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Effects of Different Arm Immobilization Methods on
Set-Up Accuracy in Photon and Proton Radiotherapy
Techniques for Breast Cancer: A Systematic Review

Tahereh Hadisinia ', Samira Abbaspour 22, Razzagh Abedi-Firouzjah 4

SUMMARY

Purpose: This study aimed to review the effects of different arm immobilization methods on set-up accuracy in
photon and proton radiotherapy techniques for breast cancer with supraclavicular lymph node (LN) involvement.
Methods: A systematic review was conducted using a comprehensive literature search of English-language
sources from PubMed, Google Scholar, ScienceDirect, and Medline databases, with no restrictions on publica-
tion date. Two independent reviewers assessed and screened titles and abstracts for inclusion.

Results: Following Sscreening and eligibility determination, 14 articles were included. Of these, 11 studies fo-
cused on photon radiotherapy (8 in the supine position and 3 in the prone position), while 3 studies examined

proton radiotherapy.

Conclusion: For the supine position, the “both hands above the head” method demonstrated superior set-up
accuracy. In the prone position, the crawl position combined with the deep inspiration breath-hold (DIBH) method
outperformed other approaches. In proton radiotherapy for breast cancer, both “hands-up” and “hands-down”

methods yielded equivalent results.
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INTRODUCTION

External beam radiotherapy is commonly used for
breast cancer treatment, either following breast-con-
serving surgery or as post-mastectomy radiation
therapy, to reduce the risk of local recurrence (1-3).
In radiotherapy, two opposing tangential photon beams
and two opposing oblique anterior-posterior fields (su-
pra fields) are typically employed to irradiate the whole
breast, chest wall, and ipsilateral internal mamma-
ry nodes (4-6). To enhance the treatment outcomes
and improve the patient survival rates, the irradiation
of the supraclavicular fossa (SCF) and axillary lymph
node (LN) regions is advantageous for the patients with
positive nodes, in addition to radiotherapy targeting the
breast tissue (5,7-9).

An accurate and reproducible patient set-up, along with
proper immobilization methods during the radiation
treatment sessions, are critical components of effec-
tive radiotherapy (10). This is particularly important in
breast cancer treatment due to the inherent mobility of
breast tissue and the significant positional changes in
regional LN sites caused by even slight movements of
the patient’s arm (8,9,11). Set-up errors and position-
al variations in the regional LN are more critical than
those in the breast tissue when it comes to target vol-
ume dose coverage, necessitating precise positioning
and effective immobilization (12). Any carelessness
in these aspects can result in locoregional recurrence
due to mismatching at the junction between the supra-
clavicular and tangential fields in the regional LN sites
(7,11,13). Additionally, set-up errors and patient posi-
tioning inconsistencies may lead to side effects such
as radiation-induced skin injury and persistent humeral
head pain following breast radiotherapy. These effects
are often linked to field overlaps between the tangential
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and supraclavicular fields (14-16).

Probst et al. (17) reviewed various methods for breast
tissue immobilization during tangential field treatment.
Their systematic review evaluated the benefits of nov-
el arm immobilization approaches compared to the
standard supine position, specifically the single-arm
abducted technique, during adjuvant breast irradiation.
However, based on our search, no comprehensive
study has been published on the effects of different
arm immobilization methods on the set-up accuracy of
breast cancer patients with supraclavicular LN involve-
ment in photon and proton radiotherapy techniques.
Therefore, the aim of this systematic review was to
gather and compare data from previous studies on set-
up approaches for breast cancer patients, with a focus
on arm immobilization. Specifically, this review seeks
to address the following questions: How important is
arm position in achieving set-up accuracy (considering
both random and systematic errors)? Which arm posi-
tion—one hand or both hands raised over the head—pro-
vides greater accuracy?

