
Breast cancer is often treated with radiotherapy (RT), with 
two opposing tangential fields. When indicated, supracla-
vicular lymph nodes have to be irradiated, and a third an-
terior field is applied. The junction region has the potential 
to be over or underdosed. To overcome this problem, many 
techniques have been proposed. A literature review of 3 Di-
mensional Conformal RT (3D CRT) and older 3-field tech-
niques was carried out. Intensity Modulated RT (IMRT) 
techniques are also briefly discussed. Techniques are cat-
egorized, few characteristic examples are presented and a 
comparison is attempted. Three-field techniques can be di-
vided in monoisocentric and two-isocentric. Two-isocentric 
techniques can be further divided in full field and half field 
techniques. Monoisocentric techniques show certain great 

advantages over two-isocentric techniques. However, they 
are not always applicable and they require extra caution 
as they are characterized by high dose gradient in the junc-
tion region. IMRT has been proved to give better dosimetric 
results. Three-field matching is a complicated procedure, 
with potential of over or undredosage in the junction re-
gion. Many techniques have been proposed, each with ad-
vantages and disadvantages. Among them, monoisocentric 
techniques, when carefully applied, are the ideal choice, pro-
vided IMRT facility is not available. Otherwise, a two-iso-
centric half beam technique is recommended. 
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Breast cancer is the second most common 
type of cancer worldwide (after lung cancer) and 
the most frequent cancer in women [1,2]. It is the 
second cause of cancer death in women both in 
Europe [2] and in the US [2,3]. Several therapeu-
tic methods for breast cancer treatment are used, 
namely, surgery, systemic therapy and radiation 
therapy. RT is used supplementarily to surgery 
and/or systematic therapy or as a single treat-
ment method. The role of adjuvant RT follow-
ing lumpectomy or mastectomy is well defined. 
When treating with photons, breast or chest wall 

is treated with tangential fields. For breast irra-
diation two opposing tangential fields are mainly 
used. In many cases not only breast but regional 
supraclavicular lymph nodes need to be irradiated 
[4-6]. In these cases, an extra anterior supraclavic-
ular field is applied. The anterior field should be 
precisely matched with the two tangential fields 
in order to avoid cold and hot spots in the match-
ing region (junction). Due to complex geometry 
of breast region, this matching can be appropri-
ately achieved in three dimensions. The number 
of proposed techniques in this area indicates the 
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difficulty in accurate three-field matching. An ap-
propriate Quality Assurance is therefore manda-
tory, whichever approach is used. 

Techniques in clinical practice 

It is important to individualize RT planning and 
delivery. Computed tomography (CT) based treat-
ment planning is encouraged to delineate target 
volumes and adjacent organs at risk. Greater target 
dose homogeneity and sparing of normal tissues 
can be accomplished using compensators, such as 
wedges, forward planning, using segments, and 
IMRT. Respiratory control techniques, including 
deep inspiration breath-hold, and prone positioning, 
may be used to try to further reduce dose to adjacent 
normal tissues, particularly the heart and lung. 

In this work a literature review of three-field 
breast RT techniques was carried out. Two types 
of works were considered: papers describing new 
three-field techniques, and papers comparing 
some of these techniques. More complex tech-
niques (IMRT) are briefly discussed, as 3D CRT is 
still the conventional treatment method in many 
parts of the world. The aim of this work was triple: 
three-field techniques evolution presentation, cat-
egorization and comparison. 

Matching treatment of adjacent breast and su-
praclavicular target volumes represents the most 
complex clinical problem [7], mainly because of 
the irregular morphology of breast region (e.g. 
breast shape, chest slope, inhomogeneities) and 
the divergence of the fields [8]. Accurate matching 
is of great clinical importance: Field overlap will 
lead in overdosage in the junction region, which 
could result in tissue damage, e.g. fibrosis. On the 
other hand, an unexpected field gap will lead in 
underdosage in the junction region, which could 
result in failure of tumor control. To overcome 
this problem a number of techniques have been 
proposed. However, it is important to mention 
that in clinical practice, set up uncertainties [9] 
and jaw-positioning accuracy [10] affect the dose 
distribution in the junction region more than 
the used technique. Several techniques are used 
when three-fields must be applied, many of them 
aiming at the best dosimetric results in the junc-
tion region. Three-field techniques can be distin-
guished in two categories, depending on whether 
one or two isocenters are employed. The follow-
ing classification is not all-inclusive list of three-
field techniques; only some typical examples for 
each group have been selected. Moreover, some of 
the quoted techniques are no longer in use, due to 
technology developments. 

