 

Harshaw TLD (Bicron-NE, Solon, Ohio, USA) of dimensions 3.1 x 3.1 x 0.89 mm3. 

LiF: Mg, Ti (TLD-100)) was selected to measure patient doses.  

All TLDs were annealed (as recommended by the manufacturer) in annealing oven 

(TLDO, PTW, Freiburg, Germany). The read out for TLD-100 was at a 100 0C 

preheat temperature and the signal was acquired from 100 0C to 280 0C for TLD-100 

with a heating rate of 10 0C/s.  

All measurements have been performed using a 6 and 15 MV X-ray beam produced 

by Elekta SL 18 and SL 75-5 linear accelerator (UK).  

TLD calibration 

 The TLDs are calibrated in a Plexiglas phantom (30 x 30 x 30 cm3) at a depth of 1.6 

cm and 2.7 cm using 6 MV and 15 MV, respectively. The field size of 10 x 10 cm2 at 

phantom surface and source to surface distance (SSD) of 100 cm is employed during 

the calibration. The TLDs was placed at Dmax (1.34 cm (6 MV), 2.30 cm (15 MV)), on 

a Plexiglas phantom of 30x30x10 cm3, for full backscatter (Figure1,2). The 

accelerators are calibrated according to the IAEA TRS 398 [15].  

Physical and geometrical correction factors were obtained prior the measurements.  

In vivo dose measurements 

Entrance dose measurement 

A total sample set of 69 patients was taken, with 183 treatments fields (Table 1), 

(Figure 3,4). 

The build up cap was secured in patient skin with tape in the same position in the 

centre of the field. The expected dose at Dmax was calculated using TPS and the 

dosimetric data obtained from linear accelerator calibration for each field. Isocentric 

and non-isocentric irradiation techniques have been used.  

Peripheral dose measurements  



Thyroid and skin dose were measured during breast radiotherapy, in order to evaluate 

the risk of radiation dose and the probability of a secondary cancer effect. The TLDs 

are packed in plastic foil and attached on the surface of the thyroid and at the entrance 

of the beam at the skin surface during breast radiotherapy. The measurements were 

performed per field and for two fields.  

As far as we know, there is no available data to convert the surface dose to thyroid 

dose during radiotherapy. Therefore, in this calculation we used surface dose as a 

thyroid dose. ICRP  [16] have quoted the probability of a fatal cancer to the general 

public due to irradiation of the thyroid as 20 x10–4Sv-1giving a risk of fatality due to 

thyroid cancer per treatment course. 

 

Results  

The values are averaged per patient and compared to the respectively expected 

entrance dose (Figure 5,a). A good agreement was found between the measured and 

expected dose.  

Breast results were normally distributed around a mean (Figure 5,b). This is similar to 

results found in other institutions with TLD in build up caps  [4,7,8]. 

Figure 5,c, represents the ratio of measured to expected entrance in vivo dose of 8 

patients, treated for abdominal cancer. The measurements show good agreement 

between measured and expected dose in general. Some patients have big errors, due to 

respiratory motion and the difficulty of placement the build up cap in the 

Posteroanterior (PA) field, which decreases the SSD and consequently results in a 

higher dose.  

 Pelvis treatments produced results, which included different clinical conditions 

(prostate, cervix and rectum) distributed around a mean, , Figure 5,d.  

Some patients have big errors, due to respiratory motion and the difficulty of 

placement the build up cap in PA field, which decreases the SSD and consequently 

results in a higher dose. The reproducibility of TLD dose measurements was within 

2%.  

Peripheral dose measurements 

Thyroid and skin doses  

Results of in vivo measurements of the doses delivered to the thyroid were estimated 

as a percentage of the prescribed dose. An average thyroid dose of 3.7% of the 



prescribed dose, which ranged between 90cGy and 133 cGy per field was found. The 

estimated risk was of 3x10–3.  

Discussion  

Entrance dose measurement and build up caps 
The build-up caps of the TLDs perturb the radiation beam, but their effect is limited 

as the in vivo measurements are repeated only a maximum of three times. The 

perturbation value can reach up to 20% of the Dmax (Table 2). These perturbation 

values are comparable to results obtained in previous studies using diodes [17]. The 

perturbation values show that for build up caps there could be a limiting factor in 

entrance dose during in-vivo dosimetry measurements.  

 Kalef-Ezra et al [4] proposed a delivery of 50 cGy to the patient to verify the 

entrance dose, and then removal of the detector to continue the treatment session. This 

is an excellent solution to overcome the perturbation issue, although it will increase 

the time required for in vivo dosimetry.  