METHODS

To conduct this review, the PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses)
checklist was followed. A comprehensive literature
search was performed using English-language sourc-
es from PubMed, Google Scholar, ScienceDirect, and
Medline databases, with no restrictions on the publica-
tion date. The search strategy employed a combination
of keywords, alternatives, and their variations, includ-
ing: ((breast cancer [Title/Abstract]) AND ((set-up error
[Title/Abstract]) OR (radiotherapy set-up error [MeSH
Terms])) AND ((radiation therapy [Title/Abstract]) OR
(radiation therapy [MeSH Terms]))), paired with terms

Arch Oncol 2025;31(1):25-33

https://doi.org/10.2298/A00250109005H

1 Department of Radiology Technology,
School of Paramedical Sciences,
Guilan University of Medical Science,
Rasht, Iran

2 Medical Physics and Biomedical Engi-
neering Department, Tehran University
of Medical Sciences, Tehran, Iran

3 Research Center for Molecular and
Cellular Imaging, Advanced Medical
Technologies and Equipment Institute
(AMTEI), Tehran University of Medical
Sciences, Tehran, Iran

4 Department of Medical Physics,
School of Medicine, Iran University of
Medical Sciences, Tehran, Iran

Correspondence to:
Razzagh Abedi-Firouzjah
email: razzaghabedi@gmail.com

Received: 2025-01-09

Accepted: 2025-02-23
Published online: 2025-04-15

25


http://www.onk.ns.ac.rs/Archive
https://doi.org/10.2298/AOO250109005H

Review article

26

related to “arm” for specificity.
The inclusion and exclusion criteria used in the review
are detailed in Table 1.

Table 1. Eligibility and non-eligibility criteria for document selection.

Inclusion criteria

by Winfield et al. (19), two groups of patients (one
arm vs. both arms positioned over the head) were as-
sessed. The study concluded that breast positioning

Exclusion criteria

e Studies primarily focused on the positioning and immobilization
of breast cancer patients.

Studies reporting set-up error and dosimetry data for different
arm positions in supine or prone setups.

e Publications available in English only.

»  Abstracts or poster presentations.
Studies focusing on brachytherapy.
e Studies exclusively analyzing dosimetry parameters for organs

at risk (OAR).

Studies utilizing the isocentric lateral decubitus position.

After removing duplicates, the screening process be-
gan with an independent review of all abstracts by
two authors to exclude irrelevant or low-quality stud-
ies. Next, the authors assessed the remaining articles
based on the inclusion and exclusion criteria to identify
eligible studies. Any disagreements regarding the se-
lected studies were resolved through consultation with
a third author. Once a final agreement was reached, rel-
evant information was extracted and summarized from
the selected studies.

The study selection process is illustrated in a flow chart
(Figure 1).

Records identified through:
PubMed: 82
Google Scholar: 82
Medline: 92
Science direct=51
(n=307)

Identification

Records excluded
Duplicate= 173

Records after screening : X
Incomprehensible articles= 16
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e Full-text articles assessed for
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= (n=14)

Q

|
=

Figure 1. Flow chart illustrating the identification, screening, and inclusion
of studies.

RESULTS

After the screening and eligibility determination steps,
14 studies were included in this systematic review.
Most of these investigations analyzed factors such as
random and systematic set-up errors, LN displace-
ment, and OAR doses associated with various arm
immobilization methods.

Of the 14 studies included, 8 utilized the supine posi-
tion. Among these, two studies evaluated the effects
of arm positions on breast radiotherapy qualitatively
(18,19), while the others presented the quantitative
findings (Table 2). In one qualitative study conducted

might be more accurate when both arms are raised. In
another qualitative study (18), all patients were posi-
tioned supine, with the ipsilateral arm either lifted over
the head or placed akimbo. The authors found that the
designed shield intended to protect the humeral head
could be misaligned when the arm position was altered
(e.g., changes in the degree of abduction), potential-
ly resulting in the underdosage of certain lymph node
(LN) regions.

The quantitative findings of the remaining six studies
are summarized in Table 2.

Only 3 of the 14 studies investigated the impact of the
immobilization methods on the patient set-up accuracy
in the prone position (Table 3), compared to the supine
position. Although some other studies compared the
supine and prone positions, they did not specifically
evaluate the effect of arm positioning or immobilization
on set-up accuracy, either qualitatively or quantitatively.
Additionally, 3 studies focused on the proton radiation
therapy technique, and their findings are summarized
in Table 4.
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Table 2. Overview of literature on patient arm immobilization management during breast photon radiotherapy (supine position).

