
Purpose: To investigate the accuracy of field junctioning 
planning techniques (monoisocentric and rotating couch 
technique) for 3D-conformal radiotherapy (3D-CRT). 

Methods: In vivo dosimetry has been performed using ther-
mo-luminescence dosimeters (TLDs) in 10 head and neck 
cancer patients (treated with monoisocentric technique) 
and 10 breast cancer patients (treated with rotating couch 
technique) irradiated with a 6 MV photon beam. Entrance 
dose measurements were performed in selected regions in-
cluding the field junction area.

Results: The mean deviation between measured and ex-
pected dose in the region of junction was significantly high-
er in breast cases compared to head and neck irradiation 

(-2.8±15.4% and 0.2±8.2 % respectively; Mann-Whitney U 
test: p=0.002). A comparison between lateral head and neck 
fields and tangential breast fields revealed that the latter 
was associated with larger dose discrepancies (-2.2 ± 4.6% 
vs -3.5 ± 5.7% respectively; Mann-Whitney U test: p=0.029). 

Conclusions: The results indicate the superiority of monois-
ocentric technique compared to the rotating couch technique 
in terms of dose delivery accuracy for treatments with field 
junctioning planning techniques.
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Computer-assisted treatment planning is a 
fundamental process in modern external radia-
tion therapy. Since the introduction of treatment 
planning systems (TPS) in the clinical routine, a 
number of planning techniques has been evolved, 
beginning with the 3D-CRT, which became the 
base of the contemporary more sophisticated 
treatment modalities (intensity modulated radi-
ation therapy-IMRT, volumetric modulated arc 
therapy-VMAT etc). Many of the current 3D-CRT 
treatment techniques have been developed to 
overcome technical difficulties, emerging from 

linear accelerator’s restrictions and the diversity 
of planning treatment volumes (PTVs). 

Irradiating tumors using field junctioning 
(or field matching) techniques is a well-known 
and commonly performed practice in the clinical 
routine of 3D-CRT [1-9]. It can be applied in PTVs 
containing primary tumors and nearby drained 
lymphatic nodes that fail to be irradiated uniform-
ly by undivided photon fields, due to their shape 
and anatomical distribution [10]. Field matching 
can be achieved either preserving or not the same 
isocenter of the component fields. Despite the 
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efficiency of this field set-up, junctioning planes 
are very sensitive even to minor dislocations of 
the patient on treatment couch and can be easily 
turned into areas of unacceptable dose gradient 
[11].

 The quality assurance (QA) process is essen-
tial in delivering either a qualified dose distribu-
tion or validated irradiation to the patient [12,13]. 
In vivo dosimetry is an available tool to verify 
that the “ideal” field matching, designed in silico, 
is being applied to the patient with precision and 
reproducibility on a daily basis. It could be per-
formed with various types of detectors (TLD), ra-
diochromic films, semiconductor diodes, etc) [14]. 
In our institution, as a routine QA procedure, in 
vivo measurements are carried out via thermo-lu-
minescence dosimetry to patients who were treat-
ed with the use of field junctioning techniques.

The purpose of this study was to evaluate the 
precision of dose delivery to the area of interest 
(field junction), as well as at other sites of the tu-
mor.

Methods

Tld calibration

A total of 50 GR200A TLDs (LiF: Mg, Cu, P) (Solid 
Dosimetric Detector & Method Laboratory-DML, Bei-
jing, China) in the physical form of discs (4.5x0.8 cm) 
were calibrated. The annealing procedure performed by 
an ETT annealing oven (Fimel, Vélizy, France), and the 
optical signal was retrieved by an LTM Manual TLD 
reader System (Fimel, Vélizy, France). The entire pro-
cedure was realized for 6 MV photon measurements at 
the linear accelerators of our department (Clinac 600C 
& Clinac 2100C, Varian Medical Systems, Palo Alto, 
California, U.S.A.). Calibration was carried out along 

with suitable polymethylmethacrylate (PMMA) (phys-
ical density=1.190 gr/cm2) build-up cups. The choice of 
build-up cup thickness (1 cm) was a compromise be-
tween satisfying electronic equilibrium at 6 MeV pho-
ton energy beams and the minimum possible distortion 
of the treatment beam profile. The cups were designed 
to have a cylindrical shape (radius=1.2 cm) in order to 
enclose evenly the disc-shaped detectors.