The first category consists of techniques that 
use two isocenters, one for the tangential fields 
and a second for the anterior field. Two-isocentric 
techniques are further grouped to full beam and 
half beam techniques.

Full beam as two-isocentric technique

The first group of two-isocentric techniques is 
characterized by the use of two full tangential and 
one full anterior beam. Beam divergence is han-
dled using two approaches; geometric movements 
and/or a measured gap. Field modification is often 
accomplished using machine movements alone 
[11,12]. In other words, field borders are aligned 
and matched by applying couch, collimator and 
gantry rotations. The superior border of tangential 
fields is usually modified with couch and collima-
tor rotation or couch rotation alone, whereas the 
inferior border of the anterior field is usually mod-
ified with couch and gantry rotation. An accurate 
angle calculation is therefore essential. In 1981, 
Siddon [13] presented a mathematical method 
which considers gantry, collimator and couch as 
coordinate systems. More recently Hernandez et 
al. [14,15] have published a more general solution 
which encompasses all the already known equa-
tions, assuming fixed field sizes or fixed isocenter 
positions. In our institution, full field techniques 
are mainly used. Determination of the angles is 
made either by the auto field alignment tool of 
TPS or manually, using ‘’trial and error’’ method. 

Another common approach is the use of a 
gap between the superior border of the tangential 
fields and the inferior border of the supraclavicu-
lar field [11,12,16]. Gap size may vary from 1 to 11 
mm [11,16], when the most common size among 
UK radiotherapy centers is 5 mm [11]. Obviously, 
this approach is not a beam matching technique; 
however it is often used because field overlap is 
avoided. Gap technique is employed as a single 
modification method for the anterior filed or in 
combination with machine movements for the 
modification of the tangential fields. 

Half beam as two-isocentric technique (Figure 1)

In this group, not full but half beams are used 
for the geometric divergence to be removed. Us-
ing different methods the lower half of the supra-
clavicular field or the upper half of the tangential 
fields is blocked and thus made non divergent. By 
that means, matching line is defined by the sharp 
edge of the blocked field and beam divergence has 
to be dealt for the remaining field(s) only. Further 
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field matching is achieved by appropriate geo-
metric movements. A variety of half beam tech-
niques have been recorded in the literature and 
some of them are listed below. Svensson et al. [17] 
presented a technique where the anterior field 
is half–blocked and the tangential fields’ upper 
edges become vertical with a hanging shielding 
block. With appropriate geometric movements, 
these three vertical edges are matched. Siddon et 
al. [18,19] modified Svensson technique, using a 
rotated half beam block to align the upper edges 
of the tangential fields. Later this technique was 
further improved, as the bulky rotatable block 
was replaced by small corner blocks [19]. In 1986, 
Lebesque [20] developed a general formula where 
angles block positions and field dimensions can 
be calculated, regardless of the used technique. In 
another technique [21] the appropriate set up is 
determined using a rod and a chain. More recent-
ly, a modern version of this technique was pre-
sented, where rod and chain are replaced by an 
external skin contour, created by the Treatment 
Planning System (TPS) [22]. Lu et al. [23], taking 
advantage of Multi Leaf Collinators (MLCs), de-
veloped a technique with a new set up routine 
and a mathematical formalism to calculate the re-
quired machine rotations. The general solutions 
proposed by Hernandez et al. [14,15] are also ap-
plicable in half beam techniques. 

Monoisocentric techniques (Figure 2)

Use of a single isocenter for all three fields 
is the main characteristic of this group. The iso-
center is placed in the junction of tangential and 
supraclavicular fields. The upper half of the tan-
gential fields and the lower half of the anterior 

field are half-blocked, using blocks or MLCs. 
A monoisocentric technique for breast irra-

diation was first implemented at Mc Gill Univer-
sity, Montreal [24] as a modification of previous 
two-isocentric half beam techniques [17,25]. The 
vertical hanging block was replaced by a half 
block. Later Conte et al. [26] presented a monois-
ocentric technique using individualized shielding 
blocks. Rosenow et al. [27] applied a combination 
of asymmetric jaw and small blocks. The monois-
ocentric technique was further improved [28,29] 
and use of asymmetric jaws eliminated the need 
for blocks. Recently Romeo [16] developed a new 
technique, based on four independed asymmetric 
jaws that does not require additional shielding 
to protect the lung. Another approach is monois-
ocentric three-field technique without the use of 
half beam blocks by Zhang et al. [30]. This method 
eliminates the requirement that the supraclavic-

Figure 1. Half-field technique for irradiation of tan-
gential breast fields and supraclavicular field.