Average set-up error (mm)

Dosimetry parameters

Study, year Description Preferred set-up
Random Systematic LN displacement LN region 0AR
Saito et al., 2009 (8) Differences in axillary The depth of level LN~ From H-P to CT-P Significantly more Both methods are
LN irradiation based on | decreased by 14.8  position: homogeneous dose applicable; however,
N=16 various arm positions: mm. « Higher V90 for level distribution for the accurate contouring
one arm (H-P) or both The depth of level LN LN 1. CT-P group. of the lymph nodes
arms (CT-P) elevated . ) lllincreased. « Higher V110 and for each arm position
over the head. An average medial Dmax for level LNs should be carefully
shift of 6-7 mm was Iland III. considered.
observed for all LNs.
Goldsworthy et al., Stability measurement  UL/BL group:  UL/BL group: A lower translational The two-arms-up
2011 (6) in bilateral (BL) arm ab- X direction: X direction: 4/2.3 displacement of 3.1 method demonstrates
duction versus unilateral  2.1/1.6. Y direction: 3.6/2.2. mm was observed superiority over the
N=50 (UL) arm abductionin Y direction: in the BL group ) . one-arm-up method.
the x (CLD) and y (CCD) 2.4/2.6. compared to 5.3 mm
directions. in the UL group.

Janus et al., 2014 (9)

N=60

The effect of individu-
alized stabilization on
the consistency of SCF
in breast radiotherapy
using a vacuum-lock
bag with both arms
raised versus a breast
board with one arm
abducted.

One arm/two
arms:

Y direction:
2.93/2.1.

X direction:
3.8/2.85.

One arm/two arms:
Y direction:
3.39/1.67.
X direction:
2.30/2.87.

The patient set-up
using the breast board
technique is more
time-consuming and
challenging compared
to the vacuum-lock
bag method with both
arms raised.

Kapanen et al., 2015
(16)

The comparison of the
standard wrist-hold
(WH) and rod-hold (RH)

The residual error of
WH/RH after electronic
portal imaging:

The set-up margins
for the WH/RH are as
follows:

The percentage of the
humeral head volume
receiving a dose of 15

The house-made RH
was preferred.
To minimize the

N=113 techniques, and the « Superior-inferior: « LN region: 8.1 mm Gy for: humeral head irradi-
effect of arm position ) 3.4/2.1 mm /6.7mm ) WH :32 ation volume, greater
correction with both eLateral: 1.9/1.7 mm  « Humeral head: 4.6 RH: 56. consideration should
arms raised above the mm/ 3.6 mm. be given to the RH
head. compared to the WH.

Xiang etal., 2018 (4)  The comparison of X, Y, Z directions, and Single-pole vs. Both methods were
single-pole vs. dou- total vector: double-pol: similar in terms of

N=94 ble-pole immobilization « Single-pole: 0.7, 0.4, Heart: reproducibility, set-up

in intensity-modulated
radiation therapy (IMRT)
with both arms raised
above the head.

-0.7, and 3 mm.

* Double-pole: 0.5,
0.2,-0.7,and 2.6
mm.

* V30:3.17/6.15 (%)
Dmean: 657/834 (Gy)
Ipsilateral lung:

* V20: 31.8/30.1 (%).

accuracy, and dosim-
etric parameters.

Song et al., 2021 (20)

N=100

The comparison of
inter-fractional set-up
reproducibility between
a vacuum-lock bag with
one hand raised and a
thermoplastic mask with
both hands raised.

X, Y, Z directions, and

their summation for

vacuum-lock bag/

thermoplastic mask

groups:

« X direction: 3.66 /
1.56 mm

« Y direction: 4.34 /
1.48 mm

« Z direction: 3.68 /
0.84 mm

« Total: 7.64 / 2.95
mm

Conformity index (Cl):
0.60 = 0.05

The patients in the
vacuum-lock bag
group reported feeling
more comfortable
than those in the
thermoplastic group.
The set-up errors
were fewer for the two
hands-up positions
and thermoplastic
mask.

LN: lymph node; Vx(90): represents the percentage volume corresponding to x (90) Gy dose.
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Table 3. Overview of literature on patient arm immobilization management during breast photon radiotherapy (prone position).

Average set-up error (mm)

Dosimetry parameters

Study, year Description Preferred set-up
Random Systematic LN displacement LN region 0AR
Deseyne etal., A modified prone study LN | was generated  Underdosage A significant dose reductionto ~ The prone crawl
2017 (21) called the crawl position much closer to occurred slightly in adjacent 0ARs was observed  position demonstrates
compared to the supine the skin in a prone the prone position in the prone crawling position  better sparing of adja-
N=5 position in left-sided ) ) position compared to  compared to the compared to the supine cent OARs and more
breast cancer. the supine position.  supine position (D98  position. effective planning target
of 33.12 Gy vs. 36.11 volume (PTV) dose
Gy for axillary LN I). coverage compared to
other positions.
Boute etal.,  The comparison For the crawl breast Promoted dose homogeneity The crawl prototype
2017 (22) between the newly couch vs. AlO: in the breast and lymph node provided superior
designed special couch  -In the left-right direc- (LN) targets. comfort and set-up
N=9 for the crawl position tion, it was almost less Achieved dose reductions to precision compared

and the prone position
with bilateral arm eleva-
tion on AIO™ (a prone

than 3-4/3-8 mm.
- In the ant-post
directions, it was equal

all organs at risk (OARs) for the

crawling position.