The handling of the detectors was based on the 
procedure described in detail by Van Dam and Marinel-
lo [14]. Calibration was performed in the reference con-
ditions of field size of 10x10 cm, source-skin distance 
(SSD)=100 cm, no application of wedge nor block tray 
and 15 cm of backscatter material (PMMA plates). 

Study population

 The study cohort included a total of 20 patients. 
The patient population was divided into two groups of 10 
patients, according to the primary site of disease, either 
breast or head and neck. This categorization coincides 
with the different field matching techniques that were 
used (rotating couch technique-breast or monoisocen-
tric technique-head and neck). Both clinical cases were 
treated by 6 MV photon energy beams. In vivo dosimetry 
occurred at least 5 times during their treatment course. 
To avoid the cumulative distortion of the beam profile 
throughout the whole treatment time, the dosimetry ses-
sions were performed with a time interval of 2-3 days. 

TLD positioning 

 Head and neck tumors were treated by two later-
al fields (right and left) in the region of head, that are 
junctioned with an anterior-posterior (AP) field in the 
supraclavicular region. The fields were matched using 
asymmetric collimation. Therefore, all three fields pre-
served the same isocenter (monoisocentric technique). 
This treatment planning technique is commonly re-
ferred to as the “half-beam” technique. The treatment 

Figure 1. TLD positioning in the junctioning line (a) for breast cancer patients and (b) for head and neck cancer 
patients.
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set-up involved patient immobilization utilizing ther-
moplastic masks. Six dosimeters in total were utilized 
at each patient. One dosimeter was located in the re-
gion of each irradiation field (three in total) while the 
other three were located along the visible junction line.

 Whole breast irradiation was performed by two 
tangential fields. The supraclavicular nodes were “ster-
ilized” with an anterior field which was matched with 
the two tangential beams by turning the treatment 
couch (90 degrees). The gantry was also tilted accord-
ingly in order to achieve beam diverging in the edges 
of the fields (rotating couch technique). TLDs were po-
sitioned in the centre of each field and at the isocenter’s 
vertical projection of the tangential fields on patient’s 
skin. Finally, three equally spaced dosimeters were po-
sitioned along the junction line (Figure 1a).

 The in vivo entrance dose measurements were 
compared to the corresponding theoretical values, ob-
tained from the TPS software Eclipse V.7.5, with pen-
cil beam convolution (PBC) photon dose calculation 
algorithm (Varian Medical Systems, California, U.S.A.). 
In order to determine accurately the location of point 
dose measurements in TPS, TLD positioning rules were 
developed. The dosimeters were positioned on pre-
marked places which could be easily determined in the 
computed tomography (CT) images of the patient (e.g. 
radio-opaque markers –Ball bearings/BBs.

 For head and neck cases the junction-line-TLDs 
were positioned at the transversal plane that contained 
the isocenter (Figure 1b). On the other hand, for breast 
cases, the field junctioning line was not vertical to the 
longitudinal axis and not parallel to any CT slice (Fig-
ure 2). Consequently, the points of measurement on the 
junction appeared in TPS at more than one CT slice. To 
avoid dose-indicator cursor misplacement, the follow-
ing relationship was invented (see Appendix, equation):

NTLDSL = (NJSL X dTLD)/ds (1) 
where,

NTLDSL is the number of the CT slices that contains TLD

NJSL is the number of slices in which the junctioning 
line extends

dTLD is the length of the line that contains TLD

dS is the length of the junctioning line (normally it co-
incides with the lower dimension of the supracla-
vicular field).

Taking into account that the detectors were equi-
distant on the skin and setting as ‘k’ the half of the 
difference between junction and TLD slices (Figure 2, 
equation 3, Appendix) 

k= (NJSL-NTLDSL)/2 (2)

the correct measurement point on the CT reconstructed 
image was located every k-th slice, counting from the 
first CT slice in which junctioning is extended. 