The error in-patient set up, or delivery is therefore greater than that found for pelvis, 

and head and neck patients. This is due to, (i) the build up cap being hard to place, as 

fields are tangential on a surface of high obliquity, and (ii) the patient chest surface 

position not being constant, due to patient breathing causing the build up cap to move 

in the direction of the wedge in a wedged field. 

The deviations between actual and described dose can be summarized as being, (i) 

Errors in the setting up of the SSD, wedge filter, shielding blocks, etc (ii) human 

errors   and (iii) unstable accelerator performance. 

Regarding the in vivo studies in the radiotherapy department if the UH Larissa, it was 

only for 10 out of the 69 patients that the absorbed entrance dose deviated more than 

± 5% from the prescribed dose. It is worth to note that, some of the poor dosimetric 

results reflect deficiencies in the build up placement on the patient or, TLD placement 

inside the build up caps, which may lead to interference between adjacent TLD’s. 

Peripheral dose   

The average skin dose was 3.7% of the prescribed dose, which ranged between 90 to 

133 cGy per field, while the mean skin dose was estimated to be 42% of Dmax, for 

both internal and external fields.  

These results are comparable with different results in the literature with the same 

treatment settings (10-12),(Table 3). 



From previous results in literature, it is clear that thyroid received a significant dose 

during breast radiotherapy. Therefore, the routine evaluation of thyroid function is 

important in patients. A suitable protection for the thyroid gland should be provided 

especially if the patient is performing radical radiotherapy and is young.  

Radiation risk 

The estimated risk for the Thyroid is 3x10–3 due to breast radiotherapy treatment. This 

risk is high compared when considering the large number of patients undergoing 

breast radiotherapy. In the literature, Ron et al [18] reported that, an excess of the 

relative risk for cancer induction is 7.7 Gy−1 received by the thyroid below the age of 

15 years. 

Their data suggest that younger children and those treated with Co-60 received higher 

thyroid doses. 

They concluded that a linear accelerator was preferable to Co-60, due to the reduction 

in tissue scatter.  

Careful consideration should be paid to treatment setup, as collimator orientation and 

the use of shadow trays with shielding blocks can alter scattered radiation, increasing 

the thyroid dose significantly. Chougule [19] obtained a reduction of 10 % to 40%  in 

the dose by making use of 0.5 mm thick lead rubber cover over the thyroid during 

radiotherapy. 

Skin dose measurements 

The mean skin dose breast treatment session is estimated to be 42% of Dmax, for both 

internal and external fields. These results are similar to the finding reported in the 

literature. It has been estimated that 90% of patients treated with radiotherapy for 

breast cancer will develop a degree of radiation-induced dermatitis [20].  

The severity of skin reactions during and following breast irradiation is influenced by 

both treatment-related factors and patient-related factors. Treatment-related factors 

include the fraction size, the total dose delivered, the volume of tissue treated, the 

type of radiation, and the addition of chemotherapy. Patient-related factors include 

breast size, smoking, , age, and infection of a surgical wound [10-12].  

 
Conclusions 

Build up caps can be used to accurately determine and test, doses given to patients as 

part of a regular QA programme. The largest spread in ratios of measured and 



calculated entrance dose can be found for breast cancer patients, who are irradiated by 

a pair of tangential fields with wedges. Errors increase for high-energy beams. 

 The limitations of build up caps are time and efforts required to set a calibration, and 

geometrical and physical correction factors. Furthermore, during this work, the TLD 

might break or scratch due to friction with the metallic build up cap.  For this reason 

the authors used a piece of plastic to minimize this effect.  

The risk of thyroid dose due to breast cancer is considerable. Therefore, a suitable 

protection of the thyroid gland is important and needs to be provided especially for 

patients receiving radical radiotherapy when young. 
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Table 1: Number of in vivo entrance dose measurement per anatomic region and per 

type of the treatment. 
 

Anatomic Region  Field No of Patients  No of Measurements  

Head and neck LL, RL 16  45 

Abdomen  AP, PA 8 24 

Breast Field in, field out 24 70 

Pelvis AP, PA, LL, RL 21 44  

Total  69 183 

 



Table 2: Physical data of copper build up caps (all dimensions in mm). 

 

Energy  

 

6 MV  

 

 

 Diameter Wall 

Thickness 

 

Height Perturbation  

6 MV 18.0 1.8 7.0 16.12% 

15 MV 20.0 3.0 8.0 22.459% 

 
 
Table 3: In vivo dosimetry dose results in some studies in literature in comparison 
with the present study. 
 
Authors Number 

of 

patients 

Detector Measurements Errors 

>5% 

Present study 69 TLD Entrance dose 2.6% 

Kalef-Ezra et al [4] 136 TLD Entrance, exit 

and midline 

doses 

1% 

Venables et al [27] 429 TLD Entrance and 

exit doses 

0.99±0.04

 

 