to AIO.

breast-board). for both techniques.
Schoepen et A comprehensive dosi-  One arm/two arms: Both the prone dive and crawl  The prone crawl posi-
al., 2022 (23) metric study of supine, Y direction: positions confirmed lung tion combined with the
prone crawl, and prone  2.93/2.1. sparing. deep inspiration breath
N=>51 dive patient positions X direction: The deep inspiration breath hold hold (DIBH) method.
for different irradiation ~ 3.8/2.85. (DIBH) method was superior to

techniques.

the prone techniques in terms

of reducing the heart dose. The

prone crawl position offered a

deeper location for the ipsilater-

al breast and a larger distance
between the target volume and
organs at risk (OARs).

Table 4. Overview of literature on patient arm immobilization management during breast proton radiotherapy.

Average set-up error (mm)

Dosimetry parameters

Study, year Description is- Preferred set-up
Random Systematic :;I':: : :“ oI LN region 0AR
Depauw etal.,  Arm positions in The arms-down/up The arms-down/up Similar coverage was  Both the esophagus and thyroid Arms-down positioning
2020 (24) post-mastectomy mode for the vertical,  mode for the vertical, achieved for LN Il received slightly lower doses in  appears equivalent to
proton radiation. longitudinal, and lateral longitudinal, and and IIl. the arms-down position. arms-up positioning
N=10 directions: 1.2 mm/ lateral directions: Axillary level | V20 and mean lung doses were in terms of set-up
1.3mm,1.1mm/1.2 1.0/1.3mm, 0.6/0.8 - received a modestly  similar in both positions. error and dosimetry
mm, and 1.5mm/1.4 mm,and 1.4/1.5 lower dose in the The heart mean doses were parameters.
mm, respectively. mm, respectively. arms-down position  significantly lower in both
compared to the positions.
arms-up position.
Gardaetal.,  Proton radiotherapy for ~ Crawl breast couch Arms-up positioning requires Some patient factors
2022 (25) the breasts and compre- / AlO: longer treatment times due to  and anatomical
hensive nodal irradiation the break between the fields. structures determine the
N=22 for breast cancer in two In cases requiring a supra- most appropriate set-up
different arm positions. ) } : clavicular or high axillary approach.
boost, the arms-down position
allows for the use of additional
posterior beam angles to limit
the brachial plexus.
40 mini
Hongetal., A comparison of An error in the po- For both the prone dive and Both arms-up positions,
2023 (26) adverse reactions in sitioning of the arm crawl positions, lung sparing combined with a vac-
conventional-dose could result in: was demonstrated, with a uum pad to immobilize
N=84 versus hypofractionat- greater effect observed inthe  the patient’s affected

ed-dose regimens with
respect to patient arm
positioning.

prone crawl position.

The DIBH method was supe-
rior to the prone techniques in
terms of the heart dose.

The ipsilateral breast was
positioned deeper, and there
was a larger distance between
the target volume and 0ARs in
the prone crawl position.

arm, help reduce set-up
errors and increase

the repeatability of
positioning.
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DISCUSSION

Photon radiotherapy

Supine position

The appropriate method for arm immobilization in
breast radiotherapy is a critical consideration, partic-
ularly for patients with supraclavicular LN involvement
(6,9). Although surface matching between the tangen-
tial and supraclavicular fields is achieved, the stability
of the LN region remains unreliable due to arm move-
ment and must be carefully addressed.