 The measured values of dose were actually refer-
ring to spots laying 1.4 cm under the patient’s surface. 
Therefore, the exact determination of the measurement 
points in TPS occurred by locating each TLD place on 
the skin and drawing a vertical to surface line of 1.4 cm 
deep in tissue. Each theoretical value was recorded. The 
measured values of dose were normalized to the theo-
retical ones derived from the TPS software.

Radiotherapy technique and clinical evaluation

For treatment planning purposes, each patient 
underwent a CT scan of the region of interest. For the 
breast cancer cases, the CT slices included the supra-
clavicular area, the ipsilateral axilla and the chest wall 
to 2 cm beneath the sixth rib, with 0.3 cm spacing 
between slices. Concerning the head and neck cases, 
the CT slices included the whole area from the top of 
the cranium down to the 6th thoracic vertebra. The CT 
datasets were then transferred to the Prosoma® virtual 
simulation and contouring system through the DICOM 
network. All contouring of target volumes and normal 
structures (organs at risk-OARs) were performed. Con-
cerning the breast, OARs included the ipsilateral and 
contralateral lung, heart, spinal cord, brachial plexus 
and thyroid gland. Considering the head and neck cas-
es, OARs included the spinal cord, parotids, eyes, inner 
ear, thyroid gland and lungs (left and right). Clinical 
target volume (CTV) and planning target volume (PTV) 
were drawn according to the ICRU criteria [10,15]. For 
the treatment technique, histograms were generated; 
a number of parameters, including mean, median and 
maximum dose were evaluated. The patient setup was 
monitored weekly using portal films. The target dose of 
2 Gy per fraction was administered daily and was pre-
scribed up to 95% at the International Commission on 
Radiation Units and Measurements reference point, at 
the intersection of the central axis of the treated beam 
in the midplane of the target volume. All patients were 
treated on a Varian Clinac 600C and Clinac 2100C linear 
accelerators, with 6MV photon beams (Varian Medical 
Systems, Palo Alto, California, USA).

Especially for the breast cases, the CTV was the 
entire area of the breast. The borders of the chest wall 

Figure 2. Determination of TLD position in treatment 
planning system (TPS) according to the CT slices that 
intersect the diagonal line of junction. The central dots 
indicate the dosimeter placed on skin, while the circles 
around each dot represent the build-up cup. 
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target were the median border of the mediastinum, the 
midaxillary line, 2 cm beneath the contralateral infra-
mammary fold and the superior border of the breast 
target was the head of the clavicle or the second in-
tercostal space. Isocenter was typically placed in the 

center of the treatment field. The PTV was the CTV 
plus 1 cm for safety margins, according to our clinical 
protocol. In general, 1-2 cm of the underlying lung in 
the treatment field was acceptable. Concerning the ir-
radiated volume for regional lymph nodes, all patients 

Figure 3. Deviation between measured and expected doses per individual field and per individual patient for breast 
cancer. Each bar represents the mean value of at least 5-point dose measurements. The black bars represent the devi-
ation values which exceeded the ICRU recommended range of 95-105% of the prescribed dose.

Figure 4. Deviation between measured and expected doses per individual field and per individual patient for head 
and neck cancer. Each bar represents the mean value of at least 5 point dose measurements.
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received radiation therapy from the middle side of level 
II of the axilla (where the surgeon stopped) until the 
supraclavicular site (level IV) with the inclusion of lev-
el III of axilla. No radiotherapy was given to level I of 
axilla.

For the evaluation of skin radiation toxicity, we 
used the EORTC/RTOG acute toxicity criteria [16]. The 
patients were monitored every week during radiother-
apy, and the maximum score was assessed as the final 
radio-dermatitis score. Special notice was taken for the 
junction point, where the final score was separately 
monitored. 