Figure 2. Monoisocentric technique for irradiation of 
tangential breast fields and supraclavicular field.

Figure 3. Full-field technique for irradiation of tangen-
tial breast fields and supraclavicular field.
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Table 1. Advantages and disadvantages of techniques for breast radiodiotherapy
Techniques Advantages Disadvantages
full-beam as two-isocentric no tangential field size limitation not-satisfactory dosimetric results

high-dose gradient in junction region
half-beam as two-isocentric more homogenous dose distribution in junction 

region

daily reproducibility

greater treatment time

no set up simplicity

monoisocentric satisfactory dosimetric results

reproducibility

greater protection of organs at risk

set up simplicity

total treatment time is shortened

tangential field size limitation

high-dose gradient in junction region

ular field has to be half-beam blocked, so that the 
isocenter can be located inferior to the matcing 
plane. Compared with approximate beam match-
ing, the new approach always produces perfect 
geometric matching. 

The tangential breast fields are geometrically 
matced with the supraclavicular field by rotating 
the collimator and couch. Similar to the dual-iso-
center approach, the full-field length can be uti-
lized for the tangential fields (Figure 3). With a 
single isocenter, the treatment delivery requires 
only one setup, thereby treatment time is signifi-
cantly reduced. More importantly, without man-
ual matching using a light field, the new method 
reduces dose variation in the matching region due 
to setup uncertainties. 

Advantages and disadvantages (Table 1)

Three main technique groups are regular-
ly used when three fields must be applied in the 
breast region: three full fields with geometric or 
gap modification, two full tangential fields and a 
half blocked supraclavicular field (or, more rarely, 
two half blocked tangential fields and a full supra-
clavicular field) or three half blocked fields with a 
common isocenter. Among these three, monoiso-
centric techniques are believed to be the most effi-
cient, as they offer a number of advantages. First-
ly, satisfactory dosimetric results can be obtained 
i.e. accuracy in dose delivery, dose homogeneity 
in the junction region (cold and hot spots avoid-
ance) and reproducibility between the treatment 
seasons. In a study involving 18 patients carried 
out by Banaei et al. [31], two plans were designed 
for each patient using single and two-isocentric 
full field technique respectively. Two-isocentric 
techniques resulted in higher values of: V105%, 
maximum dose in the junction region and level 2 
lymph nodes mean dose. Overlap of the treatment 
beams is the reason for these results. Similarly, 
Assaoui et al. [32] compared dose volume histo-
grams (DVHs) of 30 patients. Dose distribution in 

PTV was similar in both techniques but hot spots 
were lower using the monoisocentric technique. 
Specifically, the maximum dose in the junction 
region was 52 Gy (two-isocentric) and 46 Gy 
(monoisocentric) while the prescribed dose was 
42 Gy. Another important finding is that monois-
ocentric technique has been demonstrated to pro-
tect organs at risk such as lung and the heart. In 
another study [33] 18 patients were treated with 
monoisocentric technique. No enhancement of 
skin reaction at the field junctions was observed. 
Additionally, no recurrences and no serious side 
effects connected with irradiation were observed 
in a 10-month period. Urbańczyk et al. [34] de-
scribed the implementation of a monoisocentric 
technique to 68 patients. Dose delivery accuracy 
was checked by in vivo dosimetry and portal imag-
es. Using this technique, hot spots were avoided. 
Diamantopoulos et al. [35] compared dose delivery 
accuracy in the junction region between a two–is-
ocentric technique in breast cancer patients and a 
monoisocentric technique in head and neck can-
cer patients. Dose in the breast junction region ex-
ceeded ICRU recommended range (95-105%) sev-
eral times, whereas this limit was not exceeded at 
all in head and neck junction region. Two-isocen-
tric half beam techniques have also been reported 
to give sufficient dosimetric results. START trial 
QA team visited 36 radiotherapy centers in the UK 
in order to document and verify in vitro the tech-
niques in use [11]. Two centers used monoisocen-
tric technique, 7 centers used two–isocentric half 
beam techniques, 16 centers used two–isocentric 
full beam techniques, 9 of them applied 0.5 cm 
gap, while the rest used combinations that were 
not examined. Best results in terms of uniformity 
and dosimetry were produced by two–isocentric 
half beam and monoisocentric techniques, while 
full beam techniques did not give satisfactory 
results. Half beam techniques produced a more 
homogeneous dose distribution in the junction 
region and daily reproducibility was achieved; 
therefore their use is recommended. Α half beam 
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technique described by Lu et al. [24] was verified 
in silico, using geometrical simulation, and in vi-
tro, using film dosimetry in a solid phantom. Both 
methods demonstrated perfect match and dose 
homogeneity between the anterior and tangential 
fields. Dose to contralateral breast and ipsilater-
al lung was lower compared to a previously used 
technique. 