In 2005, Mansur et al. (18), emphasized the impor-
tance of arm positioning, immobilization, and set-up
reproducibility in breast radiotherapy, particularly for
patients with axillary node involvement. Since the loca-
tion of the axillary nodes is related to the humeral head,
they measured the distance between axillary lymph
node levels I-lll and the humeral head, as well as the
angle of the humeral head using computed tomogra-
phy (CT). The findings indicated that when the patients’
arms were abducted at angles greater than 90 degrees
over their heads, the lymph nodes were closer to the
humeral head. As a result, in treatment planning, only
the most cranial aspect of the humeral head could be
safely blocked or removed. In contrast, when the arm
was positioned at less than 90 degrees in the hands-
on-hips (akimbo) position, no overlap with the axillary
nodal region was observed in any of the patients, al-
lowing the entire humeral head to be safely blocked. For
patients with restricted shoulder movement following
axillary surgery, the reproducibility of the set-up was
reduced with each session, resulting in varying humer-
al angles and a potential lymph node miss. In such cas-
es, the akimbo position was preferred, but a wide-bore
CT scanner was required for simulation. However, no
set-up error data related to these positions was report-
ed in their study.

In two studies by Saito et al. (8) and Goldsworthy et
al. (6), the effects of the arm position on set-up ac-
curacy were assessed by comparing two different
set-up approaches on an inclined breast board without
additional immobilization devices: one arm elevated
versus both arms elevated over the head. Saito et al.
(8) demonstrated that the location of the LNs depends
on the arm position. From unilateral hand elevation to
bilateral hand elevation, the distance from LN level | to
the anterior skin surface decreased by 14.8 mm, while
the distance to the posterior skin surface increased. No
changes in depth were observed for LN level Il. For LN
level Ill, the distance from the anterior skin surface in-
creased, while no significant changes were seen with
the posterior skin surface. An average medial shift of
6-7 mm was observed across all LN levels. The dose
distribution in the two-hands-up group was significant-
ly more homogeneous, with a higher volume of tissue
receiving at least 90% of the prescribed dose (V90) for
LN level I, and a smaller volume receiving more than
110% of the prescribed dose (V110) for LN levels Il and
IIl. Goldsworthy et al. (6), in a randomized study, found
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that bilateral arm abduction during breast radiotherapy
is considered a standard technique due to its more sta-
ble and reproducible position, which reduces system-
atic errors compared to unilateral arm abduction.
Several studies have investigated the simultaneous
effects of arm positions and immobilization devices
(e.g., individualized molded vacuum-lock bag, stan-
dard wrist-hold and rod-hold arm fixation devices, sin-
gle-pole and double-pole positions, and thermoplastic
masks) on set-up accuracy in breast cancer patients
(4,9,16,20). Janus et al. (9) compared the average ran-
dom and systematic set-up errors between two patient
groups using the relationship between the clavicle and
vertebrae. In the first group, the ipsilateral hand was lift-
ed on the breast board, while in the second group, both
arms were abducted and stabilized in an individualized
molded vacuum-lock bag. The results showed that the
systematic errors for the first and second groups in the
longitudinal and lateral directions were 3.39/1.67 mm
and 2.30/2.87 mm, respectively. Vacuum-lock bag sta-
bilization reduced the systematic errors by about 40%
in the longitudinal direction; however, no meaningful
differences were observed in the lateral direction. The
random errors in the second group (vacuum-lock bag)
were lower than in the one-hand-up group for both
directions. Notably, the longitudinal systematic errors
for the two-hands-up group were significantly reduced
compared to Goldsworthy et al.’s study (6), with errors
of 1.67 mm versus 2.2 mm, highlighting the benefit of
vacuum-lock bag stabilization in reducing set-up er-
rors. Song et al. (20) studied two groups of patients:
one group with vacuum-lock bag immobilization and
the ipsilateral hand elevated, and the other with ther-
moplastic immobilization and both hands elevated over
the head. The study found that the systematic errors in
all directions for the vacuum-lock bag with one hand up
followed an ascending pattern compared to the results
from Janus et al. (9), who used the vacuum-lock bag
with both hands up. This suggested that using a vacu-
um-lock bag in the one-hand-up position had a nega-
tive effect on accuracy, reducing its effectiveness. An
interesting aspect of this study was the consideration of
patient comfort during set-up and its relationship with
set-up accuracy. The findings showed that patients in
the vacuum-lock bag group reported greater comfort,
especially in the early weeks of treatment, compared
to the thermoplastic group. However, the set-up errors
in the vacuum-lock bag group were significantly fewer
than those in the thermoplastic group (20).