Statistics

 The statistical differences between calculated 
doses and measured ones from TLDs were assessed 
with the Wilcoxon non-parametric test. The differenc-
es between deviations for either breast or head and 
neck cases were assessed with the Mann-Whitney U 
test. Correlations between doses at the junction and 
relevant radiation-induced skin toxicity were per-
formed with the Spearman non parametric test. The 
significance level was set at 0.05. The whole analy-
sis was performed with the SPSS version 10 Software 
(SPSS Inc., Chicago, IL).

Results

The deviations between calculated and mea-
sured dose values in the regions of interest per 
individual patient and field are presented in Fig-
ures 3 and 4 for breast and head and neck tumors, 

respectively. In the case of breast irradiation, 
dose deviations in specific points of measurement 
in the junction area (Junction Centre, Right and 
Left) were higher compared to the measurement 
points of isocenter and centres of tangential and 
supra-clavicular fields, where the action level of 
± 5% has not been exceeded. In contrast to breast 
patients, the entrance dose deviations in head 
and neck patients fell in any case within the de-
termined action level. In Figure 5 the comparison 
of dose deviations between the lateral and tan-
gential fields is presented. Dose deviations of the 
tangential fields were significantly higher com-
pared to the lateral fields (Mann-Whitney U test, 
p=0.029). A comparison of dose deviations in the 
junction area between breast and head and neck 
irradiation is also demonstrated in Figure 6. Dose 
deviations in the junction area for head and neck 
cases were significantly lower compared to breast 
cases (Mann-Whitney U test, p=0.002). The spread 
of dose deviation values between TLD-measured 
and calculated dose is greater in breast treatments 
compared to head and neck treatments. Finally, 
the percent mean values and standard deviations 
of the discrepancies between experimental and 
expected doses, in several specification points for 
breast and head and neck irradiation, are tabulat-
ed in Table 1. 

The radiation induced toxicity for either 
breast or head and neck cases is shown in Table 
2, concerning the global score in all anatomical 

Figure 5. Comparison of lateral and tangential entrance dose deviations between TLD-measured and expected dose.
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irradiated areas along with the evaluations at the 
junction point at the supraclavicular area. The 
Spearman rho test between the radio-dermatitis 
score at the junction and the in vivo doses at the 
same anatomical point showed a significant cor-
relation (rho=0.52, p=0.018). 

Discussion

This work aimed at the quantification of 
the total error (systematic and random errors) 
in the dose delivery chain, especially for irradi-
ation techniques which involve field matching. 
The impact of the potential errors is maximized 
in field matching regions, a fact that justifies the 
increased interest in these specific cases. Field 
junctioning planes (or slices) could emerge as un-
der- or over-dosed areas in case of patient shift-
ing from the original simulation position. This 
misplacement can be caused mainly by improper 
set-up of the patient, normal movements of vital 
organs (e.g. lungs) and any other kind of volun-
tary or involuntary movement. According to the 
derived results the mean deviation in junction ar-
eas between measured and theoretical dose values 
was significantly higher in breast cancer patients 
treated with the couch rotation technique com-
pared to head and neck cancer patients treated 
with the monoisocentric technique (-2.8% vs 0.2% 
respectively, p=0.002). This trend is clearly depict-
ed in Figure 3, where the mean dose deviation in 
the junction region reached down even to -15.4% 
for a certain patient. On the contrary, for head and 
neck treatments (Figure 4), the corresponding 
mean dose values per patient always lay with-
in the ICRU recommended range of 95-105% of 
the prescribed dose [17]. This can be attributed to 
the fact that, in head and neck treatments, where 

Figure 6. Comparison of breast and head and neck entrance dose deviations between TLD-measured and expected 
dose in the junction area.