Set up simplicity is another benefit of monois-
ocentric techniques. Comparing to two-isocentric 
techniques where a repositioning step is required, 
in single isocenter techniques dose can be deliv-
ered at once without couch motion. In this way, 
errors connected to patient misplacement because 
of couch motion, are avoided. Additionally, the to-
tal treatment time is shortened, so errors from 
unmeant patient movements are minimized [32-
36]. A mean reduction from 16.8 to 8.3 min has 
been reported [35]. However, it should be men-
tioned that planning time is longer compared to 
two-isocentric techniques [32,34]. Finally, angles 
determination is easier, compared to complicat-
ed calculations demanded, especially, in full field 
techniques [15]. 

On the other hand, monoisocentric tech-
niques come with two noticeable drawbacks. The 
most significant one is the tangential field size 
limitation. As only the half field is used and the 
maximum field size available is 40 x 40 cm², it 
can be easily understood that the maximum cur-
able breast length is 20 cm. This restriction is the 
main reason why two-isocentric techniques are 
in use. There are many cases where a 20 x 20 cm² 
field size is not enough to cover the whole breast. 
Then, either a full field or a half supraclavicu-
lar field technique must be used. Another issue, 
common to mono-isocentric and two isocentric 
half beam techniques, is the high dose gradient 
in the junction region [11,37]. This is of great im-
portance, as a small inaccuracy in field matching 
could result in a high dose delivering error both 
to targeted and contralateral breast [11,38]. Sub-
millimetre accuracy and careful jaws calibration 

is therefore required [11,37,39]. IMRT includes 
modern, more complex techniques than 3D CRT 
where inverse planning algorithms are used to 
optimize beam intensities. Several studies have 
been carried out comparing IMRT with 3D CRT 
efficiency in breast or chest wall cancer treatment, 
especially when supraclavicular lymph nodes had 
to be irradiated. A study held by Morganti et al. 
[40] showed significant reduction of V107%

 
and Dmax

 and increase of Dmin to irradiated volume between 
patients treated with IMRT and patients treated 
with a standard 3D technique. The homogeneity 
of dose distribution was also significantly im-
proved with IMRT. In another study [41] IMRT 
plans displayed better dosimetric characteristics 
(uniformity, homogeneity, conformity) to the tar-
get, particularly at the field junction, compared to 
3D CRT plans. Superior dosimetric results were 
also noticed in an investigation by Yang et al. [42] 
both in the chest wall and in the supraclavicular 
region, as dose distribution was improved using 
IMRT compared to a 3-field technique. Finally, 
O’Donnell et al. [43] mark that by using tomother-
apy IMRT, breast and regional nodes can be treat-
ed in continuity; this way overlaps and gaps are 
avoided and improved coverage can be achieved.

Conclusion 

An accurate field matching in breast RT is not 
a simple task when an anterior field has to be ap-
plied. A number of techniques have been record-
ed but none comes without major disadvantages. 
Techniques that apply a single isocenter are rec-
ommended as they offer good dosimetric results 
and convenient patient set up, but they are not al-
ways applicable. In these cases two isocentric half 
beam techniques can be used. Anyhow, IMRT has 
been proved to be the optimal treatment method.
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