The remaining two studies, by Kapanen et al. (16) and
Xiang et al. (4), investigated patient set-up errors us-
ing a special arm holder on the breast boards. In the
first study (16), the researchers assessed the effect of
arm positioning on set-up accuracy and the required
set-up margin in terms of Th1-2, clavicle, and humeral
head displacement. They used two arm fixation devic-
es: the standard wrist-hold (WH) and rod-hold (RH).
In the standard WH method, the patient’s right hand
is placed on the left wrist (or vice versa), while in the
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RH method, a plastic self-made rod-holding device is
used, where both hands grip rods attached to a base
plate, maintaining a similar abduction angle. The resid-
ual systematic error of the WH/RH devices after the
portal imaging set-up in the superior-inferior and lateral
directions were 3.4/2.1 mm and 1.9/1.7 mm, respec-
tively, indicating a better result with the homemade RH
method. Xiang et al. (4) examined the set-up accuracy
in single-pole and double-pole positions on inclined
breast boards. In the single-pole method, one pole was
positioned on the treatment side over the head, with
the ipsilateral arm abducted to 90 degrees while both
hands gripped the pole. In the double-pole method, one
pole was placed on each side of the head, with each
hand gripping one pole. Additionally, the study evaluat-
ed the patients’ dosimetry parameters, including V55,
Dmin, Dmax, homogeneity index, and conformity index
for the planning target volume (PTV), as well as the
dose tolerances for the heart, spinal cord, and ipsilat-
eral lung. The set-up deviations in the lateral direction
for the single-pole and double-pole methods were 0.07
+ 0.17 cm and 0.05 = 0.18 cm, respectively. The re-
sults showed that both methods were similar in terms
of reproducibility, set-up accuracy, and dosimetric pa-
rameters; however, the single-pole method resulted in
a lower dose to the heart.

The overall results from these studies indicate that the
patient set-up with both arms raised is significantly
preferable to having just one arm raised. The number of
errors in the group with both arms raised was reduced
when immobilization tools were used. The vacuum-lock
bag immobilization device led to a greater reduction in
errors for the two-arms-up group, whereas, in the one-
arm-up group, it had little effect on error reduction and
even caused an increase in errors in some directions.
However, further investigations are needed to confirm
this finding.

Prone position

The radiotherapy of patients with large breast sizes has
acute and late skin toxicities, particularly in the inframa-
mmary fold (27). In the supine position, breast tissue
becomes closer to the chest, and the critical internal
organ dose will increase. To resolve these problems,
Memorial Sloan-Kettering Cancer Center (MSKCC) of-
fered prone breast radiotherapy as an alternative meth-
od (28). This method is administered on a specially-de-
signed couch with a breast board, the ipsilateral arm is
placed either at the side or elevated in front of the head.
However, there are several disadvantages associated
with the prone position, including reduced set-up preci-
sion and the patients’ discomfort. The support material
itself blocks access to the anterior beam of the regional
LNs, which is one of the major drawbacks of this posi-
tion (29). To overcome these problems, Deseyne et al.
(21) assessed the modified prone position for breast
patients with LN involvement in a crawl position. In this
position, the arm on the treated side was placed beside
the body, while another arm was lifted above the head.
To achieve the accuracy of this proposed set-up, all

patients were simulated in both supine with the arms
elevated above the head and prone craw! position as
explained above. Dosimetric analysis of the patient’s
plan in the two positions confirmed a good coverage
of the LN region with significant dose reduction of ip-
silateral lung, contralateral breast, thyroid, contralateral
lung, and esophagus for the prone crawling position
compared to the supine position (21).

In a similar study by Boute et al. (22), the pain and
comfort levels, set-up precision, beam access, and
plan dosimetric parameters of the crawl position were
investigated and compared to the commonly used
prone position with bilateral arm elevation (prone dive)
on AI0™ (a prone breast-board, Orfit, Wijnegem, Bel-
gium). They designed and built a special couch for a
crawl position in which the regional LNs exposed with-
out any beam restriction (22). It was shown that the
crawl position had superior comfort and set-up preci-
sion compared to AlQ. The promoted dose homogene-
ity in the breast and LN targets, as well as the reduced
OAR received dose for the crawling position, was ob-
tained. In most of the patients, the random set-up er-
ror in the left-right direction was almost less than 3-4
mm and more than 3-8 mm for the crawl breast couch
and AlQ, respectively. However, in the anteroposterior
or craniocaudal directions, it was equal for the two
positions. In another work by Schoepen et al. (23), a
comprehensive dosimetric study of supine, prone dive,
and prone crawl patient positions for different whole-
breast irradiation techniques was performed. The dosi-
metric parameters and conformity indexes of different
patient datasets, including prone dive—supine (left and
right-sided breasts), prone crawl-supine (left-sided
breast), prone crawl-prone dive (right-sided breast),
and prone crawl-deep inspiration breath hold (DIBH)
for left-sided breast were analyzed. They concluded
that lung-sparing was better in the prone craw! posi-
tion compared to the prone dive (the supine position
was considered the reference one). For the heart, both
methods had the same results; however, the DIBH
method was superior to the heart-sparing one. In addi-
tion, special arm positioning in the prone crawl leads to
a larger distance between the target volume and OARs.