Table 1. Percentage mean and absolute mean values, 
ranges and standard deviations of the discrepancies 
between measured and expected dose in several speci-
fication points for breast irradiation. In both treatment 
cases J-Right, J-Centre and J-Left refer to the position 
of the dosimeters along the junctioning line

Radiation 
treatment

Regions of dose 
measurement

Mean 
deviation 

(%)

Standard 
deviation 

Breast

IN -2.78 5.6

OUT -4.28 5.67

ISO -0.07 6.67

SUPRA 3.65 5.28

JUNCTION -2.77 15.38

Head-neck

RT -1.75 4.88

LT -2.74 4.35

SUPRA 1.5 6.96

JUNCTION  0.19 8.19

(IN: internal tangential field, OUT: external tangential field, ISO: 
isocenter, SUPRA: supra-clavicular field, JUNCTION: junction 
area) and head and neck irradiation (RT: right lateral field, LT: left 
lateral field, SUPRA: supra-clavicular field, JUNCTION: junction 
area)
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immobilization was achieved by patient-tailored 
thermoplastic masks, errors deriving by uncon-
scious movements were restrained. The optimal 
immobilization in conjunction with the half beam 
or monoisocentric technique (which does not re-
quire any change of the set-up during treatment), 
minimizes as well the errors originating from 
possible positioning misplacement. The dosim-
etric superiority of the monoisocentric technique 
in head and neck treatments is also confirmed by 
Zhu et al. [3] and in breast treatments by Assoui et 
al. [18], since it is associated with more accurate 
and reproducible dosimetry in the plane of the 
junction. In both of our cases, the observed vari-
ations of dose at the field matching region were 
higher than the other points of measurement (Fig-
ures 3 and 4). This is an evidence that the errors 
from patient set-up or movement did not affect 
significantly the dose distribution pattern out of 
the field junction regions. 

 According to Figures 3 and 4, the mea-
sured-to-expected dose deviation of the lateral-tan-
gential and supra-clavicular fields did not spread 
over ±5%. Both mean dose deviation values as well 
as the spread of the deviation values were high-
er in the tangential fields compared to the lateral 
fields as it is observed in Figure 5. In particular, 
a mean deviation of -2.2% and a standard devia-
tion of 4.7% was found in case of lateral head and 
neck fields while for the tangential breast fields the 
mean deviation was -3.5% with a standard devia-
tion of 5.7%, respectively. Similarly to our results, 
a negative mean dose deviation of the tangential 
breast fields and lateral head and neck fields was 
also reported in other studies [19-21]. Voordeckers 
et al. [19] reported a mean deviation of -2.5% and 
-1.6% for breast and head and neck regions, respec-
tively. These deviations were a result of systematic 
inaccuracies in the monitor unit calculation algo-
rithm of the TPS which ignores scatter interactions 
from blocks or missing tissue. Noel et al. [20] also 
reported sub-unity ratios of experimental and ex-
pected entrance dose for breast cancer patients 
treated with and without the use of wedges (0.982 
± 0.051) and head and neck cancer patients treat-
ed with mouldable plastic immobilization masks 

(0.972 ± 0.058). Furthermore, a mean dose devia-
tion of -1.9 ± 0.2% with a standard deviation of 2.4 
± 0.1% was found for breast cancer irradiation in 
a study conducted by Cozzi et al. [21]. In contrast, 
there are studies in the literature that report pos-
itive deviations between delivered and calculated 
entrance doses in case of breast and head and neck 
cancer patients. According to Fiorino et al. [22] the 
mean deviation between the in vivo entrance dose 
and the expected one was 0.1% with a standard de-
viation of 3.5% and 1%, and a standard deviation of 
2.8% for breast and head and neck patients, respec-
tively. In the same study significantly high rates 
of large deviations (>5%) were reported for breast 
fields (15.2%) against lateral head and neck fields 
(9%). In the study of Kalef-Ezra et al. [23] the mean 
entrance doses were 3% higher than those expect-
ed in the external tangential breast fields. For the 
internal tangential fields, the mean dose deviation 
was 1.3%. Finally, Herbert et al. [24] reported a mean 
absolute discrepancy between diode-measured and 
calculated central-axis entrance dose of 4.3 ± 4.0%, 
with a maximum deviation of 13.4% for tangen-
tial 6-MV breast fields. In the same study it was 
observed that the changing contour of the breast 
throughout treatment and the effect of wedge com-
pensators on the off-axis contribution introduced 
significant errors in dose estimation process.

 In the case of supraclavicular fields, a sys-
tematic overdosage (lower than 5%) was observed 
in breast cancer patients. This probably could be 
attributed to the presence of blocks located proxi-
mally to the patient body. Therefore, contaminat-
ing scatter radiation increased the dose signal of 
the TLD. In TPS, scatter radiation from the blocks 
is ignored, leading to systematically lower the-
oretical entrance dose values. Fiorino et al. [22] 
demonstrated that fields equipped with blocks 
were associated with a higher rate of deviations 
larger than 5% (p=0.0003) and 7% (p=0.01) and 
a systematic deviation of 1.7% (p=0.0001). Addi-
tionally, in the study of Loncol et al. [25] a slight 
increase of 2-3% was reported for patients treated 
with blocked fields in comparison with those irra-
diated without any block or tray. 

The aforementioned reasons are not the only 

Table 2. EORTC/RTOG acute skin toxicity scores for either breast or head & neck cases. Global score is for the 
whole anatomical irradiated area, whereas junction is related to the junction with the supraclavicular field

Breast Head & Neck

Mean score SD Mean score SD

Global score 1.7 0.94 2.2 0.78

Junction 1.6 0.84 2.0 0.81

SD: standard deviation
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sources of dose discrepancies. There are also mi-
nor random errors which cannot be avoided. These 
could be errors inserted from the PBC dose calcu-
lation algorithm and errors related to the treat-
ment unit performance (machine daily output). 
The obtained data involves also statistical errors 
resulting from every step of the experimental pro-
cess. The calibration procedure revealed that the 
dosimeters’ intrinsic accuracy and reproducibility 
in dose determination inserted an error < ± 2%. 
Despite the fact that the utilized build-up cups 
were identical, slightly material inhomogeneities 
may affect the optical signal-to-dose relationship. 
During TLD positioning, although the spots of 
measurements were marked on the patients’ skin, 
some minor displacements of the detectors from 
session to session were inevitable. Moreover, the 
exact determination of each point on treatment 
planning software inserted an additional artifact 
in the retrieved results. 

Conclusions

In vivo thermoluminescence dosimetry is a re-
liable method for treatment verification, provided 
that all individual steps of the procedure are care-
fully performed. The derived results offered us an 
apparent image of how sensitive field junction 
areas could be. Any potential fault in the patient 
set-up, and also the inevitable patient movement, 
can alter the ideally planned treatment. For this 
reason, the selection of the appropriate radiation 
therapy technique in order to achieve reproduc-
ibility of the optimal field junction is considered 
mandatory. The monoisocentric technique seems 
definitely superior for 3D-CRT of head and neck as 
well as breast cancer cases, when a supraclavicu-
lar field is used. 

Therefore, with this study we are sharing our 
experience in terms of a QA procedure for either 
breast or head and neck irradiated anatomical 

areas. And last but not least, the main aspect of 
the present report was to fully integrate in vivo 
dosimetry in the clinical routine of our radiation 
therapy unit, in order to achieve a higher level of 
validation and quality control for 3D-CRT tech-
niques. 

Appendix

In the following paragraph, the procedure of 
the determination of the precise location of the 
dosimeters in the CT slices of the TPS for breast 
patients is described.

 The junctioning line on skin for breast cases 
coincides with the lower edge of the supraclavic-
ular field (Figure 3). The junctioning line is en-
compassed by a certain number of slices (NJSL) of 
the reconstructed CT images of the patient. All 
TLDs were placed along the junction line, being 
included by a number of CT slices (NTLDSL). Three 
TLDs were utilized in the junctioning region. The 
central dosimeter was positioned in the middle of 
this line and the outer TLDs were placed at equal 
distances from it. The three dosimeters were cov-
ering a portion (dTLD) of the full length of the junc-
tion projection on the skin (ds).

Given the slice thickness (ST) of the planning 
CT acquisition (ST=0.3 cm) and the dTLD length, 
which was predefined for every measurement 
(equal to 4 cm), the number of CT slices that con-
tained TLDs was easily calculated by utilizing the 
properties of the similar triangles.

(NTLD X ST)/(NJSL X ST = dTLD/ds) (3)

Where the equation (1) can be derived 

 (NTLDSL=NJSL X dTLD)/ds) (1)
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