Proton radiotherapy

In recent years, proton radiotherapy has become in-
creasingly common for breast cancer patients. This
technique offers several advantages, such as the
unique physical properties of the Bragg peak and the
absence of the exit dose, which enable better dose cov-
erage in the PTV, particularly for the internal mammary
LNs (30). The use of one field per fraction in proton
radiotherapy allows for both arms-up and arms-down
positioning. However, for some patients who have
undergone breast surgery, maintaining the arms-up
position can be painful. As a result, the only viable
positioning options may be the akimbo position or an
arms-down position (30,31).

There are very few studies that examine the effect of
arm positioning on set-up accuracy in proton radiother-
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apy (30,32). Most studies on proton radiotherapy for
breast cancer refer to supine simulation with arms po-
sitioned above the head, similar to photon radiotherapy.
Depauw et al. (24) evaluated the dosimetric impact of
the arm position on PTV coverage, OAR sparing, and
set-up reproducibility for daily treatments in mastecto-
my patients, comparing two arm positions: both arms
up and both arms down with arms slightly akimbo to
the sides, while maintaining a similar head position. To
ensure immobilization accuracy, they used additional
tools such as a chin strap, head and neck cups, and
hand grips. The systematic and random set-up errors,
as well as dosimetry parameters in the vertical, longitu-
dinal, and lateral directions, were similar for both posi-
tions. Garda et al. (25) demonstrated that longer treat-
ment times might be required due to the break between
the fields in the arms-up position. In cases requiring
high axillary boosts or supraclavicular treatment, the
arms-down position allows for the use of additional
posterior beam angles to reduce the dose to the bra-
chial plexus. Hong et al. (26) found that errors in arm
positioning could alter breast tissue thickness and the
posterior border in proton therapy, potentially leading
to insufficient target dose coverage or increased dose
to the lung and heart. To address this issue, a vacuum
pad was used to immobilize the affected arm, reduce
set-up errors, and improve the repeatability of patient
positioning.

Recently, surface-guided radiation therapy (SGRT) has
become a preferred method for daily patient monitoring
and positioning in all radiotherapy techniques due to its
effectiveness as a quality assurance tool (33). SGRT
uses the reconstructed external surface of the patient
and three stereo-camera systems to track thousands
of points on the patient’s skin. Unlike the traditional im-
age-guided procedures, SGRT relies on light reflected
from the patient’s skin rather than radiation exposure
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(33). For example, Dekker et al. (34) assessed the ac-
curacy of arm positioning using clavicle rotation under
SGRT for patients positioned on a breast board with
their arms lifted above their heads. They reported mean
residual set-up errors of -0.015 (= 0.90) mm, -0.58
(= 1.1) mm, and -0.18 (+ 0.82) mm in the vertical,
longitudinal, and lateral directions, respectively. The ac-
curacy observed in their study was superior to that in
previous studies, particularly in the vertical direction,
highlighting the efficiency of SGRT in ensuring precise
arm positioning. Further investigation into this area is
beyond the scope of the present study but is a goal for
our future research.

CONCLUSION

In this systematic review, we aimed to evaluate the
effects of different arm immobilization methods on
set-up accuracy in breast cancer radiotherapy. For the
supine position, raising both hands above the head
proved to be a more effective method; however, this
may not be feasible in cases where the patient’s move-
ment is restricted. In such instances, individualized
immobilization tools, such as a vacuum-lock bag with
one arm elevated, are preferred. Several disadvantages
were reported for the prone position, including reduced
precision in patient positioning and patient discomfort.
However, the crawl position combined with the DIBH
method was found to be superior to other methods.
In proton beam breast radiotherapy, some studies
assessed showed that both the hands-up and hands-
down methods had equivalent effects on set-up accu-
racy.
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